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INTRODUCTION

An accurate calculational procedure for displacement production
by gamma rays in silicon semiconductor material is needed for applica-
tions in basic research, in radiation damage studies, and in commercial
process evaluations, Displacement by gamma rays has been shown to result
primarily from the production of electrons by incident photons, then
by displacement of lattice atoms by the electrons. Previous one-step
calculations involving integration over electron energy of an electron-
nucleus interaction, with the energy dependent photon-electron interaction
included in the integration, have given results not in agreement with
experimental values. The method of calculation being followed here is a
two-step procedure involving first a calculation of the electron flux
and spectrum, then the use of this information as input to a Monte Carlo
calculational of displacement production,

This report describes the first half of the computation; the calcu-
lation of electron flux and spectrum in thin samples. A Justification
of the cross section equations used is give, the incorporation of these
into an Algol computer program is described, and results of typical
calculations are presented. Because the initial motivation for this work
was its possible usefulness for analysis of spectrum effects in radiation
damage studies for electronics devices, the applied relationship will

also be noted throughout the report.
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. BACKGROUND

Radiation Damage in Semiconductor Devices
Disturbances in the perfect regularity of the spatial dependence

of the potential function in a semiconductor crystal produce allowed
energy levels in the energy band gap. Displaced atoms, vacancies, and
various combinations of defect states and impuriiy atoms produce such
disturbances. Allowed levels in the band gap constitute carrier traps,
which effectively control such parameters as electron and hole lifetime.
Thus any semiconductor device characteristic dependent on carrier lifetime
is affected by displacement density. In transistors for example, lifetime
in the base regiop controls current gain as shown in the equation for

current transfer effeciencyl:
where w = base width

= se Ch Q D = carrier diffusion
‘v D T \ constant

T = carrier lifetime

It is this mechanism of increased trap density which produces the
most important permanent damage contribution from gamma radiation exposure.
Although ionization and excitation do occur, their effect is quickly

minimized by the kinetics of the carriers involved.

Displacements from Gamme Radistion

Although a photon may transfer sufficient energy to a lattice atom
to cause displacement, the cross section for such direct displacements
is negligibly small. Instead the major contribution arises from Compton,
pair-production, or photo electrons, followed by displacement caused by
the energetic electron. The electron-atom collision as described by
relativistic scattering theory shows that the maximum energy transfer

. . 2
to the atom is given by where Ee = incident electron

2 energy
+
E = 2( Ee 2 éle S ) Ee Me = electron mass
max Mec )
M atom mass

¢ = velocity of light
The best experimentally determined displacement energy for a silicon
atom is about 13 eV, thus from the above relation, the minimum electron

energy causing a displacement is 145 KeV. For energetic electrons,

. B. Valdes, The Physical Theory of Transistors, McGraw-Hill, 1961, p.287

2D. S. Billington and J. H. Crawford, Radiation Damage in Solids,

Princeton Press, 1961.




the energy transferred to the atom may result in further displacements
by the primary atom, This multiplying action, plus the dependence of

energy transfer on electron energy, lead to the curve shown in figure 13.
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FIGURE l. DAMAGE PRODUCTION IN THIN SILICON SAMPLES

The relation of gamma irradiation to permenent semiconductor device

damage developed thus far might then be summarized as follows:

(1)- Gamma radiation produces displacements in semiconductor materials
primarily through intermediate electrons. Both electrons and displace-
ment production are energy dependent.

(2)- Displacement of lattice atoms into interstitial sites disturbs the
pericdicity of the potential, introducing trap levels into the forbidden
energy band. 4

(3)- The increased trap density reduces carrier lifetime by providing
recombination sites.

(4)- Reduced carrier lifetime affects engineering parameters of semi-
conductor devices; in transistors, the current transfer efficiency is

reduced, thereby reducing transistor gain by carrier loss.

Thus calculation of the intermediate electron flux and of the resulting
displacements represents the first step in analytical prediction of

radiation damage to semiconductor devices from a given gamma source.

3. J. H. Cahn, "Irradiation Damage in Germanium and Silicon due to
Electrons and Gemma Rays", J. Appl. Phys, 30, 1312, (1959).




Previous Displacement Production Calculations

Three previous celculational procedures for displacement production

by gamma radiation are those of Cahn3, Oen and Holmesu, and GalavanovE.
The similarities and differences of these methods with the one described
in this report will be discussed after a brief review of the three
approaches. |

Cahn's calculations were for silicon and germanium, and included
displacements by intermediate electrons from photoelectric, Compton and
pair-production intéractions. Photoelectron and pair production cross
sections were taken from tabulsted values of Davisson and Evans6, and
Grodstein7. The K and L shell cross sections were assumed to be 0.8
and 0.2 respectively of the total photoelectric cross section. Pair-
production cross sections for equal electron and positron energy were
used. The Klein-Nishina differential energy cross section was intergrated
to give the Compton electron component. Cahn, as did the other investi-
gators, assumes a sharp displacement energy threshold, and integrates
an electron~nucleus collision cross section over the electron energy
range from the minimum displacement energy to the available electron
energy of the photoelectron interaction. The differential energy-range
relation for the electron is included to account for alternate energy
loss mechanisms. The electron=rBucleus interaction used is that of Seitz
and Kbehler8 based on the Mott-McKinley-Feshbach relativistic electron
scattering cross section relations. Displacements through knock-on
collisions of the primary displaced atom are included using the Kinchin
and Pease model. Discussion of the computer program or of the computing

machine used for the calculations is not given.

* 0. S. Oen and D. K. Holmes, J. Appl. Phys., 30, 1289, (1959).

2 V. V. Galavanov, Fiz. Iverdogo Tela, 1(3), 432, (1959); translation in

Soviet Physics-Solid State, p. 390. |

C. M. Davison and R. D. Evans, Revs. Modern Phys, 24, 19, (1952).

Gladys W. Girodstein, Natl. Bur. Standards Cire. No. 583, (1957).

F. Seitz and J. 5. Koehler in Solid State Physics, edited by F. Seitz
and D. Turnbull, Academic Press, (1956), Vol. 2, p. 305.




Oen and Holmes performed similar calculetions for thick samples
of several materials, although not for silicon. Their calculations for
the photo-electron collision includes calculated Compton cross sections,
and photoelectron cross sections calculated from the Hulme numerical
method for electron energies less than 2 Mev, and the Hall high energy
equations for energies greater.than 2 Mev. The treatment of the electron-
nucleus interaction for low Z materials was similar to that of Cahu..
Computations were performed on the now obsolete ORACLE computer. Subse-
quent work by these investigations has been directed toward high Z
materials and based on the corresponding scattering models for nuclei
of large 29.

The treatment of Galavanov is for germanium, and includes calculations
to show that displacement by direct interactions of the photon and
nucleus is negligible. Galavanov uses tabulated photoelectric cross sections,
and a form of differential energy Klein-Nishina equation for the Compton
cross section. The photam interaction equations are combined with a form
of Mott's equation, and calculations are made for sub-intervals of
electron energy rather than by direct intergration as in the previous
calculations. Effects of sample geometry, knock-on interactions, and
possible loss mechanisms are not mentioned.

Each of the three papers includes comments on the apparent lack of
agreement between the calculated displacement production rates, and
those actually observed by measuring carrier removel rate during photon
irradiations. Displacement production is of the order of 10 less than
the theoretically predicted value. Galavanov says that the discrepancy
"is evidently due to imperfections in the experimental method of
determining the number of defects". Cahn and Oen and Holmes suggest
that the difficulties probably are related to the theoretical model
used for the electroh-nucleus interaction, and to the subsequent
behavior of the displacement defect.

Based on the limited success of the displacement calculation
procedures, work on the analytical approach has received less attention,
while analytical and experimental studies of the mechanisms involved

have expanded. Studies have been conducted to investigate the significance

9

0. S. Oen (private communication).




of electron energy and direction with respect to the crystal axis and to
determine the displacement threshold behavior. Experimental studies have
shown that a multitude of defect states associated with defect pairing
with impurities dominates the carrier recombination behavior. The
importance of defect annealing was established by showing that simple
defects may be mobile within the lattice at temperatures as low as MOKBQ.

It is because of these recent developments, and of improved photon
interaction models, that an attempt to develop a new calculational proce-
dure for displacements in silicon devices seems desirable. The present
model differs from the previous calculations promarily in that it is for
irradiations of thin silicon samples by any photon spectrum extending to
about 10 MeV. Calculations include photo electric, Compton, and pair-
production photon-electron interactions, with cross sections being calcu-
lated for each within the computer program. Equations used for photo-
electric and pair-production cross sections differ from those used by
either of the previous investigators. Rather than the integration over
electron energy previously used to give displacement densities directly,
a discreet energy interval procedure allowing examination of the electron
spectrum, and Monte-Carlo calculations for subsequent electron behavior
will be employed. The value of knowledge of the electron spectrum, and of
the Monte-Carlo technique will be discussed later.

Photon Interaction Models

In the three displacement calculation models discussed in the previous
section, the complexity of the photon-electron calculation varied from
the use of tabulated linear attenuation coefficients by Galavanov, to the
calculation of cross sections by the lengthy Hulme numerical approximations
by Oen and Holmes. In the present work, cross sections for photoelectric,
Compton, and pair production are calculated within the computer program

for given values of photon and electron energy. Comparisons of the various

equations and of experimental versus theoretical results given by Davissonll

and Evan512 were used as a starting point for this work.

lOWork in the above areas is summarized in the Proceedings of the Tth

International Conference on Physics of Semiconductors, Paris, 1964;

13 Vol. 3, "Radiation Effects in Semiconductors,” Academic Press (1965).
C. M. Davisson in Alpha-,Beta-, and Gamma-Ray Spectroscopy, edited by
Kai Siegbahn, North Holland Publishing Co., Amsterdam (1965), Vol 1,
p. 37.

R. D. Evans, The Atomic Nucleus, McGraw-Hill, (1955).
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Theoretical models of photon interactions producing electrons are
based on evaluating the quantum mechanical transition probasbilities
for transitions having a free electron as the final state. The matrix

element for the transition is calculated from the general form

M=o H T & (1)

and the cross section for producing an electron of momentum p to p + dp

through this interaction by
do =c. |m|* d°p @

where

M = transition matrix element

‘%§= bound state electron wave function

Y.= continuum state electron wave function

H:= interaction Hamiltonian

do = differential cross section
CPP = volume of momentum space of interest
C.,Cz= constants
Defining the interaction Hamiltonian and the wave functions is, of
course, the important and difficult part of the problem. A usual proce-
dure involves expanding the wave functions in a series of partial
waves, or expansions involving successive Born approximations. The
Hamiltonian is frequently approximated by pertubation methods. To simplify
the slowly converging series and higher-order pertubation models required,
conditions on relativistic considerations, atomic number, and screening
are usually made based on the physical considerations of a particular
problem. Selection of the cross section equations to be used for =a
particular calculation must therefore be based on the photon and electron
energy and atomic number to be considered. The scattering equations used
for this problem were chosen for the photon energy range O - 10 MeV, for
electron energies above 100 Kev, and for small Z (Z silicon = 1k).
For silicon the Compton process is the major electron source for

photon energies from about O.1 to 7 Mev. The additional complications of

photoelectric and pair-production calculations have been included
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to assure that monoenergetic or skewed photon spectra might be accurately
enalyzed by this program. Calculated cross sections for silicon by the
equations selected for all three intermctions were shown to give good

agreement with available experimentsl data.

Compton Scattering

Compton scattering, the scattering of photons by essentially free
electrons, may be described with accuracy by the familiar Klein-Nishina

13

equations. The Klein-Nishina equations result from application of the
quantum scattering theory with allowed intermediate states for which the
electron may absorb a photon, in violation of normal energy conservation
laws. Although the scattering cross section per unit solid angle for the
scattered photon results from the Klein-Nishina formula, elementary
relativistic conservation of energy and momentum between the initiasl
and final states may be used, along with the chain rule for differentiation,
10 give a differential electron energy scattering cross section.

It is this differential electron energy cross section per electron

which will be used for this calculation:

2 2 -
do _mr | {2+(TE )[l Lhr-TE 2 mf_xg” 3

d(TE) ~ MeC? hr—TE) | < hy =< TE

where

dd = differential cross section for Compton electron
production per electron

TE = electron energy

hy = photon energy

fo = classical electron radius
Mo C*= electron rest mass energy

X = h)/'/ Mo CZ . = photon energy in electron rest mass
units.

Considerations of conservation of energy and momentum give an upper

electron energy limit for the Compton interaction of:

_ hy
T = (17257 . ()

Note that the differential cross section equation ‘(3) yields positive

13 0. Kiein and Y. Nishina, Z Physik , 52, 853, (1929).
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cross sections for energies greater than TE mex, and in fact has a

positive singularity at TE =hv. It is therefore necessary to impose

an upper electroni?er%y TEmmx, on calculations with this egquation.
According to Davisson, the Klein-Nishina formulation has shown

agreement with experimental data for energies less than 50 Mev. Radiative

corrections necessary above 50 Mev are insignificant in the O - 10 Mev

range of interest in this calculation.

Photoelectric Scattering

Photoelectrons are produced by the interaction of photons with the
orbital electrons in the presence of the nucleus. The interacting force
field with the nucleus is necesgsary for the conservation of momentum, and
consequently the probability of such interaction increases with increasing
electron binding energy. Before about 1954, the most accurate theoretical
results for K shell electrons were those of the Hulmelu numerical
approximation for low energies and high atomic number. The most accurate
equations for low Z over rather wide energy limits now appears to be
those of Prattls’ 16. Using approximate Coulomb wave functions, and
making use of computer techniques, Pratt has carried up to 40 terms in
the expansion ¢f the wave function in cross section calculations.
Although his earlier equations were developed for the high energy limit ,
he has extrapolated to low energies using the energy dependence relstions

developed by Gavrilal7 to get, for K shell photoelectric scattering:

=T b (BE)7 (42) Mp exp(-2(42/8) arc cos (A7)

{1+ maz(nEl/M@ ) } )

T
™ = 47 K2 A"Zs -—‘;‘“’c}) = high energy limit
[« —(AZ)®)”® — 1) = binding energy of K shell electron

—az\2 B2 z
AA«9==5%:‘+ l-E!iléE%i_.;;ﬁifl %) [, + (1-8%)

ver
i

(l+9)]

¥ 5. R. Hulme, J. McDorugill R. A. Buckingham, and R. H. Fowler, Proc.

