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ABSTRACT

Nuclear and electronic mass stopping powers and ranges of 8 neutron produced
recoil ions in 5 different tissue like absorbers are calculated using the theories
of Bethe, Bloch and Lindhard, Scharff and Schiott. In between the two theories
an interpolation within available experimental values has been made.

The maximum energy of the ions that is dealt with corresponds to a neutron
energy of 6 MeV. The results are presented in 120 tables. The 8 recoil ions are
protons, deuterons, alpha-particles, 12C, 14N, 160, 19F, and 32S. Their mass
stopping powers and ranges are given in wet tissue (ICRU), tissue equivalent
gas 1 (ROSSI, FAILLA), tissue equivalent conducting plastic (SHONKA),
tissue equivalent gas 2 (SRDOC), water, and in the single elements which are
contained in the different absorbers (H, C, N, O, F, Sj, P, S, K, Ca).
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1. INTRODUCTION

The primary interaction of radiation with matter can be described
in terms of the spectral distribution of energy, which is trans-
ferred by the radiation to small volumes in the irradiated ma-
terial ("single event spectrum").

Such distributionshave been calculated for irradiation of tissue

and tissue equivalent (in the following abbreviated by : t.e.)
materials by monoenergetic neutrons of an energy up to 6 MeV
and are published elsewhere /1, 2, 3_/.

These calculations, which were done by means of the Monte Carlo
method, need extensive data concerning neutron reactions (reaction
cross sections, angular distributions, energy levels of excited
nuclei) and the slowing down of the neutron produced ionizing
particles (mass stopping power, pathlength).

If one assumes the chemical composition of soft tissue as given
by the ICRU / 4/ and if one takes into account the seven most
frequent elements, there are already 21 types of ions, which
can be produced by a neutron reaction. 9 additional types of
ionizing secondary particles have to be considered, if the cal-
culation is extended to t.e. plastic materials as developed by
SHONKA /75 7. SR

For the above mentioned calculations, pathlength-energy-tables
for in total 30 types of ions in a variety of absorbing materiais
had to be computed. This report gives an extract of these tablés'
for 8 ionizing particles (protons, deuterons, alpha-particles,
120—, 14N-, 160—, 19F‘—, and 32S—recoils) in 5 absorbers: wet tis-
sue (ICRU), t.e. plastic (SHONKA), two t.e. gas mixtures and wa-
ter. For. comparison there are added corresponding tables for the
slowing down of all ions in the single elementé, which are con-
tained in the different absorbers.




2. EVALUATION

The upper limit of the energy range of the tables in part 3

is given by the maximum neutron energy of 6 MeV, which was

used. Table I shows a listing of the corresponding maximum ion
energies Em and of the related nuclear reactions. The calculation
of B has been accomplished with the atomic mass values of
MATTAUCH et al. / 6 /.

Table I : Maximum Ion Energy |2 after Nuclear Reaction with
Neutrons of 6 MeV Energy

Ton E. (MeV) Nuclear Reaction
a, p 6.625 14y (n,p) A
°H, 4 3.308 u  (ny) M
YHe o 7.503 1) 400, (ma) lar

7.233 2) 325 (na) Isi
12¢ 1.717 126 (n,n') ‘2
T4y 1.504 T4y (m,n') Hw
60 1.339 165 (n,m') %0
p 1.149 19 (n,n") Op
325 0.712 325 (n,n') %

1) only in SHONKA-material
2) only in ICRU-tissue

2.1 Calculations of Mass Stopping Power

The mass stopping power S(E) of an absorber (densityp ), which
contains n types_of elements, for an ion of energy E is given
by formula (1):
n
S(E) = (dBE/ p .dx) = z Ny sk(E) (1)

k=1
with: Nk = number of atoms of k-th element per gram of absorber




sk(E) = stopping cross section per atom of k-th element for the
ion of energy E.

In order to calculate S(E) for a given absorber, one therefore has
to determine both N, and Sk(E)’

Determination of N,

The chemical composition of an absorber is usually given either by
the compound formula, by percentages of weight, or by percentages
of volumes i.e. partial pressures (the last mentioned especially

in case of gas mixtures). In the following, N, is Avogradro's

L
number, and Ak denotes the atomic mass number of the k-th element.

a) Determination of compounds:

N

Ny =0y o

with: ny = number of atoms of the k-th element in the molecule

M= :é: Oy e Ak = molecular weight.

b) Determination for percentages of weight:

with: vy = percentage of weight of the k-th element in the absorber.

c) Determination for percentages of volume

Usually the'partial Pressures do not refer to single elements
but to components of a gas mixture. Therefore one has to cal-
culate first the number of molecules X per gram of absorber
for each component. Then one is able to determine Nk’ taking
into account the different number of atoms of the k-th element,




which are contained in the molecules of the various components.
M T z ik 5
J

with: Ny = number of atoms of the k-th element in the molecules
J .
of the j-th component

X. = number of molecules of the j-th component per gram
of absorber.

and
) .= \V..N . M.
Ky = (vy.n)/ j{: Vit
J N
with: v. = percentage of volume (partical pressure) of the
J j-th component
Mj = j{: njk .+ A, = molecular weight of the j-th component.
” .

The values Nk and Wi are summarized for the considered absorbers
in Table II. ‘ ’

The calculation of the stopping cross section sk(E) per atom of
the k-th element for an ion of energy E, mass M and effective charge
Zeff depends on the velocity v of the ionizing particle.

a) v 9.108 cm/sec (resp. E/M 5 400 KeV/amu)

In this velocity range the slowing down of ions is mainly caused
by interactions with the electrons of the absorbingmaterial.
sk(E) is calculated using the formula of BETHE (a survey on this
theory is given f.e. by FANO (1964)/ 9 /):

2 me 7 Z
s (B) = eff Xk (@ . (2

m. (E/M) %




Table II : Chemical composition of the different absorbers, given by Nk (number of atoms pe n) and by
W (percentage of weight).
Absorber ICRU-tissue ") SHONKA-plastic 2) t.e. gas 1 3 t.e. gas 2 4) water
Lo N W) N (10%%/g) | w (%) | N (102%/9) w () |y (10%%/g) | w (%) [N, (10%%/9) | w (%) m (10%%/g)
H 10.2 6.094 10.26 6.1285 10.19 6.087 10.27 6.135 11.19 6.6857
12.3 0.6167 76.10 3.816 45,62 2.287 56.89 2.853
N 3.5 0.1505 3.50 0.1505 3.51 0.1512 3.50 0.1505
0 72.9 2.744 5.12 0.1929 40,68 1.531 29.34 1.104 88.81 3.3429
F 1.96 0.06201
Si 1.00 0.02133
P 0.2 0.00389
S 0.5 0.00939
0.3 0.00462
Ca 2.06 0.0310

1) The missing 0.1% of weight is composed essentially of Na(0.08%) and Mg(0.02%).

2) The values in this columrn are received from SHONKA's publication / 5_/ after
correction of the erroneous equation 4, but without correction of his number of

hydrogen atoms per "tissue molecule" adopted for ICRU-tissue (10.2 instead of 10.119).
3) Composition by partial pressures(ROSSI and FAILLA / 7 7/): CH,:64,4%; C0,:32,4%; N,:3,2%.

4) Composition by partial pressures (SRDOC Z'8~7):C3H8:55,0% ; C0,:39,6% ; N,:5,4% .




with: e = charge of the electron
m = rest mass of the electron
Zk = nuclear charge of the k-th element
I, = mean excitation potential of the k-th element.

Abbreviating the ratio E/M by X and introducing the numerical
values of the constants in equation (2), one obtains:

2
Z A
s (X) = 23.7487.10° —SEEL T an(2i1944a =) (3)
k

where sy is given in KeVebarn, X in KeV/a.m.u., and I, in ev.

For the calculation of Zeff’ a formula given by WILLIAMSON et al.
/ 10/ is used:

-
zeff(z,x) = 7 « tgh(0.25162 .NX/Z) . (4)

b) Vv ¢ 3.108 cm/s (resp E/M ¢ 40 KeV/amu)

For ion velocities below about 3.108 cm/s the stopping cross
section per atom is calculated with the formulae of LINDHARD,
SCHARFF and SCHIOTT / 21_/. These authors are representing the
total stopping cross section st as a sum of two stopping Cross
sections s and sn, vhere s° gives the stopping by interactions
with the electrons of the absorber ("electronic stopping") and

s gives the stopping by nuclear collisions ("nuclear stopping"):

s, {X) = SE(X) = SE(X) + SE(X) (5)

with the following approximation for the individual stopping
cross sections:

n
= O
>
~
I

384.46 . D . F(z,zk).yiﬁ (

()
~—

M
847.73+107

n
=
b
~
H

.G(Z,2y) . £(w) (7)

M + M1<




In these formulae sﬁ and SE are given in KeVsbarn, X is

given in XeV/amu, and the other symbols have the following

significance:
Z, M ¢ nuclear charge and mass of the ion
Zk’ Mk nuclear charge and mass of the absorber atom (k-th
element)
D : constant/of orde; of 51/6
_ 2/3 2/3 \3/2
F(Z,Zk) = z.zk/(z + Zy )
2 2 2
G(2,2,) = 2.2,/(z /3, zs /3y 1/
£(w) : universal dimensionless function of the dimensionless
variable

M.Mk %

W= 320533 . .
2/3 2/3\1/2
MM, z.zk(z + Zy )

which is shown in fig.1 (after SCHIOTT / 22 7).

- Fig.1 : The dimensionless function f(w ) of formula (7) which
characterizes the slow1ng down by nuclear collisions
(after SCHIOTT /22 /)




The stopping cross sections have been evaluated using Dz Z1/6,
because for protons and alpha-particles the cross section curves
thus evaluated joined smoothly the curves of the interpolation
region c .

For the heavy recoil particles there exist practically no experi-
mental stopping cross section values for a more exact determina-
tion of D, except in the case of the slowing down in carbon

/ 23, 24, 25, 18, 19, 12_/. It should be mentioned however, that
DUCKWORTH et al. found in this case oscillations of the value of
D around the assumed value of Z1/6Z§3,24,1§7.

c) 3.108 cm/s £ v .69.108 cm/s (40 XeV/amu £ E/M £ 400 XeV/amu)

The stopping cross sections per atom calculated with formula

(3) no longer approximate sufficiently (within 2-3%) the experi-
mental results / 11 - 16_/ in this velocity range. One therefore
has to interpolate directly within experimental values, as far as

they exist.

This interpolation had to “e done only for protons and alpha-
particles, because the velocities of the carbon recoils and the
heavier ions remain completely in the region of validity of the
formulas of LINDHARD, SCHARFF and SCHIOTT (see section b).

The determination for the elements heavier than oxygen is part-
ially based on calculated values of JANNI 1—17_7 for protons

and on values of WILLIAMSON et al. / 10_/ for alpha-particles.
This holds also for the determination of the stopping cross sect-
ion for alpha-particles in hydrogen.

Table IIT summarizes the data for the different elements including
the individual lower and upper limits of the above mentioned in-
terpolation region.
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Table III: Mean excitation potentials and upper (X_) and
lower (X ) limits of interpolation regién for
protons Snd alpha-particles

Element | I, 1) Protons alpha-particles
(ev) X, X Liter- g | X, Liter-
(KeV/amu)(KeV?amu) ature (KeV/amu) ature
H ,18.2 5 150 11,15 60 500 10
C 78.5 12 300 15,18 10 150 18, 19
N 90.5 30 300 11,15 2) 70 300 16
0 96 10 250 11,15 25 500 16
F 120 10 400 17 80 300 10
Si 170 20 300 17,14 90 500 10
182 40 400 17 80 500 10
S 191 40 400 17 90 500 10
219 40 500 17 90 500 10
Ca 228 60 700 17,13 .90 500 10

1) These values are taken from TURNER et al. Zf20_7

2) Values of WHALING / 11_/ reduced (~ 3%) in order to obtain
correspondance with values of BICHSEL / 15_/

Calculation of pathlength

The pathlength L(E) of an ionizing particle of energy E is defined
by:

E
L(E) = /ldE/(dE/bdx) (8)
o]

“where dE/pdx represents the mass stopping power s (E) of the ab-
sorber for the ionizing particle and can be calculated according
to section 2.1 .

The integration was done by a numerical method and could not be
accomplished for the first value of energy because s(0) equals

0. Therefore the pathlength at 0.1 XeV has been determined by
calculation of the sequence:




- 10 -
0.1

/ de/s(E)

%n

a4 0.01 ; a =a, 4 « 0.1

This sequence is converging against a fixed value, which is sup-
posed to be L(0.1). The calculation of the sequence was inter-

rupted, when two successive values differed by less than 0.01%.
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3. TABLES.

Each of the following tables shows the magnitudesion energy E,
effective charge Zeff (as far as it is important), mass stopping
power due to nuclear collisions SN(E), mass stopping power due to
electronic stopping SE(E), total mass stopping power ST(E) (de-
noted by «(E) in section 2.1), and the corre3p6nding pathlength
(identical with L(E) ).

The mass stopping power is given in (KeV//um)Agram/cm3) and

the pathlength in /um(gram/cm3). '

The calculated values for protons and alpha-particles dgenerally 1)
show correspondance within 2-3% with present experimental values.
As already mentioned, there exists a greater deviation between

the calculated and the sparsely existing experimental data for

the slowing down of heavy recoils in carbon. Table IV shows the
percent deviation of experimental values of PORAT et al. / 19, 25/
from those calculated in this paper.

Table IV : Percent deviation of experimental mass stopping power
values of PORAT for heavy recoils in carbon from the
calculated values of this paper

ergy
Ton 400 KeV 600 KeV 800 XeV 1000 KeV
2c | 4 12 + 8 + 4 + 1
[+
T4y |+ 13 +12 + 11 + 11
16, | + 10 +10 + 10 + 10

1)

sRecent measurements of HOYER and WAFFLER / 26 7/ on the mass
stopping power for alpha-particles shows a greater deviation:
in hydrogen. At the Bragg-peak the results of HOYER and WAFFLER
are about 20 % lower than the values in this work, which are
based on the mass stopping power of hydrogen as calculated by
williamson / 10_/.
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ABSORBER,eeee WET TISSUE {ICRU)

IONesosess e PROTONS

ENERGY E 7EFF SN(E) SE(E) . ST(E) PATHLENGTH
KEV (KEV/MICRON) 7/ (GRAM/CCM) MICRCN*GRAM/C

0010 ’ 9019 5053 1“.82 7098E’03
0.1% 8.61 6460 15,51 1.13E=-02
0.20 8.00 7.97 15,97 1.45E-02
0.30 701“ ‘9.,7€ 16.89 2.05€E-02 .
.50 5496 124,80 13.5€ 2.18E-02
0.70 5.21 14.91 20.12 L.22E-02

-1.00 b2 17.82 22.23 5.63E=-02
1050 3-66 21.82 25.“8 7.73E“02
2.00 3006 25.19 28025 9,59E-(2
3.00 2.48 30.86 23,33 1.28E-01
5.00 1.78 39,84 41.61 1.82E-01
7000 143 “5051 46.94 2;27E-01

10.00 1.10 53.65 ' SL.75 2+8€E-01
15.00 0.82 62.98 €3.890 3.71E-01
20.00 0.66 71.21 71.87 4o4SE-01
30.00 049 A3.41 83.32 5.725‘01
50,00 0.33 94,68 95.01 7.94E-01
70.00 0.24 98,31 98,5¢€ €.,9G9€-01

100,00 0,13 95,6¢ .95,7¢ 1.31€E+00
150,00 0.09 84,29 A4.37 1.86€+00
200,00 G.07 73.3¢ 73.46 2.50E+400
300.00 0.05 59,13 59.1¢ L.03E+D0
400,00 0.04 50.05 50,069 S«87E+00
500,00 0.03 43,58 43.61 8.02€+00
600.00 0.01 38.74 28.75 1.05E+01
700,00 D.01 3495 34.96 1.32E+01
800.00 0.01 31.90 ‘ 21.91 1.62E+01
900,00 0.01 29.39 29.40 1.,94E+01

1000.00 0.00 27.29 27.29 2.30E+01
1200,00 0.00 23.94 23,95 J.08E+01
1500.,00 0.00 20434 20,34 LoWuS5E+01
1700.00 8.00 18.53 18,53 S.LAE+D1L
2000,00 0.00 16.39 16.39 7.20E+01
2500.00 0.00 13.82 13.82 1.05€E+02
3000.00 0.00 12.00 12.00 1.4LE+02
3500.,00 0.00 10.€3 10.63 1.89E+02

4000.00 0.00 9.57 9.57 2.38E+02
4500.00 0.00 8.71 ' 8.71 2.93E+02
©'5000.00 0.00 8.01 8,01 2.53E+0?
5500.,00 8.00 Tel2 742 4.18€+02
6000,00 ' 0.00 6.91 6,91 L,88E+02
6500,00 0.00 Belt8 GolsB 5.63E+02
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ABSORBEReeee e WET TISSUE (ICRUY)

IONsesseas e DEUTERONS

ENERGY E ZEFF SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 {GPAM/CCM) MICRCN®*GRAM/CCM
0.10 0.056 14.35 3.99 18.33 €.37E-03
0.15 0.069 13.76 L,828 18.65 C.07E-03
0.20 0.079 13.13 S.64 18.76 1.17E~02
0.3C 0.097 11.98 6490 18.88 1.71E-02
0.50 0.125 10.23 ’ 8.91 19.14 2.76E-02
8.70 0.147 9.07 10.54 19.61 3.79E-02
- 1400 0.175 7484 12,80 2044 5e29%E=-02
1.50 0.214 Bell 15.43 21.84 7.66E-02
2.00 0.2486 5.63 17.82 23,46 9.87E-02
3.00 0.298 4,33 21.83 26415 1.39E-01.
5.00 0.377 - 3423 28.18 31.41 2.09E-01
7.00 0.437 2+58 - 33.34 35.92 2.68E-01
10.00 0.508 2.01 39,85 ' 41.87 3, 45E=-01
20.00 0.660 1.25 53.61 S4.8¢ Se54E-01
30.00 0749 0.8€ 62,93 £3.80 7.22F-01
50.00 0.849 0.60 78.08 78.69 1.00£+400
70.00 0.902 Del5 87.5¢ 88.04 1.24E+00
100,00 0.944 .34 94,68 . 95.02 1.57E+00
150,00 C0.974 0..6 98,47 98,63 2+08E+00D
200,60 0.987 013 95.€% 95.78 2459E+00
300.00 0.996 0.09 8L, 26 84,35 3.71E+00
400.00 0.998 .07 73.3¢ 73,43 L.99E+00
500.00 0.999 0.05 65433 €5.38 €.43E+00
600,00 1.000 0.04 59.12 59.1€ 8.04E+00
700.00 1.000 0.01 54,19 S4.19 S.81E+00
800,00 1.000 0.01 50,06 50,06 1.17E+01
900.00 1.000 0.01 LE.57 46,57 1.38E+01
1000.00 1.000 0.0t L3.58 43.58 1.60E+401
1200.00 1.000 0.01 38.72 38.73 2.00E+01
1500.00 1.000 D.00 3334 13.34 2.93E+01
1700.00C 1.000 0.00 30.58 30.58 3.5EE+01
2000.00 1.000 0.00 27.28 27.28 L.60E+01

2500.00 1.000 0.00 23.24 23.24 €.50E£+01
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SORBERsses s WET TISSUE (ICRU)

ION0.0...OCALPHA'PARTICLES

ERGY E ZEFF SN{E) SE(E) ST(E)} PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRON®*GRAM/CCM
.50 0.089 35,11 11.02 LEellh 1.22E-02
0,70 0.105 33.30 13.086 46435 1.6€6E-02
1.50 0.154 27.21 19.11 46.32 3.3%E-02
2,00 C.177 24,38 22.07 4B 45 L.4eE~-Q2
3.00 0.217 20.63 27.03 47 .66 6.59E~-02
5.00 0,279 15.9¢ 34.89 50.88 1.07E-01
10.00 03292 10.71 49,34 60.05 1.97E~01
20.00 0.548 o BL71 59.78 76,49 JohbE-01
70,00 0.965 7?58 130.35 132.93 8.21E-01
100,00 1.115 24023 155.54 157.57 1.03E+00
150,00 1.294 1.48 191.43 192.91 1.31E+400
200.00 1.422 1.12 218,65 219.77 1.55E+00
300.00 1.593 .83 253,495 254,78 1.97E+00
400,00 1.701 0.61 27244°¢ 273.10 2.35E+00
00,00 1.773 0,37 278.,12 278449 2.71€£400
00.00 1.82¢4 D.31 275.67 275.99 2.07E+400
00.00 1.861 0.27 269.51 269.78 2e4uE+QO
00.00 1.849 0.2% 260421 260,45 3.82E+00
00.00 1.910 0.22 251.32 25154 4.21E+00
00,00 1.92¢ 0.20 241.25 241 445 4.61E+00
200,00 1.949 0.15 221,90 222,05 5.48E+00
02.00 1.97¢0 0,01 199,18 199,.1¢ - 8491E+400
po.CO 1.978 D.01 187 .41 187 .42 T«94E+DD
00.00 1.986 0,01 172.20 172.20 Q.61E+00
00.00 1.993 0,01 149,03 149.03 1.28€+01
00,00 1.996 0.00 132.22 132.23 1.63E+01
00,00 1.998 .00 119.0¢ 119.0¢% 2.03E+01
fo.00 1.999 .00 138.47 108.47 2.47E+01
00.00 1.999 0.00 99, 7¢ 99.76 2.95F+01
00,00 1.999 N.00 92.47 S2.47 J.47E+01
00,00 2000 0.00 86.26 86.26 4.03E+01
00.00 2.000 .00 86.90 80.90 4.63E+01
00.00 2.000 0.00 76423 76423 Se27E401
00,00 2.000 0.00 72.12 72.12 5.94E+01