Roy. Soc.,(London}], A 149, 131. (1935).

1% R. H. Pratt, Phys. Rev., 117, 1017, (1960).

16 R. H. Pratt, R. D. Levee, W. Aron, R.C. Pexton, H. Hall, Bul. Am. Fhys.

Soc., T, 492 (1962).
17 M, Garrila, Phys. Rev., 113, 5, (1959).




-pt)2 - nz
N = b { & e + 3 - RO 4 g3 U0

8 (1-89%2 u-a*)"t[onu—&‘)‘* + 2(1-8 |- B }
s + ) b I+e

classical electron radius
1/137.04 =fine- structure constant
electron rest mass energy
incident photon energy
Vv /e = velocity ratio , v = photoelectron velocity

mwnn

=g H
‘m§ (BDN:D O

Rather than compute an even more complicated I shell photoelectron

behavior, the experimentally observed ratio, 1.09, of all photoelectrons

to K shell photoelectrons for silicon18 will be used. The energy of the
photoelectron is the photon energy less the electron binding energy; only
electrons of this energy appear for a given photon energy. Since displacement
calculations will be concerned with electron energies in excess of 100 kev,

the 1.8 kev binding energy will be neglected in these calculations.

Pair-Production

Pair-production is the absorption of a photon of energy greater than
2moc2, followed by the emission of a positron-electron pair with total
energy, including rest mass energy, egual to that of the photon. The same
quantum scattering approach described earlier is applied to this case, the
only difference being that the electron is initially in a negative energy
state. Bethe and HEitlerl9 first obtained a solution for pair-production
using plane waves for both the positron and electron, using the Born
approximation, neglecting screening effects, and including the electron-
nucleus interaction as a perturbation term in the interaction relation.
Since electron velocity distribution is of interest in the present
calculation, the use of the Born approximation leads to difficulty, as the
Born approximation requires that Tg%T;<( | . The atomic mumber of
silicon is sufficiently low, but if small electron velocities are to be
included in the calculations, the corresponding small value of ﬁ inval-
idates the above condition.

18Ibid, Davisson, Appendix I.

194, A. Bethe and W. Heitler, Proc. Roy. Soc. (London), Alk6, 83, (1934).
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HouthO has noted the difficulty at low electron energies, anrnd has
developed an equation with correction terms to the Bethe-Heitler equation.
At low photon energies (4.2 ) X ) 2 ), Hough's equation leads to
the Bethe-Heitler value for equal division of energy by the positron and
electron, times a factor which symmetrically reduces the cross section to

zero as the kinetic energy either particle approaches the total available

kinetic energy. Hough's equation is:

¢ =c ¢ pLI+0.35 (. —0.52) p(1—p?)] ©

where @, = Bethe-Heitler equation for equal erergy to

positron and electron

U- 0[5 @=H L-n -1 (e-1)—5*(L~-a))

¥
L=[2/0-5] Im(/2)
a=[1/0-1%] mlE)+($)*-1")

2/ X

p=2a[xCi-x)]"

X= {IE_—_'); = fraction of kinetic energy to electron
(-2

c= Z° Ye
m, c*

The second term in brackets of equation () is the correction term,
which is omitted when it is less than zero (4.2 ) & ). Hough gives
data showing the good agreement of his equation with the Bethe-Heitler
equation for higher energies, and the desired departure from the Bethe-
Heitler values for &< 10 .

Neither the Bethe-Heitler nor Hough treatment account for the slight
difference in energy for the positron and electron due to nuclear attraction

and repulsion. Evans shows that the positron will receive a maximum of

205 v.c. Hough, Phys. Rev., T3, 226, (1948).
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0.0075 Z Mev more energy than the electron, and this at very low energies.

For the present calculations, displacements by positrons will be calculated
using the same equations as for electrons, and therefore no attempt to

account for the assymetry will be included.
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DISCUSSION OF SCATTERSHOT III COMPUTER CALCULATIONS

Calculational Procedure

The SCATTERSHOT III computer program is a computational procedure
for calculating the electron flux and spectrum in silicon, given an
incident photon flux and spectrum. A program remaining to be written will
take the data and output of SCATTERSHOT III as input for performing
Monte-Carlo calculations of displacement production within small silicon
samples. A Monte-Carlo calculation will be used to allow more flexible
consideration of several interaction models, of losses due to sample
geometry and of competing loss process. The relative significance of
the various electron processes and of thelr effect on correlation with
experimental results should be more readily displayed with Monte-Carlo
calculations.

In this program the electron flux and spectrum are calculated for
a given photon energy, photon flux, and photon spectrum weighting
factor. The energy range for possible electron energies is divided into
equal increments, and the number of electrons produced in each energy
increment is calculated. The calculation is repeated for any number of
sets of values for photon energy, flux, and spectrum weight, and a running
total of electrons in each energy increment is carried throughout the
calculation. Thus for an isotope source having a single energy of
photon emission, the calculations are performed for this photon energy
value only, and the spectrum weight is unity. For an isotope having
several values of photon emission energy, the calculations versus electron
energy are repeated for each photon energy, the appropriate weighting
factor for each photon energy is used, and a running total of electron
flux in each increment is stored in an array. If computations are to be
made for an incident photon spectrum, the photon spectrum is divided
into any number of energy intervals, a representative energy and fraction
of photons in each interval is chosen, and the running total electron flux
for each photon energy interval is computed. In each case the final

running total electron flux is the desired total electron flux.




Because the photo electron flux is assumed in this program to be
mononenergetic for a given incident photon energy, the photoelectron
flux is calculated and recorded separately, and is not added into an
electron energy increment.

A detailed step-by-step explanation of the calculational procedure
along with computer flow charts is given in Appendix I. A copy of the
program is also given, and representative data is given in Appendix
1T.

Program Checkout

After the computer program was debugged of simple errors, a check
of calcuated versus published values for each of the three interaction
mechanisms was made. For a checkout of the photoelectric scattering

equations, values of calculated cross section were compared to those

16

of Davisson.°T For photon energies of 0.04, 0.10, 0.662 Mev, the differences

between Davisson's values and the calculated values are 2.5%. 0.9%,
and 5% respectively. In the present calculations, only photon energies
greater than about 0.1 Mev are of interest, and the cross section is

down by a factor of lO3

at 1 Mev, thus the region of significant
contribution is also the region of very close agreement by the calculated
values.

For calculations at the three values of photon energy of the graphs
given by Davisson for Compton interactioneg, the calculated values do not
depart by a detectable amount from the curves of Davisson.

Calculated pair production cross sections for photon energies of
23

4 m.oc2 and 15 m.c were compared to the values taken from Evans ~.

Agreement was observed to within the accuracy of the graphical technique.

2lDavisson, Ibid., Appendix 1, p. 833

22Davisson, Ibid, p. 57

23 Evans, Ibid, p. Tok.
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Calculations for Several Photon Sources

Using the SCATTERSHOT IIlprogram, calculations were made of the
electron flux and spectrum in silicon for 250 Kev photons, Csl37, Co6o,
Nagh, and fission gammas. The calculations were normalized +to one
Roentgen: based on the flux producing one Roentgen (Tables 1 and 2),
the corresponding values of photon flux and spectrum weight are given
for the various photon components.

An electron energy increment of 0.0l Mev was used, and the number
of electrons in each increment was calculated using cross sections

calculated for the mid point energy. These computer results are given

in Appendix II. The results are presented in terms of differential
electron flux versus energy in Figures 2 - 6.

Note that, as mentioned earlier, the Compton effect dominates the
electron production. The smooth Compton curves peaking at the maximum
electron energy corresponding to each photon component are disturbed
noticeably by pair production only for the Na.24 curve. For each source,
the one photoelectron peak occurs at an electron energy greater than the
allowed Compton maximum, thus is possibly important in experiments
such as displacement threshold determination. For silicon, photoelectric
and pair production electrons would be dominant only for very soft or
very hard incident photon spectra. The "saw-tdoth? electron spectrum
shown in Figure 6 for incident photons having a U235 fission spectrum
should instead be a smooth curve. Because a single representative
energy was used for each of the thirteen energy intervals of the incident
fission photon' flux, a non-existent Compton peak corresponding to each
is calculated. This irregularity could be minimized by decreasing the
photon energy interval size, i.e., by increasing the number of components
in the energy breakdown of the incident photon spectrum. The dashed line

in Figure 6 is an estimate of the actual electron spectrum.

Review of Results
Although the final obJjective for this study is the calculation

of displacement densities, the results of this first phase of the study

are informative. Results of the computer tabulations (Appendix II) for



Table 1 - Energy Analysis of Monoenergic Spurces
(Calculated from data in Rockwell, Reactor
Shielding Design Manual, page 20)

Source Photon Energy Normalized Spectrum Photons per
(Mev) Weight Roentgen cm
Idealized 9
X~-ray 0.250 1.0 T.20 x 10
Machine
cs37 0.662 1.0 2.56 x 107
0060 1.173 0.5 1.59 x 109
1.332 0.5
Naeh 1.380 0.5 1.10 x 10°
2.758

18

Table 2 - Energy Analysis of Prompt Fission Gamma Spectrum

(Calculated from data in Rockwell, Reactor Shielding

Design Manual, page 34

Photon Energy,h» Photons per fission Normalized Spectrum
(Mev) in % Mev interval Weight
about hy~
0.5 3.1 0.443
1.0 1.9 0.272
1.5 0.84 0.120
2.0 0.55 0.0789
2.5 0.29 0.0415
3.0 0.15 0.0214
3.5 0.062 0.0089
4.0 0.065 0.0093
4.5 0.024 0.0034
5.0 0.019 0.0027
5.5 0.017 0.0024
6.0 0.007 0.0010
6.5 0.004 0.0006

Photon flux for one Roentgen = 1.73 x 109 photons

C




19

Electron Energy, Mev

} t
i isaans | T
aiks hERat T o3
a5at SRGNS SHEEE r
! LR R
x T ] T
t IR ) m,%
RGNg i
- re Vl’q
5 a)
o o I 1
n o CEITHTITE
> o fighake e
=
L
2%
moE L :
g s :
8] w
48 o 110
£ 0 0 ;
RS it s et T
I e H T
=l Wc o]
TE O
28 ¢
Bg o
g 558 M T
o P ; i
H o ¥ 8
= ot G »
P AK O
4
1
H
-
] s IaERanERE.
3 e eRaE Gl 5050
e Bi RE ReRn
- R sndn s
ifRRlIRCaR SRSE NN rbiy
T 1«4
L Tkt 1t ; {4
~ L w0 - o ™

SNOISIAIQ OPl X §3TDAD €

.OUIM.IU‘JHL.‘:H!
DINHLINYDOT- INIS oM

19




10

10

N - T 2gn S ™ T T
i : F i it s 4 i ; !
1 # i IR i _
et T - . -
ERE S s g S 1 s ae Nl N : 4 b
0 i 1 B S ik s e g | L : i B ] i
EEGSSNEE = B S S B 1321 138 Iz ISR B R8s B3N T 1r
3 S i st H i8e I SRA] pRaaE Anmal S
) T T - 8 weEE aum .
iHHH p41-] 4 B . LLLES .
( 14 i . ~ 88 BEE PSRN [ L1
m .\IHT.. F r “ [ R e 1 1 | 4 11 I yy
i B mmmmm o m B 50 R e ias TR
T ANgNE ANNAS W - T T
1 11881 {6451 Saaes RS > guks SRaRN T
! + Rats SURAS 1
N T u o § B! 1 pan
il aiter e g 8 i 1
! T m T
] t =l :
o san
. IR
4+ O 1] HHH
§ - i
] 1
~ P ;
[E2 [ ¢] F b F
i o] . T
} ~ O H
: © 8 ——
! Hv. ! 1 T
T 1
I el
I I
| ER ] + t
: O+ T e un
1 T Gy i
: | 3 98 i
} FH ¢ 4+ ° -t B tH B
‘ T ge [apycal 3¢ »
T ' S AT F
h
an T »
L ! w T
: "
=e =y sagauge = o s
Wi pbe
: A e
e &
}
)
CHeH
14 T Mw
: 7k
+ +
} LT I
< : S
T 1 M ) T s
¥ { 4 : A
Jiks i i t T
T
L
2.
TRYLFY
+ ; 1 MJ - B ~
1 1 a m . u._ 1 INEAS BRN [y
T gag haw
i8] dieqs tacn eee M _
ppy agm T g
{ISHY SRR ua | : H
= 1 i
¢ ] 1 T ! asf dna ! g ol Sl e
" ) N L M B D A
L]
P,
R slo ® ~ © " - o o~ S
. frd o ® K @ [ - ™ o~ -
® ™ ~¢ w - - ~ =
-
.
SNOISIAIQ OP1 X B3TDAD €
.