00.00 2.000 0.00 68.48 68.48 E.66E+01




- 15 =

BSORBER.ess s WET TISSUE (ICRU)

ION...-..-.C?iZ RECOILS

NERGY E SN{E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRON¥GRAM/CCM
D.10 89,83 5.91 85,74 1,58E-03
0.15 100,59 7.23 107.82 2.08E-03
0.20 108,70 8435 117.05 253E-03
0.30 118.70 13.23 128.¢3 3« 34E=-03
0«50 130.94 13.21 144,145 4,30E=-02
.70 138,12 15.€3 153.75 Be14E~D3
1.00 142,97 138.€8 162.€4 8.03E-03
1.50 147.46 22.87 170.23 1.10E-02
2.00 148,43 264,41 174, 84 1.39E=-02
3.00 144,35 32.35 17¢€.€9 1.0¢E-02
5.00 133.91 41,76 17%.€8 2.0CFE=-02
7.00 124,10 4.4 173.51 L,2LE=02
10.00 112.04 59,06 171.10 5.28E~02
15,00 96.56 72.33 1ER. S0 8.,83E=-02
20.00 B4 ,37 83.52 - 1B87.€¢0 1.,19E£-01
30.00 69,01 i02.29 171,20 1.78E-01
50.00 52.14 132.06 184,20 2491E£~-01
70.00 L1.,69 156.2¢ 187.24 3.95E~01
100,00 32492 1836.76 219,€8 5.3GE=-01
150,00 25.19 228.73 252,¢2 7.50E~01
200400 19.64 264,12 283.7¢ 9.,3€E~-01
400.00 12.30 373.5? 385,82 1.53E+0C
500.00 10,11 417,61 L27.72 1.78E400
600,00 8.83 LS7.47 466,20 2.00E400
700.00 7.56 Lo4L,.12 501.€¢ R.21E+00
800.00 5496 528.24 535.20 2.40E+0D
900.00 Se24 560428 SE6LE3 2.58E400
000.00 5«59 5¢0.59 596.18 2.7€EE+00
200,00 5.06 646,096 652402 3.08E+400

500.00 bo17 723.32 727.50 3.51E+00




- 16 -
ABSORRBER.ees s WET TISSUE (ICRU)

ION.....Q..N'i“ RECOILS

ENERGY E SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRCN*GRAM/CCM
0.10 94.59 5.99 104,58 1.47E-03
0.15 111,22 734 118.56 1.92E-03
0.20 121.54 8.48 130.02 2.32E-02
0.30 132.99 10,38 142,37 3.05E~-03
0.50 148,89 13.40 162.29 4,35€-02
0.70 158,27 15.86 174,13 5.54E£-03
- 1.00 167,25 18.95 186,20 7.206-03
1.50 173.86 23.21 i97.07 9.,81E-03
2.00 178.30 26.80 20%.10 1.23F-02
3.00 176,06 32.83 208,288 1.71E-02
5.00 168,61 42.28 210.€9 2.86E-02
7.00 159,06 50.14 208.20 3.81E-02
10.00 146413 59,93 20€.06 5.06E-02
15.00 129,38 73.40 202.78 7.50E-02
20.00 115,09 84,76 199,85 9.99E~02
30.00 95.92 103.81 1c¢a,72 1.50E-01
50.00 73.69 134,01 207.71 2.4CE-D1
70,00 60.58 158.57 218,14 3.42E-01
100.00 47,40 189,52 236,23 _ be7UE=J1Y
150.00 37436 232412 269,48 6.71E-01
200,00 2R, 71 288.02 298,73 8.43E-01
300,00 22.77 328426 351.04 1.16E+00
400.00 is8.01 379.04 397.08% 1.42E+400
500,00 15.22 423.78 432,080 1.66E+00
600,00 13.29 Le4,23 477453 1.88E+00
700,00 11.56 501.43 512.¢9 2.08F+400
800,00 10,57 536405 Suhe. €2 2.27E+00
300,00 .37 5€8.57 577.¢4 2.45E+400
1000.00 8.37 599,22 607.70 2.E2F+00

1200.00 Telt2 656,52 €€3.25 2.93FE+00




- 17 -
ABSORBER.sess HET TISSUE (ICRU)

ION.......-O'iB RECOILS

ENERGY E SN(E) SEC(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRCN®*GRAM/COM
D.10 106,46 6.06 112,52 1.28F=-02
.15 120.54 Tol? 127.¢6 1.78E-03
0.20 131050 8057 1“0.07 2.17E‘83
0.30 147,10 10.49 167.59 2.,83E-02
0.50 165.32 1305“ 1?3087 QQGZE‘OB
0.70 177.07 16,032 193,10 5.,08E=-02
: 1000 188.30 19.15 2070“5 6.595‘03
1.50 198,66 23,46 222412 8.91E-03
2.00 204,10 27.09 231,19 1.11E£-02
3.00 208,17 33.18 2h1.34 1.53E=-02
5.00 202,14 42483 245.¢7 2.35€E-02
7T.00 194,86 50.68 2UB.54 3.17E=-02
10.00 181.q3 60057 2“2.50' QQSQE'OZ
15,00 164,01 74418 238410 6.4BE-02
20.00 149,34 85,66 238,00 8.59E-02
30000 126-23 104091 231014 1.?9E'01
50.00 97.98 135,44 233. 42 2.15E-01
70.00 82.05 180.25 242420 2.99E-01
100.00 66.16 191.5% 257.70 4L,20E-01
150,00 50.94 ‘34,59 2854573 be.04E-01
200,00 42,35 270488 312623 7.71E-01
300.00 30.68 331,76 262644 107E400
400,00 2576 382.08 40R.84 1,23E+00
500.00 21.51 428.30 44C,81 1.56E+00
600,00 18439 4€9.18 4L8g, 06 1.77E+400
700,00 16.47 50€.77 523.23 1.97E+00
800.00 15.00 541.76 S55€.76 2.16E+00
900.00 14.00 574,€2 5B8R,E2 2.33E+00

1000.00 12.70 605,70 618,41 2.E0E+TD




- 18 -
SORBERcees s WET TISSUE (ICRW)

IONQ.Q.O.O.F‘lg QECOILS

ERGY € SNA{E) SE(E) ST(E) PATHLENGTH
KEV {(KEV/MICRON)/Z{GRAM/CCM) MICRON*GRAM/CCM
0.10 113,74 5.94 119,¢€8 1.30€-03
0.15 129,33 7.27 13€.€0 1.6CE-03
0.20 141,22 8.40 149,€1 2.04E~-03
0.30 159,89 10.28 170.18 2.67E-073
0.50 180,55 13.28 193,83 3.7EE=-0T
0.70 194,92 15,71 210,83 Le75E-03
1.00 209,35 18,78 228417 6411E-023
1.50 223.62 23.00 246461 8.21E-03
2.00 231.55 26.55 258,11 1.62E-02
3.00 240 4B 32.52 272458 1.40E-02
5.00 239,26 41.98 281.24 2¢11E~02
7.00 233.96 49,68 283.€4 2.R82E=02
10.00 222 .57 69,37 281.94 3.88E~-02
15.00 204,09 72.72 27€. 81 5.67E£~02
20.00 188,87 83.97 272.83 7Tel48E-02
30.00 162,62 102,84 2BEL 46 1.,12E-01
50.00 130.18 132.7¢ 262.94 1.88E~01
70.00 109.95 157.09 267404 2.64E-01
100,00 90,18 187.76 277.94 Je7UE=01
150,00 69,48 229,95 299, 4Yy G.47E-01
200,00 5788 265,53 322,40 7.08E=-01
300.00 L2.,96 325.210 368,17 9.C7E-01
400,00 Iu, 70 375.51 410.21 1.25E+400
00,00 30,84 419,83 L50.,€8 1.4QE+400
00.00 26426 459.91 486,17 1.70E+00
00,00 ?3.93 4Ce,.,76 520.€9 1.30E+00

00.00 19,21 563.27 58248 2426E+00




BSORBER.see e WET TISSUE (ICRUY

ION..O.O...S‘BZ RFCOILS

NERGY E SNA{E) SELEDY STLE? PATHLENGTH
KEV (KEV/MICRON) /(GRAM/CCM) MICRCN*GRAM/CCM

0.10 142,00 6.16 148,16 1.06€-03
0.15 162.28 7455 186G, 82 1.37E-03
.20 179,89 8,71 188,81 1.656-023
030 207,68 10.67 218428 2.14E-03
0.50 244,18 13.78 257.G¢ 2+98F=-03
0.70 269447 16,30 285,77 3471E-023

1.00 301,02 19,48 320.51 L.70€E-03
1.%50 328,98 23.886 362,84 6.18E-02
2,00 351,328 27.55 378.23 7.566-03
3,00 380484 33.75 4i1h.E9 1.01E-02
5.00 412,69 L3.57 45€,25 1.4€E-02

20,00 424,69 . B7.14 511.82 Lel47E-02
50,00 3156475 137,77 494,52 1.04E-01
70,00 I23.16 163.0°2 486,18 1.45€-01

100.00 279,61 194,84 474,45 2.08E~01
150.00 232435 238.62 L70.¢8 3.13E-01
200,00 200.67 275455 h7€.,22 4,19E-01
300.00 160.46 327.47 487,23 6.25E-01
400.00 134,23 389,68 523.6G1 B.21E=-01

114,01 435.68 S4c,€¢ 1.01E+00

104.886 477.26 582.12 1.18F400




- 20 -

ABSORBER.es e+ TISSUE EQUIVALENT PLASTIC (SHCNKA)

Ioh. s 00 .'pROTONS

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRON*GRAM/CCM
0.10 0.079 10.1¢ hel13 16432 7432E-03
0.15 0.097 9,53 7.51 17.04 1.03E~02
0.20 0.112 8,93 B.67 17.61 1.32E=-02
0,30 0.136 7.3¢ 10.62 18.61 1.87E-02
0.50 0.175 6,73 13.71 20.44 2.90E-02
0.70 0.207 5.91 16.22 22412 2.84E-02
1.00 D246 5.01 19.39 24.40 5.13E~02
1.50 0.298 4,18 23475 27.93 7Te04E-D2
2.00 0.340 3.49 27,42 30.91 Be7UE=-D2
3000 0.‘009 2086 33e5q 36."&5 1017E‘01
5.00 0.508 2.08 43,36 45,42 1.66E-01
7.00 0.580 1.69 L3.87 51.3¢ 2.08E-01
15.00 0.749 1.00 69,25 70.25 3,38t=-01
20.00 0.808 0.77 77455 78432 4,05E=-01
30,00 0.879 0.5¢9 90.52 ci1.11 5.23E-01
50.00 0.944 0.38 103.04 103,42 7.27E=-01
70.00 0.970 0.30 107.51 107.81 8.15C-01
100.00 0.987 .16 106.5C 106.71 1.19E+09
150.00 0.996 0.12 91.€0 81.72 1.70E+00
200,00 0.998 0.09 78,72 78.81 2429E+00
300.00 1.000 D.07 61,.9¢€ €2.02 J473E+00
400,00 1.000 0.05 52.06 52.11 5.50E£400
500.00 1.000 0.02 45,19 45.21 7.5€FE+00
600400 1.000 .02 40.0€ 40.07 0492E+00
700,00 1.000 0.01 36.07 36.09 1.26E+01
A00.00 1.000 N.01 32489 32.90 1.556+01
ag0,.00 1.000 0.01 30.27 30.28 1.8¢E+01
1000.,00 1.000 0.01 28.08 28 .09 2.21E401
1200,00 1,000 0.01 24460 24,61 2.97E401
1500.00 1.000 0.01 20.8€ 20.87 L.30E+D1
1700.00 1.000 0.01 18,99 18.99 S5.30E+01
2000,.00 1.000 0.00 16,79 16.79 £.99E+01
2500,.,00 1.000 0.00 14414 14.14 1.028+02
3000.00 1.000 0.00 12.2¢€ 12.26 1.41E+02
3500.00 1.000 0.00 10.8€ 10.8¢6 " 1484E+402
4000.,00 1.000 0.00 9,77 2,77 2433E+02
4500,00 1.000 0.00 B.8C 8.89 2.86F+02
5000,00 1.000 0.00 Bel?7 8.17 3.45E+0?
5500.00 ‘1.000 0.00 7.56 7456 L.09E+02
6000.00 1.000 0.00 7.05 7.08 L,77E+D2

6500.00 1.000 0.00 6.60 6.60 S«51E+02




ABSORAER.eeee TISSUE EQUIVALENT PLASTIC (SHCNKA)

ION. L B N 'DEUTEQONS

ENERGY E ZEFF SNA(E) SE(E) ST(E) FATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRON¥GRAM/CCM
0.10 0.056 15.99 be3l 20433 5.78E-03
0.15 0.069 15.28 5,21 20.59 8.22E-03
0.20 0,079 14.6E€ 6413 20.79 1.06E-02
0.20 0,097 13.3€ " 7.51 20,87 1.54E-02
0.50 0.125 11.45 g.70 21.15 2450E-02
0.70 0147 10.17 11,48 21.€5 3.43E-02
1.00 0.175 B.78 13,72 22.48 4,79F=-02
1.50 0.214 7.20 16.80 24.00 £.G5E~02
2.00 D.246 6e27 19,490 25.67 R.Q7E=-02
3.00 0.298 4.910 23.7¢ 28.66 1.26E-01
S.00 0377 3463 30.67 34,30 1.,80E=-01
7.00 0.%37 2497 .36029 39026 EQQSE‘Ui
10000 00508 202“ h3.38 Q5.62 3-156“01
15‘00 0.596 1.71 51029 53.00 QtiTE'Ol
20.00 0.660 1.40 58.58 £9.,98 5.06E-01
30,00 0o 749 1.00 69,23 70.23 £.59E-01
50.00 0.B49 0.67 84,66 B5433 9.,16E~01
70.00 0,902 0.54 95.02 95 .56 1.14E+00
100,00 0.9u44L 078 103.03 103.41 1.44€£+400
150.00 0.974 Bect 108.462 10R8.22 1.91E+00
200.00 0,937 D.16 106,54 106.69 237E+400
200,00 0.996 N.12 91,57 g91.69 2.38E+00
400,00 0.998 0.09 78460 78.78 Le56E+0D
500.00 0,999 0.03 69442 €E9.45 5.92E+400
600,00 1.000 0.03 61,97 £1.99 7.44E+00
700.00 1.000 0.02 56452 56.54 9.14E+00
800.00 1.000 0.02 52.07 £2.09 1.10E+01
900.00 1.000 0.01 48.34 48 .36 1.306+01
1000.00 1,000 0.01 45,17 45.18 1.,51E+01
1200.00 1.000 0.01 40.04 4D.05 1.98E+01
1500, 00 1.000 0.01 34,38 34439 2+.79E+01
1700.,00 . 1,000 0.01 31.50 21.51 2 40E+01
2000.00 1.000 0.00 28.07 2R.07 L,L1E+01

2500.00 1,000 0.00 23.87 23.87 €.35E+01




- 22 -

BSORBER.eoes TISSUE EQUIVALENT PLASTIC (SHCNKA)

IONQOQOQQOOALPHA-pARYICLES

NERGY E 2EFF SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRON*GRAM/CCM

0e.10 D.040 33,35 5.69 45.03 2.96E-03
0.15 0.049 40.68 6.96 47 .64 4,03E-N3
0.20 0.056 41.13 8.04 L9.17 5.076-03
0.30 0.069 41,13 9,85 50.98 7.06E-03
0.50 D.089 38,91 12.7% 51.62 1.10E=-02
fe70 0.105 36.69 15.04 51.73 1.48F=-02
1.00 0.126 33.73 17.98 51.71 2.0et=-02
1.50 0.154 29,.,7¢€ 22.02 51.79 2,03E=-02
2.00 0177 26467 25,42 £2.110 3.9CE-02
3,00 0,217 22.30 31.14 53.45 5.8CSE=~02
5.00 0.279 17.15 40.21 £7.36 C.,50E=-02
7.00 0330 14.08 47.57 €1.85 1.29E-01
10000 O.3Q3 11.52 56.86 68038 1.75E‘01
15,00 O.478 8,80 69, 64 TBelly 2.43E-01
20.00 005“8 7.32 800“1 8707“ 3003E‘01
30,00 0.663 5.22 98,49 103.71 4,0R8E~01
50,00 0.835 2.69 127.13 120.82 S.78E~-01
70,00 0.965 2.78 149.20 151.9¢ 7.19F=-C1
100.00 1.115 2.18 176472 178.90 S.00E~C1
150,00 1.294 1.52 2172.€¢ 214418 1.,16E+00
200,00 1.422 1.2¢ 241 .64 242.89 "1.37€E+400
300.00 1.593 0.83 281,31 282414 1.,75E+00
400,00 1.701 .70 200,78 201.48 2.09E+00
500.00 1,773 .39 380.€9 301.08 2. 42E+DD
600,00 1.824 0«34 296,31 296.65 2.7EE+0D
700,00 1.861 0.30 287.90 288,21 ~ 3.10E+00
800,00 1.889 0.27 2T7.72 277.989 2.45E+00
300,00 1.910 .24 267.15 267.39 2.82E+00
$00.00 1.926 .22 256.,€3 256,85 L.20E+00
P00.00 1.949 0.04 736,78 236482 5.01E+00
500,00 1.970 0,02 211.38 211,41  Be36E+00
y00.00 1.978 0.02 197.1¢ 197.18 7.34E+00
D00.00 1.986 0.02 178.,50 178.51 R,A93E+00
500,00 1.993 0,01 154,01 154,02 1.20E+01
100.00 1,996 0,01 136439 136.40 1,54E+01
600,00 1,998 0.01 122.€4 122.€5 1.82£+01
i00.00 1.999 0.01 111.¢€0 111.61 2.36E+01
500,00 1.999 0.00 102.5¢ 102.5¢ 2482E+01
D00,00 1.999 0,00 94,938 94.98 3.33E+01
500,00 2.000 .00 88.54 B8.54 2.83E+401
D00.00 2.000 g.00 83.00 A3.00 Le4bE+D1
600,00 2.000 0.00 78617 78.17 5.08E+01
000,00 2.000 0.00 73.92 73.92 S«74E+01

600,00 2.000 0,30 70.15 70.15 Bab4GE+DL




- 23 =

ABSORBEReaees TISSUE EQUIVALENT PLASTIC (SHCNKR)

ION...-....C'iz RECOILS

ENERGY E SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)/Z (GRAM/CCM) MICRON®*GRAM/CCM

0.10 100.08 6.322 106440 1.43E-03
0.15 112,45 774 126.21 1.,87E-03
0.20 119,99 B.94 12843 2.27E~03
.30 131,62 10.95 142.56 3.00E-02
0.50 144,85 14,13 158,¢c8 4,32E-02
0.70 152451 16.72 169,23 SeS4E=-Q2

1.00 157.69 19.99 177.€7 7.27E-03
1.50 161,92 2holi8 186440 1.00E=-02
2,00 160,49 28427 188,76 1.276-02
3.00 156022 3,52 190.84 1079E‘02
5.00 143,79 LLt.69 188,48 2.84F~02
7.00 1X2.56 52.88 1854 Ly 3.91E-02

10.00 119,32 £3.21 182.52 5.55E=-02
15.00 101.48 77.41 178.89 8,32E-02
20,00 88,92 89.39 - 178421 1.11E-01
30,00 72.42 109,48 i81.,¢90 1.67€E-01
50.00 5“.03 1“103“ 195.36 2.73E‘01
70.0ﬂ “2:?2 167023 20G,¢5 J.72E-01

100.00 24496 189,88 234484 5.07E=-01
150,00 25.21 244,80 270.01 7.05€-01
200.00 21.27 282.67 302.¢4 8.80E-01
300,00 15.63 346.20 361.83 1.18E+00
400,00 12,40 3689,7¢ 412415 1.44E+00
500,00 10.57 LL6.94 457.51 1.67E+00
600.00 8487 489.60 LS8, 47 1.88E+00
700.00 7.50 528,83 53€.,33 2.07E+00
800,00 £.89 565434 572.23 2.25E+00
900.00 6e75 589,63 £0€.29 242E+DQ

1000.00 6;10 632.07 6224147 2+58E+400
1200.,00 5.01 6C2.40 697440 2.RAE+00
1500.00 4.07 774412 778,19 3.29E+400




- 24 -

ABSORBERsse e« TISSUE EQUIVALENT PLASTIC (SHONKA)