.<m:z_un<x .ouzu-ul._u.::ux N x
€L-6G€ OINHLINVYDOT-INAES

Electron Energy, Mev




HHHH o M SRR3t AsRnE ol M 1
~ ] —--
o It . agunn ]
. g Al R EA KA b
T 2 g T
1 : TH
.mv L SR sk T Hm
[ u ] 84 bl | i
ey T tEn
B g~ . ] Hr il fedt
1 o + T e -
3 H R H+ - T
£ 0 HHf .
% f QUO I .44 I
> g ; Tt
- B o ] 123
O - B
TR L
t : o= ﬂm [o N} “H
T + S e bt
; = Fg i
EREH RA RN 1 T
5 &S &
| ab 8 +
G~ O 543 A0 L - 1+
et oo Ho o 109 S4B :
I = AM[ o Be1 IERRSARE
1 : . 4 . r = al H
! i
! | }
t - v g gan T -
I T r
7 = 1 1
m i EREEESE= Tl m
} - r 1
3 0 0 A ~
} - mm i " i G2 3 >
__ g r Ga
358 S2kin dew
: o - B4
3 ol
I e - " & I r
- + L o .u. R 402 -
. q ..u. . e
it : R : R
M = yot Ens . © i e - o i 3 L
i M o £52 =t i R
fo) i 4 | 5
1 ___. ] { 1
g isesa; i
i : 11 ; 1 H
! ! ] H
) SHEN1 NERR ON I ipass I ansaEER/
. v T ,: 1 = w ! sea )
i $fa58 fARR op Sl i ;‘MHJ L TH ! !
i 18 (D4 dBauR BRGEH sl 1o 5 H
~ . @ 0 N sen ° h “
o @ g~ " - m o - o -
SNOISIAIO OV X S83TDAD €
, N VS N NI3GYN ‘0D NIASHT ¥ 1XJANAN w
€L-6G€ JINHLIYYDOT-INIS x
L] T

Electron Energy, Mev




11y e SO ol s
i g T , Ti1e +
r . T " : e - e
SeEu ) H- ]
N W - ¥ B I
=} - - - =t
n o
: > .Wo b gl FETT IS 08 e
t - il BESS Rummm i 11 [ Hhadl bt ”
o 58 ; it R e E D T =
ERS = m H: SASEESAESR EERgasRaan : St l -
- il At RS aaR S
£ o i 1 T g Eals H
] oM i by 1Tt 11 N 1 ~
+ O + - -+ - - - o - "
k o & B (8 TR R JRREE T “
1 O ' f FLiH isa i : . "
: m mm f H L i - b & ‘.. B | 238t aaans as
= ~rit - : - -+ -
© h -1l H] 38 H B ekl "
ﬁ i N e i o
[Ta [e i« i -
T [OXNe] a8 >
' m H R > eszacs td + =
17, O + I . 1 Y A o 1 3
T (1 -} o A
i G O 1 2. Y. » -
. | = - e .
: GESd ERsas sEs : At 3 i o~
BNG. hi - HHHHH i 2
Sk SRENR G I " i hant RRued A I T > &3 > 3
SRR S H i35 1 - ¥ e ¢ - v
¥ R ] [ o
H Fr S "
m o
- + - - - g N ,Uwﬁ A ad ) Bl &
ANAuN - I LT
{ a
i i i .
T !
T T “y
» ¥ - ca
& Xl ¥ “.‘A‘ . ]
Ladod - s 1
™ n
ki Xl "
o g
j v
,;xﬂ T hild . L.
H N 4
-
N | I
- 3. 1
iu, o " . -
I  yod x ]
- o
: g !
T 13 L ‘J_ C m
r B i
{ N SN NN
i - 1 -
- ) 1 T
: $ ' T o wv - 1 * .. 1l & p—
. e i 11868 i it :
~
o W~ © n o~ -
. ~ [ - ® o~
= w - "
i
‘ \ SNOISIAIQ OF! X S§3TIAD €
. YOS 0 NI ZAVN TOD WASED ¥ 1R44NIN w x
€L°6GE JINHLINVYDOT- WIS
] 3 ’ 1 L]

Electron Energy, Mev




23

Electron Energy, Mev

b E
i
li m
-k
I i, =n 2
_ y HH
.o ; i H
n o P o "
Y .Wo So ,E aas ”
58 5 ]
1 il -
Q £
He 5 | ! ‘a i
= I
4 | i i
P mﬂm— m ”& #m.l
i &)
R !
= m wf a "
T o] T (1 =
o E g m i 1
w588 uili t
O+ i
R, ooy . E‘m
B oo * '
Eoed e G i H
L RoAmM o g T :
| i “ e
H _ H *
hii & I 3
I
i e
ﬁ 8
" " " :
M1 .“ 1 ——.
I I
Ii I [
I % ] ]
I . il !
"
™ 1) 4z v
* i !
_ Ll i
; " E J
~ |4 - 4 “
1552 SUR} t m * 1 HTHITH
g ST S E " |
[ '] }57 e N - ] ¢ o~ M~ O oW - (] o~ (- ] ~ & - -~ N MO N -« o~
ADW cSWD ‘XNTJ U0I}OSTH TBTIUSISIITA

BNOISIAIQ OL X 837DAD @
SUOQJIJ09TH 80 NI BAYN ‘0D NISSI ¥ T2JININ NQY_

16-6S€E JINHLIMYDOT- INES




2k

] = Re =
| &) - b _— 4
: T F
g 5 : HHFHE A
S AR = @ ™
o | = 3 ~
m " m ﬂ B [\
L L+
A o & V4 & g =
s . o [ = o
= w4 &
B D o T~
ncw pd 0 =t
B 5
N — _Wc“ —~
Q > =
] e
|
o
2 o)) ) @ t~ Ne) v = o @ =
: | .
2 3 3 | 9 9 q 9 9 g
JASH - omo AQY +oWD
mmwmﬁmam ‘XnTd wox3odTH TBTFUSISIITA %@. fXnT4 UOI309TH TBTIUSIOIITA
2 8
& - m
A | ™ § 3] A
= 5 = & =
: : 5 % 2
= ? o 2
~ K H
& m g 3 o
3 5 -
o 3 o
S . P i
. N o -
5]
[I >
\\
© o
~ o o "
= — (¢ e} - 3 an 0 b -
9 9 g R 9 g 3 5 9
’ . ASY WD ‘XMTJ UOIIOSTH TBTIUSISIIIA
AW 222 ‘xnTg UOx309TH TBTIUSISIITA SuoJ3.09TH

SUOIFO9TH

Electron Energy (Mev)

Electron Energy (Mev)

in Common Sources Compared to Fission Source

FIGURE 1 - Electron Flux and Spectrum from one Roentgen



25

electron flux and spectrum are summarized in Figure 7. The electron flux
curve from the fission gamma spectrum (Figure 6) is super-imposed on
each curve to facilitate visual comparisons. Values at points of interest

are given in Table 3.

TABLE 3 Summary of SCATTERSHOT III Results

Photon Photon Compton Photoelectron Compton,Pair
Source Energy Edge Flux of Energy Electron Flux
(Mev) Energy Photon Energy with Energy
(Mev) (elec. /cm2+R) 7 0.145 Mev,
(elec /em? + R)
250 Kev 0.250 0.124 2.3 x lO7 0
Photons
cs 37 0.662 0.478 5.3 x 107 3.4 x 10°
o 1.173 0.963 3.9 x 1oﬁ ‘
1.332 1.118 2.8 x 10 1.9 x 10
Nagl‘ 1.380 1.164 1.8 x 1013* 1.1 x 106
2.758 2.524 3.4 x 10

In the first section of this report, a minimum displacement
threshold by electrons of 0.145 Mev was reported. From Table 6, it is seen
that the Compton flux from 250 Kev photons has a maximum energy of 0.124
Mev, and cannot produce displacements. The only electron component from
250 Kev photons of sufficient energy to cause displacements is the 2.3 x lO7
electrons/cm?°R photo electron flux of energy (0.250 Mev - electron binding
energy). Note, however, that the photoelectron component alone is greater
than six time the total electron cbmponent of any other source. The significance
of the knock-on collisions as displayed in Figure 1 now becomes apparent,
since the data in Table 6 would infer that Roentgen-per-Roentgen, the
lower energy photons are more efficient for displacement production.kThat

2

this is not the case is indicated by reported experimental results.

An alternate explanation for the greater effectiveness for damage

24J. W. Cleland, R. F. Bass, and J. H. Crawford, Proceedings of the Tth

International Conference on Physics of Semiconductors, Vol. 3, Academic
Press (1965), p. 4O2.
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production by higher energy photons discussed by Cleland, et. al., is that
the natﬁre of the defect formed might depend on electron energy. The

lower energy electrons might be producing large numbers of defects,

but of unstable types which might anneal at low temperature. Although

the measurements cited were made at 77°K, the irradiations were

conducted at 40°C.

Very large discrepancies ( ~ 2000) between predicted and observed
displacement rates are reported by Cleland, et. al., for low energy
sources as Csl37. Additional experiments. using the large photopeak
electron fluxes from various low energy isotope photon sources might
be used to explore displacement producton in the low energy range.

With regard to the applied practice of simulating gamma radiation
effects damage from fission spectra by using isotope sources, the
possible uncertainty is apparent. Certainly the Roentgen-per-Roentgen
comparison commonly used could result in underestimates of radiation damage
in silicon by factors of 1000 or greater if low energy isotope or x-ray
sources are used for the irradiation testing. An analytical method for
correlating data between sources will require additional clafification
of existing concepts of the electron-produced displacement process. The
next phase of this program will be an investigation of this process.

An alternate approach to the-applied problem not requiring an
extension into areas poorly defined at present, would be to use
combinations of isotope sources to stimulate the electron spectrum pro-
duced by the fission (or other) photon source. It is the secondary
electron flux and spectrum, not the incident gamma flux and spectrum
which must be simulated in radiation damage experiments. Thé required
intensity from several isotopes could be calculated using SCATTERSHOT III,
10 match the.electron flux and spectrum calculated for the photon
spectrum of a mission source. Thus the radiation damage inside a semi-
conductor device in the isotope-combination source would accurately
approximate that from a mission gamma flux and spectrum, regardless
of the complexities of the electron-nucleus interaction or of subsequent

defect motion.
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APPENDIX I

The SCATTERSHOT III Program

Figure 8 shows a flow diagram of the computer calculation proce-
dure. Although the immediate interest is in silicon, atomic number was
left as a parameter which may be varied within the limitations to low
Z for the photon cross section models used.

Referring to the numbers on the flow chart of Figure 8, the steps
in the program are:

1) Read in the values of atomic number and atomic density from

the first data card.

2) Read in one set of values of photon energy, photon flux, and

spectrum weight. When no more sets of values (i.e., data cards)

are available, transfer control to lable STOP which terminates

calculations.

3) Write headings to show the set of values from step 2 for

which calculations are being made.

4)  Calculate and write out photoelectron flux in the sample for

the given input parameters. The calculation is based on the cross

section equation of Platt, equation 5, and is shown in the flow
chart of Figure 9. The first five calculations are relativity
constants used later in the calculation, and AZ is the fine
structure constant. Photo-electron flux (PEFLX) is calculated

using the cross section (TAU). Although not shown in the flow

chart, the ratio 1.09 of all photoelectrons to K shell photoelectrons

for silicon is included as discussed earlier.

5) Calculate and write out the maximum energy (TCMAX) of Compton

electrons for the given input data set. The differential Compton

electron flux at TCMAX is also calculated and written.

6) Test to see whether the photon energy is less than the required

1.02 Mev required for pair production. If YES, proceed with calcula-

of Compton electron flux only; if no, begin the calculation of

Compton and pair production flux. Both processes give a spectrum

of electron energies, thus the pumber of electrons in equal inter -




vals of electron energy are calculated and written versus the mid
point energy. ‘

T7a) These steps represent the calculation of Compton and pair
production electron flux for electron energies from zero to the
maximum for pair production. The calculation is repeated for each
electron energy increment, and the accumulated flux for that
increment is stored in the array, SUM [I] . The procedures for
Compton flux (CFLX) and pair production flux (PPFLX) given in
Figures 10 and 11 are straightforward application of the cross
section equations (3) and (5) developed in the section on photon
interaction models.

To) Calculation of Compton electron flux is continued from Ta

for electron energies greater than the maximum possible from pair

production. For all values of incident photon energy, the difference

between the photon energy and the Compton edge is less than 1.02,
thus TCMAX (by - 1.02).

8) The alternate path to Ta and 7b is the calculation of Compton
flux only for photon energies less than 1.02 Mev, the pair produc-
tion threshold.

9) The index of the array is reset to zero before returning to
START (Step 2) to go through the complete calculation for the next
photon energy component.,

10) If no more values of photon energy are available, control

is transferred to STOP to terminate the program. The electron flux
values for the last printout of the array sum [I] , labeled
Running Total Electron Flux, is the total electron flux in the

sample.
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"PROCEDURE" PEFLUX

!

AIFA « (HNU / 0.511)

A 4
BETA « (SQRT (ALFA X (2+ALFA))) / (1+ALFA)

¥
RC« 1 - BETA X BETA

RC12 « SQRT (BETA)

RC32 « RC12 *3

l

A« Z / 137.04

Y
Kl ¢ (9.9791@-25) X Z X AZ*(2+2 X SQRT (1-AZxAZ))

i
K2 « 4 x (AZ / BETA) x ARCTAN (SQRT ((1-Az) / (1+AZ)))

MBETA « (4/3) + ((1 - 3xRC12 + 2xRC) / (ALFA x RC12)) x (1+
(RC / (2*BETA)) x 1n ((1-BETA) / (1+BETA)))

\

NBETA « (1/ BETA*3) x (-(4 / (15xRC12)) + (34/15) - ((63 x RC12) /15)
+(25xRC) /15 + ((8xRC32)/15) + (RC12 x ((1- 3xRC12)
+(2xRc)) / (2xBETA)) x m((;—BETA) / (1+ BETA))))

:

TAU « KL x MBETA X (L + (3.14159 x AZ) x (NBETA / MBETA))
x exp(-K2) x (ALFA * (-5)) x ((BETA*3) / RC32)

v

PEFIX « TAU x GFLX x SPEW x ZDEN

T
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PROCEDURE SRCFLX

BEGIN

=

SIGMA ¢ (4.882 @-25) x (2 +((TE7 (IU-TE) )*2) x (1/(ALFAXALFA)

+ ((EU-TE) / BW0) - ((2 x (ENU-TE)) / (ALFAXTE)))) /
(ALFA x ALFA)

.
CFIX €« SIGMA x GFIX x SPEW X Z x ZDEN x ATE




BEGIV

- >

PlL € (2 / ALFA)

'

P2 @ (2/(1-P1xP1)) x 1n(ALFA/2)

!