ION.O.OCOOON‘ib RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRON) 7 (GRAM/CCM) MICRON*GRAM/CCM
0.10 109.39 6.40 11€.29 1.226-02
0.15 123.99 7.84 131.82 1,72e-02
0.20 135.26 9,05 144,20 2.,08E-03
0.30 147.52 11.08 158.,€0 24.75E-012
- 1.00 183.90 20,23 204413 6.52E-03
1.50 190.€2 24,78 21%.40 8.91E-023
3.00 191.05 35.04 22¢€,09 1.56E-02
5.00 181,33 45.24 22€.56 2.45E-02
7.00 170.02 53.52 223.%4 3.33E~02
10.00 155.36 €3.,98 219.3% 4.69€£-02
15.00 136449 78,35 214,84 6.SCE=-02
20,00 120.59 90.u7 211.06 9,34E=-]2
30.00 948,75 110.81 210.5¢€ 1.41£-01
50,00 76.43 143.05 219,49 Ce34E~D1
70,00 62.69 169.2¢ 231.¢5 3.23E-01
100,00 LAL40 ?02.31 250,71 _ 4.47E-D1
150.00 J7.87 ch7.77 28S.€4 6.33E-01
200,00 2R.72 288,11 314,83 8.00E-01"
300,00 23.02 350.41 373, U2 1.0SE+00
400.00 18,66 404,61 b23.27 1.34E+00
500,00 15.35 452,27 4L67.72 1.57E+400
600,00 13.85 485,55 50S.40 1.77E+00
700,00 12.08 535425 547,33 1.96E+00
800.00 10,59 572.21 582.80 2.14E+00
900,00 .31 606.22 616,23 2.30E+400D
1000.00 8.29 639,75 BuR, 04 2.46€£+400

1200,00 8.06 700.81 708.88 2.7EE+00




- 25 -

ABSORBEReees e TISSUE EQUIVALENT PLASTIC (SHCNKA)

IONQ.O..Q..O-is RECOILS

ENERGY E SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRON*GRAM/CIM
0.10 118,65 bbb 125,10 1.23E-03
0.15 133,99 7.90 141.89 1.,61E-02
0.20 146,81 9.12 155,423 1.94E-02
0.30 162006 11.17 ‘ 173,23 2e54E-03
0.50 182,93 14,42 197,28 3.82E-03
0.70 195,67 17.07 21274 4,59E-03
1.00 207 .56 20.40 227.96 5.95E-03
1.50 217.38 24,98 242.26 8.0€E~D3
2.00 224,26 28.85 253,11 1.01E-02
3.00 225.12 35433 2E0L 46 1.39E-02
5.00 219,73 45.61 265435 2.15E-02
7.00 209,73 53.97 283,70 2.91E-02
10.00 195,00 64,50 25Q9.51 4.0SE=-02
15.00 175.36 79.00 2544236 6.00E-02
20.00 158,25 91,22 242447 7.99E-02
30000 133.85 111.73 245057 10205'01
50.00 103.49 144,24 247473 2.02E-01
70.00 86,02 170.€6 25€E.E9 2.82E-01
100.00 68,081 203,68 272479 3.95E-01
150,00 5“.59 249,83 30@0“2 SQBqE'Ui
200,00 L3,.,24 288,48 331.71 7.28E-01
300.00 33.45 353.31 3BE.76 1.01E£+00
400,00 26,29 407,97 434,25 1.25E+00
500.00 22.53 456,12 L784,€5 1.47E+00
600.00 19.30 499,65 518.26 1.,67E+00
700,00 16.81 539.69 55€450 1.86E+400
800.00 15.86 576.95 502,81 2.03E400
900.00 14,31 611.65 626425 2+19E+400

1000,00 12.89 645.05 657.%4 2.35€+00




I
o
[O)

1

ABSORBER.eeas TISSUE EQUIVALENT FLASTIC (SHCKNKA)

ION.Q..Q.OQF‘iq pECOILq

ENERGY E SNAE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y / (GRAM/CCM) MICRCN¥CRAM/CCM
0.10 126,33 he31 1232.€4 1.17£-03
0.15 143,47 772 1%1.19 «S3E=-02
0.20 155,956 3.92 164,49 1.84E-02
0.30 177,20 10.93 188,142 2.L1E-0Q3
0.50 199,36 14,31 213445 J.L0E~-02
0.70 214,63 16.69 231,22 Le20E-023
1.00 229,83 19.85 249,79 5.54E=02
1.519 244,99 2hobily 2EC,L 43 7 47E-02
2.00 251.67 28,22 27%.88 9,28E-03
5.00 258,77 Ly, €e? 30238 1.24E-02
7.00 251,63 52.7¢ 30botu2 2.E0E-Q02
10,00 227.96 63.10 301.06 3.58E-072
15.00 217,04 77.28 264,232 5:27E=02
20,00 200467 89.23 289,40 6.C8E-02
30.00 171.86 109.29 281.15% 1.05€~-01
50,00 135,66 141.09 27¢€.74 1.77€-01
70.00 114,62 166.94 281.5¢ 2.4CE-01
100.00 943,67 189.52 2¢2.20 3.53E-01
150.00 71.44 2Lk, 27 31¢,.81 5.17E~-01
200.00 61.82 282.17 243469 6.6SE=01
300,00 43.40 345,59 388.%¢9 9.42€-01
400.00 37.81 399,05 426487 1.19E+00
500.00 21.36 LLB.15 477,.%1 1.40£+00
600,00 27433 488,74 516.07 1.61€+00
700,00 24 b4 527.90 SE2.34 1.7¢E£+00
300.00 21.70 564,425 586,05 1.87E+00

900.00 19,54 5¢8.58 818,12 2.13E400
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BSORAEReeeee TISSUE EQUIVALENT PLASTIC (SHCNKA)

ION......-.S‘32 RECOILS

INERGY E SN(E) SEL(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Z(GRAM/CCM) MICRON*GRAM/CCM
0.10 154.14 bel8 1€60.€2 9.,74E-04
0.15 176426 793 184,19 1.,26E£-03
0.20 195,27 9.16 204443 1.52E~03
0.30 224488 11.22 236410 1,97E~-03
0.50 264,30 1448 278.78 2.75E=-03
0.70 291,73 17.14 308.87 J.43E-03
1.00 124,88 20448 345,36 be3SE-D3
1,50 354457 25.09 279.€5 5.73E-03
200 377 .84 28.97 406,81 7.00E-03
3.00 408,36 35.48 LL3.83 9.34E-02
5.00 Lil.40 45.80 4A7.19 1.36E-02
7.00 454,29 54,19 508,48 1.7€E-02
10.00 466,92 6L 77 531.€9 2¢34E-D2
15.00 458,03 79.33 537.36 3.28E-02
20.00 4u?7,52 91.640 + 539,12 L,21E~-02
30,00 420,48 112.18 532.€8 6.07E=02
50.00 371.84 144,83 51€.€7 9.,89E=-02
70,00 335,05 171.3%6 506442 1.38E-01
100.00 288442 204,82 L83, 24 1.88E-01
150,00 238449 250.85 489,24 3.00E-01
200,00 206,08 289,66 495,73 L.01E-D1
300,00 164,15 354,76 518,91 5.99E-01
400.00 136.45 Li9.64 54E.09 7+.86E-01
500,00 115,73 457.99 573.72 9.65E-01

600.00 106.34 501.70 €08.04 1.13E+00




ABSORAER.eese TISSUE EQUIVALENT GAS 1

IONeesoeee s PROTONS
ENERGY E ZEFF SNALE) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRON) /(GRAM/CCM) MICRON¥*GRAM/CCM
0.10 0.079 9.26 5,92 15.19 7,81F=-03
0015 00097 8061 7025 15-87 1010E’02
0.20 0.112 7.99 8.38 16,37 1.41E-02
0,30 0.136 7.0¢6 10.2¢ 17.32 2.01E-02
0.50 0.175 5.82 - 13.25 19,07 3411E-02
0070 00207 5.04 15.67 20‘72 L.11E-02
1.00 0.246 he?21 18.73 22494 5.,49E-02
1.50 0.298 J.45 22.94 26.43¢ 7.52E-02
2,00 0340 283 26449 28.32 G.,31E~-02
2.00 0.409 2.27 32,64 b 72 1.24E-01
SQDU 00508 1.60 “1088 L3,4L8 1:76E’01
7,900 D.580 ) 1.28 L7.%4 49,22 2+19E-01
10.00 0.660 0.9¢€ 56.55 ' 57.51 2.75€-01
15.00 0.749 B.72 66453 67.31 3.55€-01
20.090 0.808 0.5€ 74,50 75.47 4.25E=-01
30.00 0.879 0.2 87.57 87 .99 5.47E-01
90000 0.9%& 0-28 99050 99.77 ?158E’81
70,00 0.970 0.21 103.5¢ 103.77 G.54E~01
100.00 0,987 0.10 101.78 101.87 1.24E+00
150,00 0.996 Ne07 88.54 28.61 1.77e+00
200,00 0.998 0.06 76.58 76.64 2438E+00
300,00 1.000 Ds04 60.96 81,00 3.,85E+00
400,00 1.000 0.02 51.41 S1i.44 S.e5E+00
500.00 . 1.000 0.01 L4L,68 44.70 T74F+00
600.00 1.000 D00 29,¢6 29,6€ 1.01E+01
700.00 1.000 f.00 25.74 35474 1.28E8+401
800.00 1.000 0.00 32.59 . 22.59 1.57E+01
900.00 1.000 0.00 30.01 20.01 1.89¢F+401
1000.00 1.000 0.00 2784 27 B4 2+24E+01
1200.00 1.000 Ne00 2hell 24441 2.01F+01
1500.00 1.000 0,00 20.71 20.71 L,35E+01
1700.00 1.000 6.00 18.85 18,85 Se36E+01
2000.00 1.008 0,00 16,67 1667 7.06E+01
2500.00 1.000 0.00 14,04 14.04 1.,03€+402
3000.00 1,000 8.00 12.18 12.18 1.42E+02
3500.00 1.008 0.00 10.79 10.79 1.85E+402
4000.00 1.000 0.00 2,71 9.71 2.34E+02
4500,00 1.000 0.00 884 ‘ 8.84 2.88E+402
5000.00 1.000 0.00 8.12 8.12 2L,47F+02
5500.,00 1.000 0.00 7.52 7.52 4,12€+402
6000.00 1.000 ' 0.00 7.01 7.01 4,80E+02

6500.00 1.000 0.00 6.57 6.57 S.54F+02
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ISORBER s ees TTSSUE EQUIVALFENT GAS 1