P3 ¢ (1/ SQRT(1-P1xP1)) x 1n((ALFA/2) + SQRT(((ALFA/2)¥2)-1))

!

PBHX <« (1-P1) x ((((h-Plel)]x (P2-1))/3)-(P1xP1xP3x
(P3-1)) - (P1¥k) x P3 x (P2-F3))

¢

PTR«-TE/(HNU - 1.02)

I

Ph € 2 x SQRT(PTR x (1-PTR)) l

3

TERM € 0.135 x (PBHX- .52) x (1-PhxPh)

KAPPA « (AZx Z x T.941 @-26 x KAPPA « (AZ x Z x T7.941 @-26) x

P4 x (1L + TERM)

PBHX x Ph

|

|

PPFLUX:

y

PPFLX « KAPPA x GFIX x SPEW x ZDEN x (A TE)

X _
END

PROCEDURE PPFLX
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APPENDIX II: Data from SCATTERSHOT III Calculations

FOR:

-250 Kev Source

-Csl37 Gamma Source
60

-Co Gamma, Source

-Nagu Gamma Source

- Fission Gamma Source

34



SUATIENSHUT 111 = a4 dA=550U0 PROGHAM FUR CALCULATING PHUTUELECTRICACUMPTON, AND PAIR FLECTRUN FLUX AND SPECIRUM

Cay CULATTIN FUHs LAMMA FiuXe 7,200€¢09 PHOIONS /(SQ.CM.I(SEC,)

GamMA ENERGY® 0,250 MEV
SPECTRUM WEIGHT= 1,0000¢00

THE PHOTUELECTRUN FLUX 1S 2,303€407 ELECTHKONS/SW,.CM,

THE VALUE UF. TCMax IS 0,128 9EV

THE JIFFERENTIAL ENERGUY FLUX AT {CMAX IS 2.6508+408 ELECTRONS/SQ CM

EvCIDENT #ROTON EnERGY IS LESS THAM IHE PAIR PHOUUCTION THRESHOLD

LLECTHUN ENERGY CUYPTUN (TOTAL) FLUX RAUNNING TOTAL
(MEv) FLECTRUN FLuX
0ev05 2.047¢408 2+0478408
0,v15 1.87308+08 1878808

. deu25 _ 1. Z160:D8 147168,04 I
0,935 1.56684+08 15668408
Jeas 1.8349+08 1.43a0,08
04055 1,3250408 143258,08
D.vb5 1,249€408 102498408
0,075 1.221€+08 12210408
Q985 . 1.2578408 1,25784+08
0,085 1.384#408 1+38a88,408
D105 1.6330408 1.638€,08
Jel15 2.071€4+08 20718408
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CSCATTEXRHUT TIl = a 8

Y

Ca CuLATION Fuxy ~

CTHE PHOTURL

=5500 PROGHAM FOR CALCULATING PHOTDELECTRICsCOMPTONs AND P2IR ELECTRON FLUX AwD S2EC14uM

GAMMA FLUX® 2,56008409 PHNTONS /7(S5Q0,CM.)(SEC.)
GAMMA ENERGYs 0,662 MEV
SPECTRUM WEIGHT®= 1,0000400

ECTRUN FLUX 1S 5,3118405 ELECTHONS/SW,.CH,

THE VALUE
THE JIFFERE

_ _INCIDENMT PHOTON

UF TCHAX IS 0,478 MEV J .
NTIAL ENERGY FLUKXK AT TCMAX IS 2.0940¢07 ELECTRONS/SQ CM

EnNERGY IS LESS THAN 1HE PAIR PNODUCTION THRESHOED

ELECTRUN ENERGY CUMPTUN (TOTAL) FLUX RUNNING TNTAL
(MEY) _ o e ELECTRUN FLUX
0,JDS 1.0768407 10768407

.._0.U15 1,0638407 . 1+063¥407
D.U25 1.0518407 10518407
0,935 1,0388407 e o 10388407
0,v85 1,0268+07 10268407
04955 1,0138407 o ) . 1.0138407
0.U65 1,0018407 o 10019407
0ev75 9,8850406 948858476
0,uH5 9,7638406 Fe7838406
0,Y95 9,6838406 B 96430406
0.105 9,5238406 - T - 945230406
0.115 9.8058+06 L 94058406
0,125 9,2908406 T ‘_' 942900405

04135 9,176€406 Fe1768408
D.185 9,0658406 F.0650406
04155 8.9568406 o o 39568406
0,165 8.8518406 BeB8518406
0,175 8,7508406 o . Be7508406
0,185 6,6538406 8065310406

0195 - 8,561#+06 Be5618406
0,205 B,4758406 Beu7584+06
04215 A,3950406 o o Be3950406
0,225 B.32284006 843220406
0,235 8.2588406 . o o Be2588406
D.245 8,2038406 B8.203€406

. 0,255 8,1590406 801598406
0,¢65 5.1280¢06 8,1288406
0,275 d.1118406 Be1118406
0.¢85 8.110P606 T Be110@406
0,295 8,1288+06 Be1280,406
04305 8.1640+06 I Be168€,06
04315 8,2330406 Be2330406
0.325 65.3260¢06 843260406
0,335 8,4530406 N . ] Be4S384N6
U345 d.6188¢06 - T/ T Be6188406
04355 3,82a0406 B+8288406
04385 9,091@e06 - T 940918406

0,375 9,4160406 94168406
0.385 veB130¢06 B 9.813P406
0,395 1.,0300¢07 e 10308407
0,405 1.,0888407 10880407
0e415 1.159€407 161598407




12448407
13478407
1e4718407

153048407
20278407

. 0425 1.284488407
. Uet35 103470407 N
. . 0s445 1.,8719407
Je459 1,62180¢07 1e6218407
Ved85 1,8048407 - -
Veur5 2.,02704+07 .
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§CATTh“54Ul 111 = & 825500 PROGKAM FDOX CALCULATING PHUTOELECTRIC>COMPTONs, AND PAIR ELECTRUN FLUX AW SPELTduM

CALCULATI IN FUR?

GAMMA FLUX= 1.590@¢09 PHNTONS /7(S5Q,C
GAMMA ENERGY® 1,173 uEy
SPECTRUM WEIGHTs 5.0000-01

THE PHOTUELECTRUN FLUX IS 3.8768408 ELECTHONS/SU.CH,

MeJTSEC,)

THE VALUE UF TCMAX 1S 0,963

THE JIFFERENTIAL ENERGY FLUX AT ICMAX IS 3.,088P+06 ELECTRONS/S@ CM

o ELECTKUN ENFRGY

CUMPTUN FLUX

PAIR PRUDUGTIUN FLUX

PARTIAL SuM

CRUNNING TNTAL

(Mev) ELECTRDN FLUX ELECTHON FLUX

0,005 1.068¥406 6.,5668402 1.0698406 1.0690,06
0,915 1,0648406 - -1,0980403 1.0660406 1406468406
0,v25 1,0618406 1,3649403 1,0628406 10628406
o 0,035 - 1,057@4+06 1,5420403 1,0588496 140588406
0,085 1.0536406 1.67TAP+03 1.,0548406 10548406
UeU55 1.04Y8406 __1.766%403 _1,0518406 10518406
0,J65 1.0458406 1,8170+03 1.,0470406 10470406
0,U7Ss 1.0818406 _1.8358403 o 1.0838406 10830406
J,UB5 1.0388406 1,8208403 T 1.,039@408 100398476
s 0,995 1.0348406 1.7728403 1,0368+40¢ 10368406
0,105 1.0308406 1,6800403 1.0328406 T T1.0378,06
0,115 1.027#406 B 1.564€403 . 1.,0288406 1.0288,06
0,125 1.0238406 1,3850403 1.,0288406 100288406
2,135 1.0198406 141290403 1,0210406 1¢021€406
0,145 1.01604086 7.16R8402 1.0178406 10178405
. ._ ._D4155 1.0130406 1.01368406
04165 1.0090406 10098406
04175 1.0068406 R L 100684056
0,185 1.00284+06 10020404
0,195 Y.9920405 o - 9.992¢€405
0,205 9.9600405 99608405

0,215 9,9298405 9¢9298+05
04225 9.8988405 Fe8988,405
0,235 9.8608+05 B o o B . 9.8638405
0,245 Y.5398405 9¢3398.05
0.255 Y.8108405 e e 948108405
0.265 Y,7828405 9.7828,05
_0.275 Y.7554405 947558405
0,285 Y.7298405 947298405
0.,¢95 Y. 7048405 o e 9.7088,05
0,305 Y.68U8405 9.5808405
D315 Y.6560408 o o 9¢6568405
0.325 J.06342405 9.6340,05

_ 0,335 J.0138405 96138405
0,345 Y.5938405 9.593#405
0,355 Y.5788405 e e 9.57a8¢75
0,365 9.5578405% P.5578,05
0,375 Y.5818405 o . 9+5410405
D.385 Y.5260405 945266405

0,395 ¥.5138405 945138405
0.405 Y.5028405 945020405
J.415 9.4928+05 e _ o 904928405
0,425 Y,48408405 QeaBae,n5
0,435 Y.4758405 9.4788405




LUGE

iR

(13

Ds,4ae8 Y.4T48405 VeaT7a®end
3,455 Y.a722405 o B Pe4728405
D.465 9.4736405 9eiu738405
0eu7S Yo4T68+405 o e ulh®sns
Je485 9.4818405 JetiH104n5
0.495 Y.490w405 N A_ - YelyDmeny
04505 ¥.5018405 N B - 945018405
Ved15 ¥.515%405 ~ 9+5158405
0.325 ¥.5338405 - T 95339405
04235 9.5559405 L 9555405
0,585 . ¥.,58U08405 9e580%405
0.555 9.60984+05 . N o o o 9.6098405
04365 ¥,6438405 96438405
Vo575 Y,6820405 o o 9.6828405
0.58% ¥,7250405 947250405
0,395 Y.7758+05 97759405
0,605 v.8308405 9.8308405
04615 9,891€405 e o 948918405
0.625 Y.9598405 9+9598405
04635 1.0038406. ~ o R 1.0039406
0.0645 1.0129406 10128406
04055 1,0218406 1euU21¥406
D665 1.0310406 1.0318406
D.675 1.0420406 o o 1.0428406
0.585 1.0558406 1.0558406
0,695 1.0688406 o L 106808406
0,705 1.08304+06 140838406
0,715 1.0990406 1:0990406
0.725 1.117€406 1.1178406
0.735 1.1378406 e o 11378406
0,745 1.1588406 1+1588406
0.755 1.1828406 11828406
De765 1.2088406 - o 1¢20B8,06
Ve /15 1.2308406 162368406
0,785 1.2678406 1.2670406
04795 1.3020406 o 103028406
D.305 1.36408406 13808406
0.815 1.,3820406 . ~ _ o 1038268406
0.4825 1.42088406 18288406
0,535 1.4799406 144798406
0.385 1.5368406 1.5360406
0,855 1.6000406 o o 1.6008406
0,865 1.6702+06 - 0 1.6708406
0,875 1,74%8406 o S 1.7490406
0,885 1.8378406 18374406
0.995 1:9370406 19378406
0.v05 2.0489406 240488406
0,915 2.1750406 L o o 241750406
0.7¥25 2.3188406 203188406
0,735 2.4828406 - e e B 248828406
0,745 2.6TU8406 246708406
_Devss 2.8868406 248868406
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€l

“SLATTENSHYT IIL = A 4=5500 PROGRAM FOR CALCULATING PHUTOELECTRTICSCOMPTON, AND PAIR ELECTHON FLUX ANp SOFCi4um

CALCULATIUN FUNS  GAMMA FLUKE 1.5908409 PHNIONS /(S0.CM.)(SECS)

THE PHUTUELECTRUN FLUK IS 248398404 ELECTHONS/SH.CM,

THE VALUE UF TOMAX S  1.118  MEV e .
14 DIFFERENTIAL ENERGY FLUXK AT TCMAX IS 2,6469+06 ELECTRONS/SQ CM

GAMMA ENERGY= 1¢332 wEV
SPECTRUM WEIGHT= 5,0008-01

ELECTNUN ENFRGY ~ CUMPTUN FLUX PAIR PRODUCTIUN FLUX PARTIAL suM _ RUNNInNG TNTAL

(Mev) ELECTRON FLUX ELECTRION FLUX
0,905 B.2899405 1.3820403 8,3038405 1e89984n6
U.U15 8.265%405 . . P.3558403 - B,289P+05 13948406
0,025 8,2820€405 2,9888403 8,2728405 1.8B890,06
0,935 8.2188405 3,4730,03 8,2530405 R L 148838,06
D.U45 8,19584+05 3.86458403 8,2348405 1.8788406
2,955 8.1729405 - 8,1930403 _8,2188405 146728406
0,u685 8.1699405 4,86A0403 8,194@¢n5 105668406 !
0D,u75 8.127#405 4,7009403 8,1740e05 164618406 1
0,J45 8.1050405 4,8940403 8,1548405 1485584006
0,095 b.UB38405 5,0608403 8,1338405 _148496,06
0,105 8.0618405 5,194#403 8,113#+08 148438406
D.115 B.0390405 - . 5.301@403 20020 8,0928ens 148378406
0,125 8.,0168405 5.,3848403 8,07204+058 18328426 §
Je135 7.9978405 o 5,5810403 8,0510¢95 1482668406 1
0,145 1.9768405 5.476P403 8,0318408 18208406
04155 _1.9566405 5,8878403 : 8,0118405 108148406
0,165 49368405 5.4768403 T.99084+0% 1e8088,06
0,175 .9168405 == 5,8418403 7,970840% 1.803¥416
04185 7.8963405 5,3840403 7.9508405 1797406 |
0.195 (8778405 - 5.3010403 7.9300¢05 ) 1.7920406 |
0,205 /.8588405 5.1938403 7.9100405 1.7878,06