IONeeeseos s DEUTERONS

NERGY E 7EFF SNA{E) SE(E) STHE) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRCN®*GRAM/GCM
0.10 0.056 1“.68 “.19 . 18.87 601QE°03
0.15 0.069 13.99 5.13 19.12 B.82E=-03
0.20 0.079 13.33 5.€2 19,2¢ 1.14E-02
0.30 0.097 12.08 7.26 19.33 1.66E-02
8.50 0.125 10.22 9.27 19.5¢ 2.69E-02
0.70 Deit7 9.00 11.09 20.09 2.70E=-02
1.00 0.175 7.68 13.25 20.965 5.16F=-02
1,50 0.214 H.23 16,22 2246 7e47F=032
2.00 002“6 50“1 18.74 ?“015 9062E'02
3.00 0.298 Lo13 22495 27.08 1.35E-01
5.00 2377 3.03 29,62 12.6¢€ 2.02E-01
7.00 0els37 2,43 35.0F 27 .49 2.5%E-01
10.00 c.508 184 b1.90 U374 3.32E-01
15000 0.596 1036 “gokg 50085 “0&05'01
20.00 £.660 o 1.14 56451 €7.65 S.32E=-01
30.00 t.740 0.78 66455 E7.33 t.C2E~-01
50.00 0.849 0.54 B1.94 B2.4LR C.58E=-01
70.00 £.902 0ot 91.¢2 C2.34 1.,16E+00
100.00 S.9u4l 0.30 96,49 99,79 1.50€+090
150.00 0.974 0.14 103.88 104.02 1.98E+00
200.00 t.087 N.11 101.75 101.86 2. 47E+0Q
300.00 0.996 0.08 88,590 Ag.58 2.52E+010
400,00 0.998 N.0¢ 76455 76.61 4L,74F+00
500.00 0.998 . D.02 7,83 €7 .8€ EelEHDND
600,00 1.000 0.02 604,95 £0.97 7.69E+09
700,00 1.000 B.00 56,72 556,73 C.L1E+00
300.00 1.000 0.00 51.42 1.42 1.,13E+01
900.00 1.000 0.00 47.78 47.78 1.32F+01
000.00 1.000 0.00 Lbu.67 Lt .67 1.55E+01
200.00 1.000 0.00 39,64 29,064 2.02E+01
500,00 1.000 0.040 34,07 4,07 . 2.84E+0L
700.00 1.000 0.00 31.22 21.22 2J46E+01
000.00 1.000 0.00 27483 27.83 Le4RE+(1

500.00 1.000 0.00 23.68 23.68 Gel3E+01
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ABSOKBER., ¢4 TISSUE EQUIVALENT GAS 1

ION.QnocoooALPHA'pARTICLES

ENERGY E ZEFF SNAE) SEAE) ST(E) PATHLENGTH
KEY (KEV/MICRON)Y /7 (GRAM/CCM) MICRON®GRAM/CCM
0.10 0.040 27,12 535 42,49 2,14E-03
0.15 0.049 38,33 6458 Lst,8¢ L,27E-03
0.20 0.056 38,81 7.57 L6.38 C.37E~03
0.30 0.069 33.70 "9.28 47,97 7T.48E=-N3
0.50 0.089 36462 11,97 L8.5¢ 1.16E~-02
0.70 0.105 34,57 14017 LB.73 1.57€=-02
- 1400 0.126 31.7¢ 16,82 L8.HS 2+19€-02
1050 0.15“ 23-00 200?“ “8.7“ 3022E'0?
2.00 0,177 25.03 23.95 48,98 Ls24E=-(2
3.00 0.217 20-98 29033 EGO31 6026E‘02
5.00 0.279 16.11 37.87 53.97 1.01E=-01
7.00 0330 ‘ 13.11 bboRD 57.91 1+37E~-01
10.00 0.393 10,73 53455 ' Ehe28 1.86F=-01
15.00 0478 Be2l 65,58 73.82 2+58E-01
20.00 005“8 BeT4 75.73 g?n“? 3022E”Dl
30,00 0,663 4L.90 92.75 87 + 66 4433E-01
50,00 0.835 3 45 119.73 123.18 £.liuf-G1
70.00 0,965 2454 140,94 143,48 7.64E~-01
100.00 1,115 2e( 167,48 1€9.,46 S.5€ef-01
150,00 1.294 1442 203.¢67 205.0¢ 1.22€+00
200,00 1.422 1.13 231.91 . 233.03 1.45£400
300.00 1.503 0.78 269,42 270.20 1.85E+30
400,08 1.701  D.62 288,45 289,07 2.20E+00
500.00 1.773 0.35 291.38 2G1.74 2¢55E+010
60000 1.824 0.30 288,08 : 2R8,38 2.83E+00
700,00 - 1.861 0.286 280.81 281.07 2.24€400
800.00 1.839 Na24 271.00 - 2T1.24 J.EQE+0D
900,00 1.910 D21 261.20 PEl.b1 2.G8E+00
1000,00 1.926 1.19 250,77 250.9¢ 4o 37E+T0
1200.,00 1.949 0.08 230.97 221.05 S5.20E+00
1500,00 1.970 0.00 206, €8 206,66 6+5RE+00
i1700.00 1.878 0.00 133,57 1¢€3.57 758E+00
2000.00 1.986 0,00 176,51 176.51 3.20E+020
2500,00 1.993 0.00 152.48 152.48 1.,22£401
3000.00 1.9386 0.00 135.11 135,114 1.58E+01
3500.00 1.998 N.00 121.55 121.55 1.97E+01
4000,00 1.999 0.00 110.65 110.65 2e40EXD]
4500,00 1,999 0,00 101.70 101.70 2.B7E+D]
5000.00 1.999 0.00 94,21 L, 21 2.28E+01
5500,00 2.000 0.00 A7.85 87 .85 3,.93E+01
6000.00 2.000 ) 0.00 82,36 B2.36 4aS52E+01
6500.,00 2.000 0.00 . 77.58 77.58 S5.14E+01
7000,00 2.000 0.00 73438 73.38 5.81t+01

7600.00 2.000 0.00 69.65 . €9.,€5 E.51E+01
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ABSORSFReseee TISSUE EQUIVALENT GAS 1

ION..-..-.-C‘ie PECOILS

ENERGY E SNI(E) SE(E) ST(E? PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRCON®*GRAM/CCM
0.10 95,713 halh 101.%4 1,49E-03
0.15 107 .46 7.54 115,00 1.C5F=02
0.20 115.33 8.71 124,04 2.37€-03
0.30 126.21 10.67 13€,87 3.14E=-03
0.50 139,03 13.77 152.890 L.51E-03
.70 146049 16.29 162.78 5.78E-023
1,00 15?2.02 19.47 171.49 7.57E-02
1.50 155,89 23.85 179.74 1.04E=-02
2.00 155,F0 27.54 183.14 «22E-02
3.00 151,32 33.73 18¢€.05 1.86E-02
5.00 129.73 L3.54 182,27 2.84E-02
7.00 129,07 51.52 1R0.59 Ll,04LE=-D2
10,00 116,30 61.58 177.88 5.72E=-02
20,00 B87.00 87.09 174,08 1e14E-01
30.00 70.95 106066 177‘60 1.71E’01
50.00 53422 137.70 190,92 2.80E-01
70,00 L2429 1€2.22 205.21 2.81E-01
100,00 23.99 194,73 228.72 5.1¢£-01
150.00 25.20 228450 263,70 7.23E-01
ZGU.OO ZU'Qé 2?5.39 295.86 9001E'01
300.00 15.37 337.29 352.€6 1.21E+00
400,00 12.35 388.47 401.81 1.47E400
500,00 10.34 L3%.44 Lu5,77 1.,71E+400
600.00 ReRS 4L77.00 485.84 1.93€£+400
700,09 7.53 515,22 52274 2.12E+400
A00,00 he01 550.79 567.70 2+31E400
300,00 €o49 584420 5¢0.€9 2.48E+00
1000.00 5.84 615.80 £21. €4 2.€5E+00
1200.00 5403 674,57 870.€1 2.96E+00

1500.00 L1 754.20 758,21 3+37E+00
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ABSORBERseees TISSUE FQUIVALENT GAS 1

ION........N‘l“ RECOILS

ENERGY E SN(ED SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y Z{GROM/OCM) MICRONTGRAM/CLM
0.40 105415 bell 111,39 1.,38E-073
0.15 118,€2 TeEL 12€.2¢ 1.80€-03
0.20 129,50 .82 138422 2.18E~03
0.30 161,43 10.81 162,23 2.87E=03
0.50 157.948 13.685 171.¢3 4.09E-03
0.70 167.57 16.51 184,08 5,22€~-02
1.00 176,95 19.73 19€.€8 6.79F-03
1.50 182,61 2Lbo17 207.78 G.2EE~QZ
2.00 187.94 27.91 215.85 l1.16E-02
3. 00 184,82 24,18 21¢.00 1.62E-02
5.00 176.96 bs,12 220419 2.53E=~02
7,00 165,49 52.21 217.70 3elyE-Q2
10,00 151,53 E2440 212,¢3 4L RIE-02
15,00 123,55 7643 206,¢7 7.18E=-02
20,00 118,31 88,25 ?0E.56 9,58E£-02
30.00 QR, 14 108.08 20€.23 1etbE~D1
50,00 75,24 139,62 214,77 2.40E=-01
100.00 h7095 1g7§33 2“5'28 “.SBE‘Ui
150,00 27.65 241,68 279423 belUBE-01
200,00 28471 279.07 307.77 8.18E-01
300.00 22+89 341.79 36L.€8 1.12E400
400,00 18,33 384, €6 412.99 1.27E+00
500.00 15.28 441,24 45€.,5°? 1.60E+00
600,00 13.56 483,386 486,62 1.81E+00
700,00 11.81 522.0¢9 £33.89 2¢01E+00
8300.00 10.57 558,13 5€8.70 - 2.1CE+00
300,00 9,33 5¢1.¢99 €01,22 2.36E+00
1000.00 A.31 624,01 632,32 2.52E400

1200.00 773 683.57 €391.,20 2.82€E+00
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ABSOR3FER.eeee TISSUE EQUIVALENT GAS 1

ION.:...:..O'iE QECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KFV/MICRON) 7 (GRAM/CCM) MICRCN*GRAM/CCM
.10 11?2.96 6.20 11¢,2¢€ 1.30E-02
0.15 127.€9 7.71 13%.40 1.6C¢E=-02
0.20 139,61 8.01 148,51 2,04E-03
0.30 155,05 10.91 1€c.¢E 2.€7E-02
0.50 174,57 14.08 138.€5 3.,7CE-07
1.00 198,34 19.¢2 218425 6.23E=-03
2.00 214446 28.17 2U2.€3 1.,06E-02
5.00 211.35 Lt 54 2655, BA 2.24E-02
7.00 202.08 52.70 254,78 3.03E=-02
10,00 183,09 £2.98 251,07 L.21E~-02
15,00 169,17 77.14 246,21 6.22E-02
20.00 1563.21 89.07 2L2.29 B.27E-D2
30.00 129,37 109.09 228,46 1.24E-~01
50.00 100,06 140.84 240.€0 2.08E-01
100.00 66492 199.17 266409 L.06E=-D1
150,00 52429 243,923 2€€,.2? 5.REE-01
200.00 42,37 281.€7 32u,.05 7T.4€E=-01
300.00 31.72 344,98 27¢t.EC 1.03€+00
400,00 25473 398.34% 424,08 1.28E+00
500,00 21.80 445,36 467.1€ 1.51E+00
700.00 16.42 526.96 542,28 1.90E400
RO0.00 15.24 563.24 578.5¢ 2.08E+00
900.00 12,99 537.51 611.50 242CE+00

1000.00 12.64 629.84 642,48 2.41E+00
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ABSORBEReesee TISSUE EQUTVALENT GAS ¢

ION........F‘lq pECOILS

ENERGY E SNAE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)/ (GRAM/CCM) MICRON®GRAM/COM
0.10 120,61 6.17 12€.,78 1.,23€-03
0.15 137.02 7455 144,57 1.60E-03
0.20 149,25 Ra72 157.¢7 1,93E-03
0.30 169,28 10.68 179.¢¢ 2452E-012
0.50 190.€9 13.79 204.47 3.56E£-03
0.70 205,53 16.32 221404 L 4C8E-D3
1.00 220436 19.50 229.8¢ 5.,7€£-03
1.50 235.05 23. 818 258,¢3 7.79E=-03
2.00 242,20 27.58 2€c,.87 G.E7E~03
5.00 249,39 43.60 £c€2.¢¢ 2.02E=02
7.00 243,00 51.%9 294, €0 2.70€=-02
15.00 210,461 75.52 285.¢3 5.45E=-02
20.00 194,51 87.21 281.72 7.21E=-02
30.00 167433 106.81 27414 1.08E-01
50.00 132.39 137.8¢ 27C.28 1.82E-01
70,00 111.79 163.15 274, S04 2+55E-01
100.00 a1.,45 165,00 28E. 46 3.82E=01
150,00 70.00 238.83 308.83 5.31E-01
200,00 59445 275.7¢8 335,23 b.86E-01
300.00 L2484 337.76 380.€0 9.65E-01
400.00 35.97 390.01 425.¢8 1.21€+00
560.00 30.85 436,04 46€,89 1.44E+00
600.00 2F .60 L77.6€ 504426 1.64E400
700,00 24,01 515,92 53C.c4 1.834E+00
800.00 21.37 551.55 572.92 2.01E+4930

300,00 19.19 585,01 60L,.20 2418E+00
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ABSORRER.se e« TISSUE EQUIVALENT GAS 1

IONooooooooS‘32 pFCOILS

ENERGY F SNA(E) SE(E) ST{(E)
KEV (KEV/MICRON) / (GRAM/CCM)
.10 149,26 6.36 165.¢€2
0,15 170,60 7.7 178,.,3¢
0.20 189,08 8469 1¢g.07
0.30 217.98 11.02 22¢,00
0.50 25€.20 14,22 270e42
0.70 282474 16.83 29%.%¢
1.00 315,33 20.11 335,44
1,50 Iu4,21 2L.E3 36BLRY
2.00 367.21 28 44 385, €5
3.00 397,31 34,83 L32.15
5.00 429.86 44,97 4744R3
7.00 442.59 53,21 495,280
10.00 455,88 63,€0 51C.47
15.00 Lu7.77 77.89 525.€¢
20.00 438,33 88.94 528,27
30.00 412 .63 110,15 52278
50.00 365,65 142.21 507.86
70.00 330.18 1€8,2¢ LERL LY
100.00 2B4.70 201.11 485,21
150,00 225486 248431 LB2.17
200,00 203,70 284441 488,11
300.00 162.51 348,23 10.84
400.00 135,41 402.22 537.€3
500,00 114,85 449,70 584455

600.00 105.70 492.62 5¢g.21

PATHLENGTH

MICRON®GRAM/CCM

1.00E-02
1.30E-03
1.57E-02
2.04E-02
2+84E=02
3e54E-03

QOQHE'OB
5.00E=-023
7.21€-03
9.62E-03
1.40E=-02
1.81E-02

2eLBE~Q2
J.2EE~=02
he2iE~02
6.21E~-02
1:015‘01
l1.41E-01

2.02E-01
3005E‘01
4L,08E-01
6.0CE-01
8.00E-01
9.81E-01
1.15€+080




ENERGY E

KEV

0.10
0.15
0.210
0.30
0.50
0.70

1.00
1.50
2400
2.00
.00
7.00

10.09
15,00
20,00
30,00
50.08
7C.00

100,00
150.00
200.00
300.00
400.00
500.00
600.00
700.00
800.00
90C.00

1000.090
12060.00
1500.00
1760.00
2000.00
2500.00
2000.00
3500.00

4000.00
4500.00
5000.,00
550C.00
6000.00
6500.00

TONseoseee s PROTONS

JEFF

0.079
0.097
0.112
0.13¢
C.175%
0.207

0.246
g.2938
0.240
0.409
g.508
0.580

0.6€E0
.749
leRD8
C.n879
¢.Q0L4
r.970

t.287
.996
.98
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.009
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

SN(E)

ARSORBER.seee TISSUE EQUIVALENT GAS

9,40
ReTl
.11
7417
5.91
5.12

4,27
3.4¢
?.8¢E
2430
1.61
1.30

0.9¢
.73
0,57
etls?
.28
0.21

0.10
0.07
N.08
J.04
.02
0.01
.00
0.00
N.00
0.00

0,00
0.00C
0.00
0.080
0.00
0.00
0.00
7.00

0.00
0.00
N.00
n.00
.00
0.00

SE(E)

(KEV/MTCRON) /(GRAM/CCM)

€.02
7437
8.51
10.42
13.45
15.62

19.02
22.30
2640
32.¢€
42,54
48.71

577
57472
7€.07
8a,8¢
101.032
105,23

103.72
89,.8¢
77455
B1l.49
51.79
Lg,9c
39.¢1
35.€5
I2.78
30.18

27.9¢
24453
20.8¢0
18.94
16.74
14410
12.22
10.82

Q.74
B.87
8.15
7+54
7.03

6,59

ST(E)

15.42
16,11
16.62
17.59
19.3€
?1.03

23.2¢
?6e7¢
29.7¢€
35.25
bih,a1%
c0.01

58443
ERLLT
76.64
A9.31
101.31
105.44

102,82
£3.983
77.61
€1.53
51,82
45,00
36,91
35,85
12.78
?0.18

27496
24453
20.890
18.94
16474
14.10
12.23
10.83

974
B.87
8.15
7.54
7.03
6.5¢

PATHLENGTH

MICRCN*GRAM/CCM

7.70E=-03
1.09E=07
1.39E~02
1.98E-02
3.06E-92
4,.05E-02

E.41L-02
7.40E8-02
Q,17E-C2
1.22E-01
1.73E-01
2el80=01

Se71E-0Q1
r.50E-01
4,.19E-01
5.39E-01
7e47E-01
9.3CSt-01

1.228400
1.74E+00
?e3LE+QD
2L,80E+00
C.68E+0%
T.6EE+00
1.006+01%
1.2784+01
1.560+01
1.8RE+01

2.22E+401
2.9CFE+01
Le32E+01
C.33F+01
7.02E+01
1.03E+072
1.418402
1.85F+02

2.32E407
2.87E+02
Q. L4BE+02
L,10E+Q2
4e7CE+0?
5.52E+02
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ABSORBER.esss TISSUE EQUIVALENT GAS ?

ION0.0.....DEUTERCNS

ENERCGY E ZEFF SN{E) SEA(E) ST{g) DATHLENGTH

KEV (KFV/NMICRON) /{(CRAM/CCM) MICRCN®*GRAM/CCM

0.10 0.056 14.92 b.2¢% 19.1¢8 t.0C0E=-03
0.15 0.069 14.21 5.21 19,42 A.HBE-D3
0.20 0.079 13,55 €.02 19.57 1,12€-072
0,30 0,097 12,27 Te37 19.64 1.63E=-02
0.50 0.125 10.37 9,52 19.89 .65L-02
0070 Ulib? q'lu 11026 20039 BQEQE'OZ

1400 0.175 7.80 13,46 21.2¢ S, URE-D2
| 1,50 0.214 €a31 16448 22.79 7.3RE=0?
| 2.00 0.246 Selt? 19.03 24.50 C,4B8F=02
| 2,00 0.298 be17 ?3.31 27 .48 1.32F=-01
| €.00 D.377 3,05 30,00 23.14 1.CCF=01

7.00 0.437 2.4F 35,60 28, UF ?.5€E=01

10.00 0,508 1.85 42,58 Gie o b0 2,29E-01

15.00 0.596 137 50429 51.6€ 4,336-01
r 20400 0.660 1.14 57.42 58,57 €L.24E-01

30.00 0.748 0.79 67.70 ER LT EeB81E=01

50,00 0.849 0.5 83,16 83.70 °,43E-01

70,00 0.902 Det2 93,30 93,72 1.47E+00

100.00 0.9u4k 0.30 101.02 191.32 1.47E+00
150.00 0.974 0.1y 105.61 105.75 1.95E+00
200,00 0.987 D11 103.71 103,82 2.43E+00
300,00 0.996 0.08 89,82 89,90 T 4EE+0D
400,00 0.998 0.0€ 77.52 77.58 4 E7E+D0
500,00 0.999 0.02 68,58 £8.,60 € ULE+ND
600,00 1.000 0.01 f1i.49 £1.50 7.58E+00
700,00 1.000 0.00 5€.17 56417 C,29E+0)
800,00 1.000 0.00 51.80 51.80 1.11F+01
300.00 1,000 0.00 48,12 48412 1.31F401%
1000.00 1.000 0.900 fhls, OB 44,98 1.52E+01
1200.00 1.000 0.00 39,89 39.89 2.00E+01
1500.00 1.000 0.00 Iu,27 2,27 2.82E401
1700.00 1.000 0.00 31.40 21,40 2.43E401
2000.00 1.000 0.00 27.¢8 27.98 4oLUE+DL