_ 0.215 7.8398405 5,0600403 7,8900405 107820406 |
0.225 7.821€405 4,8958403 7.8700+05 17778406
04235 7.8048405 o &,7008+03 7.8518405 17728406 ‘
U.cas /.TB6&405 4,46R8403 7.8310405 1.7678,06
04255 (.7698405 . 4,1930+03 T,8118405 1.7620,06
04265 [ .7539405 3,8648403 T.7918405 17578406
0,275 7.7378405 3,4730403 T.771@405 17530406
D+ 285 {.7218405 2.9680403 Te7510405 107488406
0,295 /.7068405 . _ 2.,3530403 7472984058 1.7430406
0,305 7.691€405 1.,3828403 T.7058405 1.738P,06
Ue315 7.6778405 o o 147338406
0.325 (6648405 17308406

_ 0,335 (6518405 17268406 ,
04365 /6388405 147230406
0,355 /.6268405 . o 147200406
04365 f.6158405 1¢7178406
0375 f.605#405 . . . 147150406
0.385 145952405 17128406
0.395 {.5868405 147108406
0.405 7.5788405 17088406 N
0.415 7.,5700405 o . 147069406
0,425 {.5638405 1705406
0,435 7.5588405 o 1.7088,06




2 e

0,485 5539405 17038405
0.455 (.54Y8405 e - 147028406
0,465 {.5868405 147028404
0’“15__,,;‘_4'_,, 5448405 e 17028406
0,889 (5438405 10702%eNn5
9,495 745438405 B B 1.703%496
B.>05 7.5458405 ) T 147058476
0.515 f.5488405 o L 1e7068406
0,525 fe5528405 17098405
22233 {4557 ®+05 o 17118404
0.545 7.5650405 17148406
Ued355 1 .5738405 — L o R 1e/1R84006
04565 .5838405 1e7238406
Qed75 {«5909+05 R e — ~ Je728R400
0.385 7.6098+405 167338406
_0.2395 1.,625€405 107408405
D.505 f.6430405 1e7478406
0,615 7.6626405 e e 17558405
00525 7.6858+405 16768806
0.63% (,7094405 ) e _ - te7748406
0,545 7.7360405 17858404
. D.0655 7,7668405 _1el9YR®NE
0.665 f+T998405 18118406
0,675 7.8358405 - o e 1a5268406
0,585 {.8784405 128428406
D.5%% 7.9168405 o ) _ 18608406
9.(05% 1.9638405 T T - 18790405
0,715 8,U138405 149018406
0.72% 8,0672405 19288405
0.735 8,1260405 o _ o 194984056
0,785 6.,189@+405 197704064
04755 8,2588405 e B o 20086404
0.765 8,33200405 2+08190,06
0.r75 8.4338405 240778405
0.785 8.,4998+05 241178406
0,795 8.,593#405 L - 2.1618400
0,805 B.6938405 202098406
0.815 8.8020405 . o 242628406
0,425 5.919€405 243200406
04935 ¥,0468405 203848406
0,845 Y.1838405 2.4558,06
0,055 ¥Y.33108405 o o 245330406
0.365 Y.49U8405 - 25190406
De8753 ¥.6630+405 L o 27158406
0,385 Y.8508405 208220406
04895 1,0059406 209420406
0,v05 1.0278406 3,076@8,06
04915 1.05184006 o B N o 342260406
0.%25 1.0778406 3¢3958406
0,735 1,1058406 B o o B 3458728406
0ev45S 1.13069400 348058406
_0,¥55 1.i698406 440558,06
D.765 1.2008406 1:2068406
04975 1.2460406 o B . o ) 12468406
D4785 1.2908406 12908406
Dev¥9S 1.3308406 o o 1¢33R8406
1,905 1.3918406 16¢3918,n6
1a915 1.449€406 1044984046
1.025 1.5189406 1518%406
1.v35 15868406 - e 145860406
1,085 1.6669406 15668406
1+U53 1,7558406 17550406
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- 1,065 1.8550400 ST e e 16455¢404
* To1.975 1.,968@¢06 ’ 1sv68#406
1eURS5 2.0959406 ’ ’ - 220958406

14995 = 2.23Y8406 202399406

t.105 2.4038406 2¢4030406

1.115 2.5920408 ) e ) ) 203978406

|

&

i
z
A
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* SEATIERSHDT 111 = A $=5500 PROGRAM FOR CALCULATING PHOTDELECTRIC,COMPTONs AND PAIR ELECTRUN FLUX AND SPFCT<uM

CTALCULATIIN FURR

GAMMA ENERGYS 1,380 MEV

SPECTRUM WEIGHT= 5,0008701

GAMMA FLUK® 1,1008400 PHNTONS 705G, C%s)(SECe)

THE PHUTUELECTRUN FLUX IS 1,801€404 ELECTRONS/SW.CHM,

THE VALUE UF TCA4AX IS 1,168 MEV

THE JIFFERENTIaL ENERGY FLUK AT TCMAX IS 1.754¥¢06 ELECTRONS/SQ cM

ELECTHUN ENERGY CUMPTUN FLUX PAIR PRODUCTIUN FLUX PARTIAL SUM RUNNING TnTAL
(Mey) ELECTRON FLuX ELECTRON FLUX
0,005 5.3438405 1,0808403 5.,3540405 543548405
0,035 5.3298405 e 148458403 5,3870405 5.3478,405
0,25 5.3198+05 2.3478403 5,3380405 503388405

_ 0,035 5,3010405 2,7358403 5,3288¢05 5+3288405
0,v45s 5,287/#405 3,052#,03 S,317#+05 543178405
0,U55 5.2738+05 L 3,320€4+03 5,3068405 5,3068405
0,65 5.2598405 3.5498403 5,2950405 5.2958405
0,975 5.2468405 3,7878403 5,2830405 5.,2638405
0,85 5,2338405 3.9188403 5,2728405 5.2728405
0,U95 5.2178+405 4,0658403 5,2600405 5.2608405
0,105 5,206#405 4,19798403 5,2488405 5.2488405
0e115 5.193€405 B 442990403 5.236P405 502368405
0,125 5.1818405 4,3898,02 5,2250405 502250405
0,135 5,168€405 4,462,403 542138405 562138405
0,145 5,1568405 4,5208403 S.201Pe05 52018405

0,155 5.14368405 4,5620403 5,1890405 541898405

T 0,165 5.1318408 4,5898403 S.1778405 5L 177805
0,175 5.,1198405 __4,6020,403 5,1660405 5.1660405
0,185 5,10884+05 4,6018403 5.1540¢05 5.1548405
0,195 5.0960405 4,5850403 5.1420405 . 5416208405
0,205 5,0858405 4,5558403 S.1318405 5¢1318405

~ 0.215 5.,0788405 4.,510¥403 5,119#¢05 51198405
0,225 5.0636405 4,8808403 5,10884+05 5¢1088405
0.235 5.0538405 = 8,373%403 5.0960405 5:096@405
D.245 2.0828405 4,27084+03 5,0850+05 540858405
04255 5.0320405  4,1688403 5.,074P+05% 5,0748405
Dee65S 5.,0228405 4,0378403 5.0630405 50638405
. __Dyers 5.,0138405 3,8858403 5,0530+405 540510405
0,285 5.00384+05 3,7108403 5,0400405 S+0408405
0.¢95 8,9948405 . 3,5049403 5,0290408% 5.0298405
0.305 4,9858405 3,27178403 5,0180¢05 5.0188405
0.315 4,9778405 o 2.9930.03 _5,0070405 5.0070405
0,325 4.9699405 2.,6639403 4,9950¢05 §.9958,05

B 0,335 $.961@405 2,2530403 4,984a0¢08 409849405
0,345 4.9538405 1.7226+03 4,9710+05 8.9718,05
0,355 4,9468405 8,3938402 4,9550+408% 447550405
0o 365 4.9300405 o o T 37400405
De375 4,9338405 847338405
Ve385 4.,9278405 o T T 8.22784+05

04395 o 4,9220405 8.9220405
0,405 4.,9170405 4+9178405
0,415 4,9128405 B o o o 4.9128405
Ded2S 4,9088408 §.9088405
0,435 4,904¢405 8.9088405
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EGE

MET(®

D.485 4.901w405 Ge901®eNY
0.455 4.8968405 o GeH9RBENS
2.455 8,8968405 ’ - GenYAELNS
Ds475 . _A4,895w+05 443950405
0,485 4,8940405 48948415
0,495 ,8948405 o 4eb90#,405
0.505 4.8940405 Ge304@4n5
0315 4.8956+05 o A.B958¢0S
U525 4,8978405 45978405

0535 4,9008+05 B 4.5008405
0349 4,9030405 B 449038405
0.555 4.9078405 9078405
0e565 4.9128405 o T - 809128405
De375 4,9188405 o - qe9180405
0.58% 4.9258405 847250405

04395 4.,9348405 49388405
0.605 4,9438405 - qe9u384n5
0.615 4,9538405 e - 449539405
0,625 4,9648405 409640405
04635 4,9772405 . - 8.9778405
V.545 4,991w405 409918405

0,055 2.007¥405 5¢007#+05
D.665 5,0248405 - 50248405
Det75 5.0420405 o o o 5,0628405
0,585 5,0638405 560638405
0695 3.0850405 o o 500850405
0.705 5.1098+405 S¢10984+05
Def1d 2,1349405 o 541380405
0.725 5.1628405 5.1628405
0.735 95.1938405 - _ N o 5,1930405
0,745 9,22598405 502258405
04755 5.2608405 L . R 502609405
2./65 5.2986405 502988405

L 0lrT5 5,3399405 543390405
0./85 5.3834405 5.3838405
2. 795 5.4300405 o o 5S¢4308405
04505 5.4808405 5S.4808405
0.515 5.5358405 S L 505350405
0,825 5.5939405 B 5¢59384+05
0.8935 5.65668405 505568405
0,545 5.7238+405 N YY1
U855 5.7968405 . B o ) L Se796€405
0,965 S.6T4#405 5.8740405
0.875 5.9568405 ) o o 509580405
0.885 6.,0482405 6+0488405

_D.0895 6,1459405 601458405
0.905 6,2508405 6.2508405
0.915 6.3629405 L o 603620405
0.¥25 6.4840405 6.48884+05
0.%35 6.619¢405 o N - 6+6158405
0e¥45 0.7578405 647578405

_.Da¥5% 5,910#8405 69108405
D.965 /.0778405 7.0778405
0,975 /.25(0405 L B 7.2578405
V.¥85 T,4520840% 7.4528405
0,795 7.6659405 N o _ 76658405
1.005 1.8968405 78968405
1aev13 ~ 8,1498405 _— 81498405
1.u25 6.4258405 B8.4258405
1.v35 8.720(8405 o o o 847278405
1,045 9.0560405 9.0588405
14055 9.4238405 9.4238405




i
.. 1,965 ¥,.825¢405 T T - ) 9,5258,05
1,975 1.0278406 . 1.02784056
1,J85 1.0708406 T T 10768406
1,995 1,131¢406 o 161318406
1,195 1.1928406 1.1978406
1,115 1.2608406 o o - ~ 1+2608:06
. 1.125 1.3378406 1433708406
; 1135 1,42490406 o L B 164240406
1,145 152284006 T B T T 105228406
_ . 1.155 1.6348406 o 146388406
s -
>
I
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CALCULATIIN FUng

ELECINUN ENERGY

GaMMA FLUXz 1,1000¢09
uAMMA ENERGYS 2,758

PHNTONS /05Q,CM. JUSEC,)
\ ENE 5 MEV
SPECTRUM WEIGHT=E §,0008=Dy

THE PHITUELECTRUN FLUX IS 344048403 ELECTRONS/SW.CM,

THE VALUE UF TCWAX IS 2.524 “EV
THE JIFFERENTIAL ENERGY FLUK AT [CMAX IS

CumPruws FLUX

PAIR PROUUCTIUN FLUX

749568405 ELECTRONS/5Q CM

PARTIAL syM

"SEATTENSHOT II1 = A +=5500 PROGNAM FOR CALCULATING PHUTOELECTRICCOMPTON, AND SAIR ELECTRUN FLUX AND SPrCTwUM
.5 ,

RUNNING TITAL

(MEv) ELECTRON FLUX ELECTRON FLUX
DL, UDS 1,3398405 1.8618403 1.358@¢05 607118405
0,U15 1,3380405 3,227@+03 _ $,3T08405 6.71H8405
0.025 1.3378405 4,1658403 1.,37984058 67178405
DL035 1,3368405 4,9228403 1,3868405 . 647148405
0.045 1.3368405 5,5738403 1,39184n5% 647000405
0,v55 1.3358405 6,1500403 143968415 647020405
0,965 1,3348405 6,6728403 1., 4019405 606968405
8,UT5 1.333€405 7,1518403 1,4058405 645888405
D.UBR5 1.3328405 7.5958¢03 1,8088405 5.5808405
0,995 1.3318405 B,0090403 1,8120405 68720405
0,105 1.3319405 8,3988403 1.,415@8495 646638,05
0.115 13308405 8,7658403 _ 1.4180405% 6.6540,05
0,125 1.3296405 9.1128403 7 1,4208405 6456458405
0.135 1.3288+05 _9.481P403 . 1.8238405 606368405
0.145 1,3288405 9,7558403 1.84250405 646268405
0,155 1,327/8405 1.,005@404 1,8280405 L 6.617€405
0,165 1.3268405 1.03a0408 1.4308405 ) 6.6078405
04175 1.3268405 1.,0628408 . 1.8320405 65978405
0,185 1.32%#405 1,0880408 1.4348405 65888405
0,195 1.3288405 - 1.1132408 1,4368405 6.5788405
0205 1.3248405 1.1370404 1,4378405 6.56B8405
0215 1.3230405 1,1612¢04 1.8399+05 65588405
0,225 1,3228405 1.1838404 1,8818405 65.5480,05
0,235 1.3228405 1,2058404 _1.8828405 6.539€,05
D.245 1321®405 1.2249408 18040405 605298405
0,¢55 1.3218405 1.2468408 . 1.8850405 65190405
0,269 1.3206405 1,2668408 1.,8478405 6.509#,.05
. 0,€75 1,3208405 1,204€408 1.8488405 6.,500€,05
0,245 1.3196405 1.303#408 1,8858405 6.4908405
0,¢95 1.3198405 1,32n@404 o 148518405 6.4809,05
0,305 1.3189,05 1.337¢408 1,4520408 65.4708,05
0+315 1.3168405 1.3548 408 1,4530405 508608405
0,325 1.3179405 1,37n8408 T T~ EEWITLIVEY 6.,0508,05
0335 1.3176405 1.,385¢+048 1,4550405 6.6398,05
0,345 1.3168405 1.4008+02 1.,4568405 €.4278,05
04355 143168405 1.41408408 o 144578405 644120405
04345 1.3160405 1.4280400 ° T T 1,459840% 603988405
04375 1.3150405 1.,44728408 1,4600405 643938,:05
0,385 1.3150405 1.4855P408° — T 1.8608405 6.3888,05
0.395 143158405 1.4672+404 1.4610405 643830405
0,405 143188405 1,4800404 1.8628405 5.3798,05
0,415 1,3148405 1.6890P408 1.4638405 6.3758,05
0,425 1.318#405 1.5038+04 1.4580405 643720405
0,435 1.3188405 1,5148408 B 1,8650405 603698405




[IE"=1

mE

0.445 1.3138405 1.525¢+04 T 1.4668405 6e36784+15
0,455 1.3132405 1.535#8+04 o  1,867%405 50355#405
0,465 13130405 1,5458404 ’ 1,4688405 603548415
0,475 1,313#405 1,555€+04 1,468€¢05 ~  6.363#,05
0.483 163130405 1.565%408 1.4698405 He3638405
0,495 1,313%405 . 1.5738404 . 1,87084n5 603638495
0,505 1.313%4+05 1,56284+08 T 1,6718495 643650405
0.515 1.312#+405 o 1,59n8404 1,4718405 643678405
04525 1.3129405 1,5998+04 1.8720405 643698405
_Y,.235 1,312#+05 1,60694+04 1,4738405 . 6s3738:05
0e245 1.3129+05 1.614#8¢04a 1,4748408 643778405
0555 1.312%405 — 1,621%+08 0 1,87a38405 603828405
0,565 1.31284+05 1.623@+04 1,8758405 643888405
0,575 1,312%405 o B 1,635%404 1,8768405 6e3948405
0,385 1.3138405 1,64194+08 1.8778495 604020405
04295 1,3139405 1,8878+08 1,8778495 604110495
0,605 1.3139+05 1.6538404 1.8788415 64218405
0,515 13138405 _1.6598404 o 1.87984035 6.432#405
Deb25 1.3138405 1.6648404 1.4808405 64488405
0,53% 1.3138405 1,67n8404 B 1.,4808405 644589405
0,545 1.314%405 1.,6758+04 1,4818405 Seu729,405
V,855 1.3142405 1,6798+04 1.,8R28435 6. 4898405
Deb65 1.3149405 1.6828404 1.4838405 645068405
0.675 1.315%405 . 1,58R%.04 148838405 65268405
3,685 1.3198405 1,6958408 1.,4R48405 605470405
0,595 143152405 o 1,8940404 1.8858405 645708405
0,705 1.3169405 1,69084+04 1.4868405 6545968405
0,715 1,316@405 1,/0384+04 1,8868405 646219405
V.725 1.317#405 1.70484+04 1.4878405 646508405
0./35 1.3179405  1.70R®.04 1,4880405 646818405
0,745 1.3168+05 1.711240% - 1.4898405 647148405
34755 1.31898405 1,7148+04 1.4908¢n5 6547508405
0.765 1.31%8405 T T 04 T TT1,8918405 5.7898405
0,175 1,3208405 1,/139404 1,4918405 69308405
0.785 1.3208405 1.720#+08 1.,8928+405 53750405
Vel 95 1.3219405 o 1,121#408 1,4938405 649238405
0.405 1.3228405 o 1.,72398+402 1.89a84¢n5 69748405
04315 1.3220405  j.T248408 1,84950405 70298405
0.525 1.3239405 1.725%+04 1.4968405 740890405
0.335 1.3248405 1,7248+04 1.,8978405 7.1528405
0.545 1.3258405 1.72484+04 1.49884105 7.22184+05
De535 1.3200405 1.7278404 ___1.89984n5 7.2988405
0,565 1.3278209 1,7278408 1.5008405 7T+3738405
0,875 1.3289405 1.7270+08 L 1.5018405 744588405
0,865 1.3298405 1.7268408 1.5028405 Te5498405
0.995 1,3308405 1.,724A84U4 1,5038495 T.54884905
0.¥05 1.3319+405 1.725®+04 1.5%484058 77530405
0.¥15 1,3322405 1,7200404 1.5058405 7+8678405
0.¥25 1.3330405 1.7218+04 1.5068425 T+9900405
04935 1.3399405 ) 1.7228404 " 1,5078405 2.1228405
Ue745 1,3368405 1.7218404 1.5088405 B.2658,05
9.755 1.33/9405 1.719#+048 1.5098¢05 B+4208405
0ev65 1.3398405 1.7178+0a 1.5108405 Be5B7#+05
Q.775 143408405 1.7158+08 1.5128405 Be7668405
0.¥85 1.3420405 T1.7198408" T 1,5138405 8496508405
04795 1.3438405 1.71n84+04 1.5140405 9.1799,05
1.V05 1.3859%405 T 078400 T T1,5158405 940128405
_1ev15 1,3469405 1.7048+08 1.5178405 946668405
1.425 T ' 1.368e405 1.701@+03 1.5188405 TRV YA3ENS T T
1,435 1.3500405 i 1.,6988404 1.,5198405 10258406
14945 1.3518405 T 1.6948408 - - T1,5218405 1.0588406
1,055 1.3539405 1.6908408 15228405 1609508406
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T 1.5248405

1.V65 1.355¢405 1.6860408 11350406
1,975 1,3578405 _ _ 1,6828404 145250405 11798406
1,U85 1.3599405 1,6778408 1,5278405s 102290405
oo de¥9S 1,3610405 1.6730+08 1,5288405 = ~ 102840406
1.105 1.3638405 1.66R0404 1.5308+05 13458406
14115 1.365€405 . _ 1,6620404 1.5320¢05 1.4138,06
1.12% 1.3688405 1.6578+04 1,5330405 144908406
1.135 143702405 o 1.8538404 o 1+535%405 1¢577%en6
14145 1.3728405 1.6458404 1.5378405 1:5768,06
1.155 1.3758+05 1,6398+04 1,5398+05 17688405
1,165 1.3778405 1.6370,0a 1.5400405 1.5408,05
1.175 1,3800405 1,6258404 1,5420405 15428405
1.189% 1,3820405 1.61A8408 1,544%405 15848405
1195 1,3858405 1,0118404 1,5368+05 1.5468,405
1.205 1,.38808+05 1.603P«02a 1.5488405 145488405
1215 1.3918405 1.5950404 1,5500405 15508435
1,225 1,3949405 1,5878404 1,5528405 15528405
1.¢35 1.3978405 B 1,5798401 1,5548405 145540405
1.245 1.4000405 1.,5708 404 1,5578405 1.357€405
10255 1,4030405 1,5618404 1.5590405 1¢559€405
1265 1.4068405 1.5518408 1,5610+05 1.5618405
1275 1,4098405 1,5418+08 15630405 145638405
1+ ¢85 1.4138405 1,5318404 1.5668¢n% 1456604+05
1.¢95 1,4168405 1,5210+08 1,5688405 B 1.5688405
1,405 1.8208405 1.51n8404 1.,57104905 1¢571€405
1315 144230405 1.,4999+024 1.573P¢05 15730405
1,325 1.4278405 1,4870408 1,5768405 1:5768405
1,335 1,4318405 1.475804 1.5798¢05 15798405
1,345 1.4358405 1.,8620402 1,5810405 1.581¥,05
1355 1.4398405 ] 1,4578404 1,5848405 145848405
1365 1.843#405 1,43684028 1.,5878405 15878405
1375 1.4878405 _ 1,4238+04 1,5900495 1:590€405
1.385 1.8528405 1,4000404 1.5930405 1.5930405
1.395 1,8568405 1,3908408 1.5968405 15968405
1.405 1.4618405 1.3790404 1.5998405% 1.5990405
1,415 1.4660405 1,3630404 1,6020405 145028405
1.425 1.4708405 1.3478404 1.,6050+05 1.6058405
1.435 1.475¢405 1.,3390+08 1,6088405 16088405
14445 1.4800405 1.3130404 1.612940% T T 146120405
1.455 1.486w405 1.,2950408 1,6158405 15158405
1,465 1.4918405 1.27T7¥ 408 1.6198405 1:6198405
1e475 1.4968405 1.2580+404 16228405 1.6228405
1.485 1.5028405 1.2340 404 1,6260405 1.6268405
1,495 1.5080405 1,218 4+084 1,6298405 145298405
1,205 1.5148405 1.1968408 1,63368405 1:63308,05
1,315 1.5209405 1,17a0 404 1,6370405 16378405
14525 1.5268405 1.1520+08 1.6418¢05 16818405
1.535 1.5326405 o 1,1240408 1,6450405 145450405
1,545 1,53%e405 1,1030404 1,6498405 1.6498,05
1.555 1.5458405 1,0770404 14653005 16530405
14965 1.552040% 1.0518+08 1,6578405 1.657€405
1375 1.9598405 1,0238+08 1,6610405 166108405
1.295 1.5660405 9.9360403 1.6660405 1:666¥405
14295 1,5740405 9,0318403 1.6708405 __1e8708,05
1605 1.5819405 9,311%403 16740408 1:67a8,05
1,615 1.589%405 . 8,975€403 16790405 16798405
1.625 1.59784+05 8.6210403 1,6830405 1.6838405
— 1.%35 1.605¢405 8,2450403 1,68784058 1.667@405
1,685 1.6130405 7T,8470403 1.,6920408 1.6920,05
14955 1.6220405 o T.421€403 . 1,6968405 16968405
1,565 1.6318405 6,9640403 1.7000405 17008405
1,075 1.64V08+405  6.46900403 1.7040405 17048405
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1,085 1.6498405 5,9278403 1.7088408 1.7089405
1.595 1,6599405 o 5,3238+03 1.71204905 1+7128405
1.7105 1.6680405 4,6358403 1,7150495 147150405
1115 1,6788405 3,618€403 1,7178408 147178405
1.725 1.6898405 2.7630403 1,7T16P405 17160405
1.735 1.6998+405 . 8,30R8+02 1.7080+405 147088405
1.745 1.7108405 1.7108405
1.7/55 1,7218+405 _ o 17218405
1.765 1.7338+05 17338405
. 1175 1.7458+05 17458405
1./85 1.7578+405 17570405
1795 147698405 _ 17698405
1.505 1.7828405 1+782P4+05
1.815 . 147958405 e 147958405
1,825 1.8098+05 18090405
1.835 1.6238405 18238405 o
1.845 1.83708405 148378405
14855 _ 1,8528¢05 1¢8528405
1.56S 1,.6670405 18678405
1.875  1.8830405 1.583#405
1.885 1.8998405 18998405
o 1395 1.916@405 109168405
1.¥05 1.9330405 1¢9330405
1e¥v15 1.9518405 19518405
1.725 1.9698405 7 T 19699405
1.¥35 L 1.9888+05 1.9880405
1.945 2.,0078405 T o 2.007#405
. 1,755 2.0278405 240278405
1.965 2.0480405 2.0480405
1.975 2.0698+05 N 2.0698405
1.¥85 2.09284+05 2.0928405
1995 2.11%8+05 o 2.1189405
2.005 2.13898405 241380405
,_ 22915 2,1638405 201630405
2,025 2.18080405 2.1888,05
24935 242148405 202188405
2.v45 2.2418405 2424819405
2:U55 242698405 e 2620698405
24U65 2.2988405 2.2988405
2,975 203298405 203298405
2.085 2.3608405 2.3600405
2.U95 2.3928405 o 203928405
2.105 2.4260405 2.4268405
2.115 2.4612405 - - 2.8610405
24125 2.4980405 o T T 246988405
2.135 2.5368405 245360405
2.145 2.5758405 2.57504+05
2.155 2.6168405 4 B 248168405
2,165 2.65Y8405 2.6598405
2.175 2.70640405 27048405
24185 2.7510405 - 27518405 -
2.195 2.6000405 25008405
2.205 2.850840% 2.55004+05
2.215 B 2,9080405 B 2.904¥,05
2,225 2.95608405 T T 249608,05
24235 3.0108405 ~ 340180405
24285 3,0798405 T T 340798405
24255 3,1888405 3.1448405
2,265 3,2120405 32129405
24275 3.2838405 o 3.283P405
2.¢85 3.3588405 303580405
2295 3.8378405 3.8370405




S 24395 3,5200405
20315 3.6080405
24325 3.7014405 T e e —
24335 __3.800@405
2.345 3.905€405 - o N
24355 4,0160405
2.365 4.1354405
2.375 4,261%405
24385 4,3908405
2.395 4.54U%4+05
24409 4,695@4+05 e —
24415 4,8618405
24425 5.,04U8405 .
2.435 5.2338405
2.445 3.4428405 -
24459 9,66884+405
24465 5.,9154405
24475 6,184@4¢05 B
2,485 6.47TB9405 o
2.495 6.6020405
24205 {.15Y4405
20215 _ {+555#405

35208405
3+6088,05
37018405
3¢30U0®enNS
39058405
0169475
4.135%4:05
4e261#4N15
443968405
445408415
4eH595% 405
Qenb1®4)5
S¢3uNB40D5H
302330405
Setduy2®s DS
S5¢56R®4NS
50691508405
BelhamenS
SeulRELNS
S.4028405
Te159€405
Te3538e0>
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CHLCHATIIN-FARY D
GAMMA ENERGY=s 0,500 MEV
SPFLTRUM WETGHTS 4,4308=01

THE PHNTNELECTRON FLUX IS 3.3620405 ELECTRUNS/SQ.CM,

THFE VAL'E OF TCvaX IS 0,331 MEV
THE NYIFFFRENTTAL ENERGY FLUX AT TCMAX IS 9,3%7@4n6 CLECTRONS/SQ CM

* SCATTERSHNT IIt = A R=5500 PROGRAM FNR CALCULATING PHDTOELFCTRIC,.LOMPTON, AND PAIR FLESTRON FLUX awND

SPFCTRUM

SCATTERSHAT IT1 = A Re5500 PROGHAM FOR CALCULATING PHROTOELFCTRIC,COMPTON, AND PAIR FLECTRON FLUX AND SPFCTRUM

CALCUHLATINN FNR3 GAMMA FLiUX= 1,7300409 PHAYNINS /(SQ.CM,)(SEC.)
GAMMA ENERGYs 1.000 MFV
SPECTRUM WETGHT= 2,7208+01

THE PHOTAELECTROV FLUX IS 3,4070:408 ELECTRONS/SQ,CM,

THE VALUE DF TCuax IS 0.706 MEV
THE NIFFERENTTIAL ENERGY FLUX AT TEMAX IS 2,2308+406 ELECTRONS/SQ CM

SCATTERSHNT TI1 = A B=5500 PROGRAM FNR CA{CULATING PHOTOELFCTRIC,COMPTON, AND PAIR FLECTRON FLUX AND SPECTRUM

* C'mn[ﬂ! ™ FRY T GAWMYA FLUXH 1. 73I0®FPY PRUTUNS 7TUS0L,CR,OSEC, )
GAMMA ENERGYe 1,500 wMfFV
SPECTRUM WETGHTa {,2008e01

THE PHOTAELECTRON FLUX [S S5,%5538403 ELECTRINS/SQ.CM,

THE VALHE 0OF TCMvax 1S 1.782 MEV
THE NIFFFRENTIAL FNERGY FLUX AT TCMAX IS 5,9960405 ELECTRONS/SQ CM

SCATTERSHNT IIT1 = 4 R=SS00 PROGRAM FNR CALCULATING PHOTOELFCTRIC,COMPTON, AND PAIR FLFCTRON FLUX AND SPFCTRUM

CALCULATINN FORy GAMMA FLUX= 1,73080409 PHDTONS /7(SQ,CM,I(SEC.)
GAMMA ENERGY=® 2.000 MFV
SPEATRUM WETIGHT= 7,8908-02

THE PUOTAELFrTRON FLUX IS 1,R268+403 ELECTRONS/SQ.CM,

THE VALNHE 0OF TCYAX IS 1.773 MEV
THE NIFFERENTTAL FNERGY FLUX AT TCMAX IS 2,8268+405 ELECTRONS/SQ €M

SCATTERSHNT J77 = & R=5500 PROGRAM FNR CALCULATING PHOTOELFCTRIC,COMPTON, AND PAIR pLECTRON FLUX AND SPFCTRUM



e PR PR TR LECTRON FLUX TS T, RT YW+ 02 ECFCTRONS 75U, TN

CaLCuyt ATION FNR: GaMUA FLUXs 1,7308409 PHOTONS /(SQR.CM,)(SEC.)
GAMMA ENERGYs® 7.500 MFEV
SPETIRUA WE I GRTE 3, 1T30W*072

THE PHOTAELECTRON FLUX IS 5,4248402 ELECTRANS/SQ,CM,

THE VALHE 0OF TCwax IS 2,748 wEV
THE NTFFERENTTAL ENERGY FLUX AT TCHAX TS 1. IS7TWFNS ELECTRONS/7ST TW )

SCATTERSHNT 111 = 4 B8=5500 PROGRAM FOR CALCULATING PHOTODE{ECTRIC,COMPTON, AND PAIR FLECTRON FLUX AND SPFCTRUM

CALCULATINN FARe GAMMA FLUX= 1,7300409 PHOTONS /(SO.CM,)CSEC,)
GAMMA ENERGY= 3.000 MFEV
SPECTRUM WEIGHT= 2,1408=02

THE VALYHF OF TCuax 18 2,765 WEV
THE NIFFERENTTAL FNERGY FLUX AT TCMAX IS 4,8858+Nna8 ELECTRONS/SQ €M

TR AT TERSHN T I = A A= U0 PR GRAN P AR TR T ULRTING PHOTOECECTRIC; COMPTON; AND PATR FLECTRON FLUX ANT SPETTRUM
CALCULATINN FNRg GAMH4A FLUX= 1,7300409 PHNTONS /(SQ,CM,)(SEC,)
GAMMA ENERGY= 3.500 MgV

SPECTRUW "WETGHT= R, 900803

THE PHOTNFLECIRON FLUX TS 5,35R88+01 ELECTROINS/SQ,CM,

THE VALHE NOF TCYAY IS 3.262 wmgv

. 4 2

SCATTERSHNT IIT = & R=5500 PROGRAM FNR CALCULATING PHOTOELFCTRIC,COMPTON, AND PAIR FLECTROV FLUX AND SPFCTRUM

CALCULATINN FNRY GAMMA FLUX=Z 1,7300+409 PHOTONS /(SQ.CH.)(SEC,)
GAMMA ENERGY= 4,000 MEYV
SPECTRUM WEIGHT=3 9,3008=03

— THE PHOTAFLF A1 30V FLUX IS 3, 0I8@+01 ELFCTRONS/S50,TN, -

THE VALUE OF TCMAX IS 3.740 wEV
THE NIFFFRENTTAL FNERGY FLUX AT TCHMAX IS 1.5570+08 ELECTRONS/SQ CM

TEATTERSHAT TIT & A R-§RQU PROGRAW FOIR TR TILATING PHOTOELFCTRIC; CONPYON, AND PAIR FLECTRUN FLUX AND SPFCTYRUM ~ ~



- .

. CALCULATINN FNRs GaMMA FLiuXs 1,730e409 PHNTONS /(SR.CM.ICSECL)
. GAMMA ENERGY= 4,500 MEV
SOFFTRUM WFIGHT= 3.,4000-03

THE PHOTOFLFCTRUON FLUX IS 1,1028401 ELECTRANS/SQ,CM,

THE VAL!F DOF TCuax IS 4,258 VgV
THE NIFFFRENTTAL FNERGY FLUX AT TCMAX IS S5.022@8+n3 ELECTRONS/SQ CM

SCATTERGHAT 11 = & A=5500 PROGRAM FOR CALCULATING PHOTOELFCTRIC,COMPTON, AND PAIR FLECTRON FLUX AND SPFCTRUM

CALCULATINN FNR: GAMMA FLUX® 1,730e+¢09 PHNTONS /(SQ.CH4,)(SEC,)
T GAW R ENERGYE SO0 WYV T
SPFCTRUM WEIGHT= 2,700803

THE PHDTOELECTRON FLUX IS 6.7068400 ELECTRONS/SQ.CM,

THE VRITTE DF TCY A TS o, 7sS7  vEV T
THE DIFFFRENTTAL FNERGY FLUX AT TAMAX IS 3,5680403 ELECTRONS/SQ CM™

SCATTERSHNT IT1 = A R=SK00 PROGRAM FOR CALAULATING PHOTOELFCTRIC,COMPTON, AND PAIR FLECTRON FLUX AND SOFCTRUM

CALCHLATINN FNR: GAMMA FLUX= 1,7308409 PHNTONS /(SQ.C9¥,)(SEC.)
GaMMA ENERGY= 5,500 WFV
SPFCTRUM WETGHT= 2,8008=03

THE PHOTNFLECTRON FLUX IS 4,4640400 ELFCTRONS/S50,CM,

THFE VALHE OF TCuaxX IS 54256 dFV
THE NTIFFFRENTTIAL FNERGY FLUX AT TCHMAX IS 2,R708403 ELECTRONS/SQ CM

SCATTERSHNT I11 = &4 B=5500 PROGRAM FDR CALAULATYING PHOTOELECTRIC,COMPTIIN, AND PAIR FLECTRON FLUX AND SOPECTRUM

CALCINATINN FNRg GAMMA FLUX= 1,7300409 PUNTONS /(SQ,CY,.)(SEC,) .
T TGRANME ENERGYS 5. 000 WEV -
SPFCTRUM WEIGKT= 1,0008-03

THE PHNTAIELFCTRON FLUX IS 1,54680400 ELECTRONS/SQ,.CH,

YHE VALDE OF TCYAX TS 5,755 WEV B )
THE NYFFERENTTIAL ENERGY FLUX AT TCMAX IS 1,0920+4n3 ELECTRONS/SO Cw

SCATTERSHAY JIY = A R=S500 PROGRAM FNR CALCULATYNG PHOTODELFCTRIC,CONPTON, AND PAIR ELECTRON FLUX AND SPECTRUM

CALCULATION FNRg GawMA FLUX= 1,7308409 PHOTONS /(S0.CU,3I(SEC,)
GAMMA ENERGY= 6,500 MFV




B

o

- SPECTRUM WETGHT= 6.0008~02

THE PHNTONELECTRON FLUX IS 7,4798=01 FLECTRANS/SQ,CM,

THE VALUE OF TCMAX IS
THE DIFFERENTTAL ENERGY FLUX AT TCMAX TS 6,0258402 FLECTRONS/SQ C»

ELFCTRON ENFRGY

RUNNING TOTAL

6.254

MEV

VeV FLFCTRON FLUY
0.015 6,7600406
0,025 §.6408406
0,035 6.520@406
0,085 $,4010+06
0,055 6£.28208406
0,085 5. 1548305
0,075 6,0478406
0,0R5 5,93784+06
n.NoOS 5,81904+06
N.105 5,70R84+06 -
D.115 5,6018+06
0,125 — 5.0978+006
0.135 5,3980406
N.145 §,3058306
0,155 5,21998406
N.165 5,1418+06
0.175 5,0728406
0,185 ",0188405
0,195 4,973I8406
N.205 A, 9888306 -
0,215 4.,9420406
Ne?2?25 4,9618+406
0.735 5.009@406
D,785 5, 00798+068 -
0,255 5,21884+06
0,265 5,.,39584+06
n,27S 5,6360+06
ND,2A5 5,95584+06
0,795 6.3708406
m.I0S 8, 9048+06
0.315 7.58R0406
n,325 8,460084+06
0,335 9.574@+06
0345 {,0148406 -
0,355 1,0120406
03685 1,0108+08
0+375 1.00004+06

N 4385 [,007m+05
0.395 1,00604+06
0,405 1,0050+06
0,815 1.004508406

", E75 [, 0038+0%
0,435 1,0040406
044485 1.00484+06
0.455% 1.0058+06
0,865 1.0048+06
0,475 1,00804+06
0,485 1. 0108308
0,495 1.01108406
0,505 " 1,0159308
0.515 1.0210406
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0,575

1,0248408 T

0,535 1.0328406
0,505 Ty 039R 08 T T
0.555 1,0478406
e85 T.USRe¥F08
0.575 1.0668406
D.5RS 1,.0778+408
0.595 1,0918+06
0,805 1.10584+08
0.615 1.1228406
0.F25 1. 1408+ 08
Ne635 1.,1618+06
D.A85 1,18504+06
0,655 1,2118+06
0,665 1.,2418+06
0.875 1,2758+06
D585 1031?_m
D.695 1.3550+04
0,705 1.,303@+06
0.715 1.4578406
0,725 1.51R84+0%6
0,735 1.58R8+06
0. 735 1.56783006
0.755 1.7580+04
0.7T&S 1.8628406
0,775 1,9828+06
0.785% 7.12184+058
0,795 ?7.,28308+006
0. 80% P AT7RF0B
ND.,R1S 2.7298+05
0,R25 B 4 01 F 310 S
0.835 2.7528+05
0,R3S T " P.764030%
0.A55 2.,77740+05
U. R85 P IA AL E1 k]
D,RRS ?.822a+0%
0,895 ?2,838R+05
0,905 2.856404+05%
0,915 2,375@4+05
0,925 7.8958+05
0,935 2.9148405
0,945 2,93084+05
0,955 2.9638+405
0.965 ?2,98R84+08
0,975 3,01408+405
0, 98% I, 0019305
0.995 3.0708405%
1.005 3,105840%
1.015 3,14284+08
1.02% 3,182040%
1.035 3,2240405%
1=0nS 3. 2T08+09%
1.055 3,3188405
1.06% 3,370050% -
1.075 3,8260+405
1,08% 3, 8858408
1.095 3.55004058
1. 108 T, 5208F0S
1115 3.6950405
1.125 Ty, TTEWE0S
1,135 3,8630405




1.145 3.,9580405
1.185 4,0610405
1.165 4,1740405
1,175 4,2958+05
1. 1785 G.,3378+05
1.195 4,57794+05
1.7205% 4,73R84+408%
1715 4,91450405
1,225 5.1128+0%
1.235 5.3308+05
T:.285 5.7 I8F0%
1.2585 5,8458+405
1.285 6,1508+05%
1.275 6,49n84+08%
1.285 6.,RBuR+0S
1.295 1.1810+0%
1.305 1. 189305 -
1.315 1.1970405
1.325 1.7060405
1,335 1.71684+05
14345 1.2258+05
14355 1.2350408%
T.385 1. 28RE+05
1.375 1.25784+05
1. 3RS 1,2648,05
1.395 1.28Na+05
1.405 771 ,293840S
14815 1.30458+05%
1425 T2 320F0%
1.435 1.3348405
1.4485 1.3498%0% -
1,455 1.3640408
1,445 1.3818+05
1.475 1,39Ra+05
T.085 1. A158+0%
1.895 1.4330¢05
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T T.TES 3.0078+0%
1.775 3,1689+05
I.785 §,9378+008
1.795% 4,97884+04
T.RUS 5.0158+0%
1.815 5.0638+04
1825 5,10R8+018
1.,R35 5.1588404
1.R45 5.2028404
1.855 5.25394+04
W Ralsle] W
1.R75 5.3598404
{1 .RRS 5.84158+014
1.895 S.4738+04
1,905 5.5338401
1.9158 S5.5950+04
Y.975 TR .567RF0Y
1.935 5.7308+04
1.9485 5.80104048
1,955 5,A758404
1.98% 5.9510404
1.975 6,0308+04
1. 985 5. 1098309 T
1,995 §,1930+04
2,005 £,2920404
2.015 6,39508+04
2.025% 6,.,5038404
2.035 6,617@404
7. 005 R.7378%07 T
7. 055 heB680+04
2.065 5.99723+018
2.075 7.13884+024
2.0RS% 7.2878+048
2.095 7.84504+04
25 10% L4rY - 15471 -
2.115% 7.7920+404
?2.125 7T.9828404
24135 8.18a8+04
72,1485 R,.4N01m401
2.155 B.6330+04
22155 B.8818+00 B
2.175 9.14908+4018
2,185 9.,437a+04
?.195 9,749@4+01
2205 1.0000405%
?2.215 1,0458405
27?5 1. 0858+%0%
2.235 1.1296408
2,289 1.1770005
?2.255 1.2308405
2.265 1.2888+0%
2.275 1.3548405
7.285 7.1978300 -
24295 2.,2160401
2.305 2.,238308
2.315 2.2578404
2.32% ?2.27803508 -
2.335 ?2.3000+4048
AL Y] 23278 F 00—
24355 2.344824048
2.365% 2.370m8%08
2:375 2.3950+404




o

?2.395 2.3488404
2.40% 2.47/04+04
2.815 2.,50584+04
7.875 7.53AR40%
2,435 2.5670404
2,845 2.5998402
2.455 2.6330+404
2.4845 2.66R+04
?2.875 2.70am+04
7.4RS 2. 7408304
2,495 2,7790+04
2.505 2.82384+04
?2.515 2.,869084+404
2.575% ?2.91704+04
?.5135 ?2.96R084+08
2505 3, 072150 — -
2,555 3,07794+04
2+5A5 3.1348404
2.575 3,199@4+09
2+.5R5% 3.2648+01
?2.595 3.3340+04
7 /K05 T, 4078¥07 -
2,615 1.4850401
2.Ah25 3,56784+01
2.635 3,6550+04
2.A45 3.749%@+048
?2.455 3,84900404 ,
PLLY) 1, 9568+07 -
2¢ATS 4,07084+404
2.A8R5 4,1940404
2.A95 4,326@+04
2.705 4,87ne+04
2.715 4,6250+404
7.775 §,7950308 .
2.735 4,9774+04
2.785 5.1790+08
2.755 5,3990404
2,765 5.,6430+08
2.775 1.0150404
7« TRS T, 0238307
2.795 1.,0310+404
2.R05 1.04n@404
2.815 1.04R0404
?2.R25 1.0570404
2.R35 1.0660+404
7805 1., 0758+#078
2 .RS5 1,08404+04
?2.R4KS 1,0940+04
2.875 1,1040401
2,885 1.1150+04
2.895 1.12404048
7.905 1. 1379+0%
2.915 1,14R0404
2,925 1.16N8404
2.9135 1,1730+404
2.945 1,1850+04
2.955 1,1998+04
7.985 1.2178+:0% -
2,975 1.22504+04
2.985 1.23704012
2.995 1.75104+04
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®

I L

— 3,005 1,2690R¢00 — T
3.N15 1.,2880404
I NS S 1,307@308 T

3,035 1,3230+04
S S 3ATRF0S
3.,N85 1,3720402
3.0485 1.3950+04
3,075 1.4200404
3,08% 1,8468400
3.095 1,4730404
3. 108 T, SN0
3.115 1,53708+04 '
3,135 1.5938+08
3,145 1.63404018
3,155 1,672@4+04
3.1565 T, 1384078
3.175 1.75460404
3,185 1,8030+04 !
3.195 1.,8530+04 ‘
3.205 1.,906R+04
3.215 1.9640404 |
37725 TO2TEFON— 1
3,235 2,09484+04
3,28% - 2,16R83018
3,255 2.2480+048
3,765 ?.3378+08
3,275 £.8540403
3. 785 R.9208+073 ]
3.295 6.,9880403 |
35305 7.05R8303 |
3.315 7.1308403
3,325 7.2050403
3.335 7.28720403 |
3. 305 7. 36183073 T
3,355 7.8432403
3,385 7.528@4+03
3,375 7.616+03

- 3,3R5 7,7060403 |
3,395 7.80n0@403 |
3,405 7.85978%073 *
3,415 7,99704+013
3.82% 5,1010403
3,435 8.,2098+03
3,485 R.32104+03 |
3,455 R,4360403 |
1. 065 8, 5568350%
3,475 R,67884+03 1
3,485 R,80784013
3,495 R.9338+03
3,505 9.,0878401
3,515 9,2378403 |
3525 9, 830093F03 - *1
3,535 9,5708+01 |
3,%5% 9.,749@+013 |
3,555 9.936R84+403 |
3,545 1,0139+02 |
3,575 1.0340408 |
3,585 T. 0580500 4
3,595 1,07904+048 |
3,405 1,10304+084 |
3.615 1.12a0+04 1



) 3,625 1.,1550404
3,635 1.18484+048
3,645 ' o 1,21804:08 7
31,4585 1.,24704048
I,8585 1.2817+0%
3,875 1.31R8+04
3,685 1{.3580408
31.A95 1,40004+04

3,705 ' 1.,3860+08
3,715 1.4952+04
3. 1?75 1.5458+0%
3.735 1,60784+04
3785 1,670R+04
3.755 1,7390+08
3.765 1t.8140408
3.775 ?2.979@+03
T. 785 3,0038+073
3,795 3,02R88+03
3,805 3.,0540403
3,815 3,0819+03
3,825 "3,10R0+013
3.R835 3,13640403
3. RES 3.1640+03
3.R55 3,1940403
3.B45 T T3.,7256+403
31.875 3.,25608403
3,885 T T Ty 2898, 03
3.895 3.32268+403
3,905 3. 3578303
3.915 3.,3928+01
3,975 T I A729840Y 0 T
3,935 3,8670+013
3.945 TTI,5068+03
3.955 3.5468+403
3,985 3.5878%03
3.975 31,62R8+03
3,985 a T 3,%56R8+403
3,995 3,711@403
4,005 o 3,7650+403
4,015 3.82184+03
5,07% 3.8808+03
4,035 3,9418403
“‘ THELDES T T 7T 4,00584+403
4,055 . 4,071984+03
T a,nhes o 4,1410+03
4,078 4,214@403
§.DRS 3,291@+03
4,095 4,37204+03
) - 4,105 . 4.,457@+403
4,115 4,54604+03
4,128 i 8,6400403
4,135 4,7400+03
3,135 4, A858+073
4,155 4,9570+03

) 4,165 5.07A08+4013
4,175 52032403
4,185 T §,33B0+0Y
4,19% 5.48310840)
7,705 T 5 ,8537RF073
4,715 5.8040403
4,725 T 5 L,9B38:0Y
4,235 ’ 6,1788403



. T TR, 288 6.3848403 )
- M 4,255 5.,61R84+03 i
-~ 5,785 6.86R8+03 T
. M~ 4,275 1,9400403 |
. e D T T TERST T,95T¥¥03 ‘
{v 4,295 1,9790403
47305 1.997@3:03
- C 4,115 2,01A84+03
4,325 2,0358403
. —_— s 20T ABF0S
4,355 2,098084+03
44,3585 ?2.11998403
4,375 2.14728+03
4,385 2.1658+03
4,395 ?2.,1898:03 |
—— 4. 105 7. 21TNe¥03 ‘
§,415 2.7390+03 i
4,425 ?.26584+03 |
4.4835 ?.2928+03 |
4,445 2.3200403°
4,455 2.3490,:03
5,365 7. 37R38+073 -
4,475 2,4078403
4,085 2,4350403
4,895 2,4658+03
o 4,805 ?2.,5048403
A,515 2.5410+403
- 1,575 TOB7WEN]
4,535 2.6310+03
4,545 2,86778+03
. 8.555 2.7250403
4,585 2. 7758303 -
8,575 2,8280403 |
455”5 2. B8838+03 -
4,595 2,94184+03
- - Ae60S "3.,0020403
4,615 3.0668403
B, %25 3,1330403
4,435 3.7058403
LYk 3] I 2B80eF0Y
4.655 3,361684013
4.,R85 I, 28560403
© 4,675 3,5360403
A,KRS 3,6328403
5,495 3,7350403
’l.rﬂs 3.m"‘03
8,715 3,96784+03
4,725 4,09284013
4,735 4,2290+403
4,74% 4,3798:+03
- 4,755 4,5410403
LIRA- 3] q,TIRRF0]
f A.775 ’0196ﬂ+03
) 4,785 1,20984+03 -
5,795 1,2238403
‘ 4,805 1.,2378403 -
4,R15 1.2518403
4, 82% T, 26h830Y
4,835 1,2810403
4,.889% 1,2960+03
4,85%

1.3128403



r)

4,885 1 ,329@40Y T
4,875 1.3452403
4.,RRS 1.3640403
4,898 1.3828+03
g 4,909 1.3018+0C3
4,915 1.4200+03
5,925 1.83408403
8,935 1,84618+03
o 4,985 1.4830+03
4,955 1.505@+03
5.9865 1.572R@+03
4,975 1,5518+03
3,985 1.5758+03
4,995 1.6008+403
5,005 1.62R8+03
5.015 1.6578+03
%7 07?% 1. 56908%03
5,035 1.723@+03
5,045 1.757@4+03
5.N55 1.7935#03
5.045 1.83084013
5.075% 1,8708+403
5« NRS T, 91 1a+03
5.095% 1,9558403
5.105 2.,000@403
5.115 2.049R4+03
S5.1?75% 2.10084+03
5,135 2,1588403
5. 185 T 2ITRFNT
5,155 ?2.,2712+403
5.165 2.3369403
5,175 ?2.,40584+073
5.185 2.,4788+03
5,195 2.55468403
5,205 2.,6416+03
5.215 2.7312+403
5225 ?2.8290403
5.735 2,9340403
5.245 3,0490403
5?55 3,17408403
5+765 3.3108%073
5.27% 8,5708+02
5.785 4,62184+02
5.295 4,674R0402
T T 85,308 4,72R8302
5.315 8,7838402
T 54325 R, 8408+07
5.335 4,89904+402
56 345 4,96084+402
54355 5.,02208402
50365 5.0878+02
5375 S5.15384+02
5¢ 385 5.,220708+07
5.395% 5.,2928+02
5,808 5.,365@+02
5.415 S.844108+402
S.42% 55198402
. 5.435% 55990402
YL 5 .0878+02
5,455 5.7670402
5.865 TS, B5584072
S5.475 5,9440402




©

5,495 6,1230402
: 5,505 8§,2378302 o
5.515 6,35504+02
%379 5, 07885072 A
5.535 6,6068402
— 5,585 6§, 7818402 -
54555 : 6,8818+02 |
- 5.565 7,0280302
5¢575 7.,1820402
558”5 73R F0?
5.595 7.5130402
“‘ 5¢605 " 7.,6920402 1
5.615 7.8808+402
5.625 8,0788402 ~~ T T
5.635 8,28R04+0?
YL} B, STORF02 1
5¢655 R, 7458402
S.6K5 ‘B8, 9958+402 W"'
5675 9,2618+02
S.689 T T TTeYshees02 o — o
5¢695 9,8478402
5705 10178503
S5.715 1,0528+03
5725 ' 1,0908%03 ~
5.735 1,13n00403
5.745 - TTYLITARE03
5.755 1,2220403
Se 765 1. 8108F02
5.775 1,8440402
5.78S ST Y, 8TDeE02 I
5,795 1.,8949402
S«RO5 T T T, 9280402 T T
5.R815 1.,95284+02
S 8?5 1, 9819302
S.R135 2,0110402
B S .RAS - 2,0828402 e T
5:855 2.0740+02
"S.R5S ' ?.,1078402 -
5:875 2.14104+07
T S<RBS 72, 1768307
5,895 2,21308402
5,905 7.2518402
5.915 | 2,2900402
5.925 2.3318402
5.935 ?.,3730402
—50S 2. 8178302
5.955 2,86304+402
5,965 T 2,5108402
5.0975 2,55984+02 .
5.985 2,6119302 T
5,995 2,6648402
5005 2. 7200302
6,015 2,7780402
6,025 T 2,839me02 T T
6.035 2,9030402 |
6,045 T TR0 T T
6.055 3,0408402 |
6,085 I, 113802 —
6,075 3,1908402 |
6,0NRS I Py 2 4 LT ) |

6,095 3,3570402




T 6,105 3. 4478202
6,115 3.5428402
. 6,125 I Y .Y V. F3'Y S T
6,135 3.7480402
— 8,185 I, 8518307
6155 3.9818+02
8§, Y65 T ° g, 10902 -~ - T T
T8 L,IBY T T TR IvIee 07 - T
64195 4,5469402
8,705 J,7TA8+T2
6.215 4,89484+02
- 6,775 . 0B%@4+02 T
6235 5.2908+02
- B 6,785 5,572884+02
£+255 S.T77@+02
6.265 0,0008+00
85.775 0,0008+00
) 6.285 "0,0008+00 T
6295 0,0000+00
64305 " 0,000e+00 — —— )
6,315 0.,0008400
6,375 0,0008+00
6.335 0,0000400
64345 0,000@+0D -
64355 0,0000400
6,365 0,0008+00 -
6,375 0.0008+400
6. 3RS 0, 00nNe30n
6395 0,0000+00
. 8,805 v, 0o00®¥00 -
66815 0,0000400
8,875 - TTTTn.,000ee00 T T T
6,435 0,0008+400
5.305 0. 00T®+0T
6.455 0,0008+00
6,865 o, 00ne+00
64475 0,0008+00
6,585 0,0008+0D T N
6,895 0,0008400
5,505 0,0008+00