2500.00 1.000 0.00 23.79 23,79 F+39E+01



- 38 =

ARSORBER«eess TISSUE EQUTVALENT GAS 2

IONeseosess ALPEA-PARTICLES

ENERGY E 7EFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRCN*GRAM/COM

D.10 0.040 37.82 5elC 43.31 2,08E-03
0.15 000“9 39-95 6073 h5078 “oqu’03
.20 t.056 19.51 7,77 L7427 5.27E-03
0.30 f.0€69 3q.42 9.51 48,93 7.34E-03
0.50 0.089 17.2¢8 12.2% 49,54 1.,14E-02
070 0.105 35.13 14,82 4L9.6¢€ 1,54E=-02

1.09 0.126 32.25 17.37 49.62 2.15E-02
1050 0.159 28.“1 21.27 “9068 3016E’02
2.00 0.177 25439 24.CE 49.95 4,16E-02
3.03 Uo?l? 21022 38.05 51030 6-1“E'02
5.00 g.279Q 15.26 38,82 55.08 ¢,90E-02
7.00 0.330 17,2¢ 45,55 59,210 1.34E-01

10,00 0.393 17.83 54,92 €5.75 1.82E-01
12.00 t.478 R.28 67.76 75.54 2.536-01
20,00 C.548  Hhe81 77.6¢€ AL 47 3.156-01
30.00 0.662 4,91 95.12 100.02 : L,24E~-01
50,00 0.835% 3445 122.78 126.24 €.00E-01
70.00 06.9€5 2.5¢€ 14b,27 146,912 T.47E-01

100.00 1.115 2.02 171.34 173.36 C.34E-01
150,00 1.29 1e42 ?207.58 209,00 1.20E+00
200.00 1022 1.14 236414 237.28 1.42E+00
300.00 1.592 0.71% 274439 275.17 1.81E+400
400.00 1.701 0.63 292,57 294,20 2.16E+00
500,00 1.772 0.35 295.54 295,89 2.50E+00
600.080 1.824 0.31 291.92 282.22 2.83E+00
700.00 1.861 .26 284,26 284,53 3.18E+030
300400 1.889 - 274429 274.52 3.546£400
a0C. 00 1.9140 { ?64,18 264439 2,91E+4C0

1000.00 1.926 253.E4 253.84 4,30E+00
1200.00 1.949 ‘ 233,72 233.79 5.12E+00
1500,00 1.970 208.92 - 208,92 E+L3E+00
1700.00 1.97R8 , 195.3¢ 185.39 T.47E+00
2000.00 1.9R6 { 177.72 177.72 S, 08E+0U0
2500.00 1.993 153,42 153,43 1.21E+01
3000.80 1.996 135.91 125.91 1.5¢6E+01
3500.00 1.998 122.22 122.22 1.95€E+01

4000.00 1.00q 111.24 111.24 2438E+01
4500.00 1.999 102.223 102.21 2.85E+01
5000.00 1.999 94.68 S4L.68 2.36£+401
5500.,00 ?2.000 ! 88,27 88.27 3.90E401
6000.00 2.000 ‘ B2.75 82475 L uCE+OL
€500.00 2.000 f 77.84 77.94 S.11E+01
7000,00 2.000 73.71 73.71 5.77E+01
7500.00 2.000 ' 69.85 £9.95 E.47E+01
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ABSORBER.seee TISSUE EQUIVALENT GAS 2

IONOOOQOOOQC.12 RECOILS

ENERGY E SN(E) SE (E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCHM) MICRON®*GRAM/CCHM
0.10 97.69 6.26 103,93 1.46E-03
0.15 109.67 T.64 117,31 1.91E-02
0020 117.““ 8.82 126026 2032E'03
0.30 128,61 10.80 139.41 3.08E~-013
0.50 161,62 13.94 155.56 b .43E-03
0.70 169,16 16.50 1€5.€6 5.67E-03
1.00 154,58 19.72 174,30 70“3E‘03
1.50 158.59 2be15 182,73 1.02€-02
2.00 157.87 27.88 185.76 1.,29E-02
3.00 153.54 34.15 187.€9 1.83E-02
5000 1“1.57 44,09 185.,€6 20905’02
7.00 130,65 52.17 182,81 3.98€E-02
10.00 117 .64 62.35 179.99 S.64E~-02
15.00 100,38 76,37 176.75 8.45E-02
20,00 87.83 88.18 17¢.01 1.13E-01
30.00 71.56 108,00 179.%6 1.69E-01
50.00 53.56 139,42 192,98 2.77E-01
70,00 L2 .47 164.97 207.44 3.77E-01
100.00 3435 197.17 231.¢52 5.13E-01
150,00 25,20 241.49 26€,.€9 T.14E-01
200,00 2074 278.85 2¢6,€9 8.21E-01
300.00 15.46 341,52 35€.98 1.20E+00
400,00 12.36 394,35 406,71 1.4€6E+00
500,00 10,41 L40.89 451,20 1.69€+00
600,00 8.85 482.98 ©91,.83 1.90€E+00
700.00 7.51 521.€7 €29.19 2.10E+00
800,00 6.89 557.69 S€L.58 2.28E+00
900.00 . €458 591.52 5c8.10 2.45E+00
1000.00 5.93 623.52 €29, 45 2.62E+00
i 1200.00 S.02 683,03 688,05 2.92E+00

1500.00 4.09 TE3.€ES T€ET. 74 " 3.33E+00
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ABSORBER.cce« TISSUE EQUIVALENT GAS 2

ION........N°1E RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7(GRAM/CCM) MICRONYGRAM/CCHM
0.10 107.25 6.32 113,57 1.35E-03
0.15 120.98 7.73 128,72 1.77E-02
0.20 132.05 8.93 140,98 2e14E-03
0.30 164,13 10.94 1E5,0€ 2.81E-023
0.50 160,88 14,12 175.01 4.02E-03
0.70 170.53 16.71 187.24 5.12E-03
1.00 180,05 19.97 200.02 6.67E~-02
1.50 18€.73 2holb 211,19 9.,10€-03
2.00 191.02 28.24 219,.,2¢ 1.14E~-02
3.00 187.61 34.59 222420 1.60€E~-02
%.00 178.42 h4,.66 223,08 2.49E~02
7.00 167,52 52.84 : 220, 1¢ 3.38E-02
15.00 134,86 77.35 212.21 7.10E-02
20,00 119,32 89,31 208,€3 9,48E~02
30.00 98,84 109.38 208,23 1.43E-01
50.00 75.73 141,22 216.¢4 2.37E-01
70,00 62.12 1€7.09 229,21 3.27E-01
100,00 48,11 199,71 247,82 L.53E~-01
150.00 37.73 244,59 282.32 b.uitE-01
200,00 28,70 282.43 211.1423 8.00E-01
400,00 18.44 399,42 417.8¢ 1.2€€+00
500.00 15.30 Lh46,.5¢€ 461,86 1.58E+00
700,00 11.89 528,38 540,27 1.98E+00
800,00 10.57 564.86 575,43 2.16E+00
900.00 9.31 599,13 608,44 2.33€E400
1000,00 8.29 631.53 639,83 2.4CE4+00

1200.00 7.84 691.81 699.65 2.79E+00

-
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ABSORBER.....TISSUE.EQUIVALFNT GAsS 2

ION......-.O-iﬁ RECOTLS

ENERGY E SMN(E) SE(E) STLE) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRCN¥GRAM/CCM
0.10 11%.11 6437 121.48 «27E=-02
0,15 130.05 7.80 137. 8¢ 1.fEE=D2
0.20 142,30 9.01 1f1.21 2.00€=-03
0.30 157.€8 11.0C4 168,71 2.62E-02
0.59 177.54 14.25 121,89 3.,73E-03
1,900 201,69 20.15 221.84 6.12E-02
1.50 211 .60 24,.€8 22,27 8.28€-02
2.010 217.94 2. 40 2uF .Ul 1.0uE=-02
.00 219.70 34,20 ?5L.EQ 1.42E-02
5.00 2i4.1L 45,05 25¢C,.1° 2.21E-02
7.00 204456 53.2314 257,907 ~ 2.98E-0¢
10,00 190.22 £3.72 252.C4 4,1GE-072
15,00 170,99 78.04 249,02 6.14E-07
20,00 130.53 110.3¢ 2uC.88 1.23€-01
50,00 100.86 142,47 242422 2.0eE-01
70.00 83,95 162,57 252452 2.A7E=-01
100,00 67426 201,49 2R 74 4,02E-01
150,09 52.81 2u6.77 299.%8 5.,78E-01
200.00 42443 284,94 327.18 7.38E-01
300.00 32.12 3u8.€8 181.11 1.02E+010
400.00 25.76 402.97 LZ8.,73 1.27€+00
500,00 21,92 L50.54 L72.48E 1.,4CE+00
500,00 18,91 LG3.54 51245 1.69E+400
700.00 16,44 533.08 549,52 1.,88E£400
A00.00 15435 569.P9 585,24 2.06E+00
900.00 14,01 hlL. Ut E18.46 2+22E400

1000.00 12.64 637.15 €40,79 2.28E+00




- 42 -

ABSORRER.eeees TISSUF EQUIVALENT GAS ?
IONO0.00.0.F‘ig RECOILS
ENERCY E SNA{E) SE(D) STL(E) PAYHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRCON*GRAM/CCM
.10 122.85 Be2b 126.0¢ 1.215£=-03
.15 129,54 7.€4 147.17 1.57€-03
0.20 151.R7 8,82 1€C. €9 1.,8CE-07%
0.30 172.35 10.806 182.1¢ 2.47E-02
.50 194,01 13.94 207.¢5 Je4CE-DT
Ce.70 202,090 16.50 27%.50 Lo4iE-DR
1.00 223.96 19.72 2Lz.€8 5.FCE-D3
1.50 228.80 24.1°5 2€82.25 7.66E=03
2.00 245,82 27 .89 272.71 9,52E-03
3.00 25%-67 3“-15 28@-82 1.315'02
S.00 252.75 LL4.09 2CEL AL 1.CCE=02
7.00 2“6001 52.1? 2%8.18 ZQEEE'DE
10.0¢C 222.89 £2.36 28%.25 3.67£-02
15,00 212.54 7€.37 288,€2 5.,38E-02
20.00 196.“3 88,19 28“-62 7.12E‘02
30.00 168.A2 108.01 27€.€2 1.07€£~01
50000 13?-19 1BQQQQ ?7?.63 1-805'01
70000 1120“6 16“098 2770&“ 2053E’01
108,00 Q1,93 167.19 289,12 3.5CE-01
150.00 70.22 241.5%1 211,72 5.255-01
200,00 F0.04 27887 138.¢1 6.30E=-01
300.00 42,83 3I41.55 284,38 3.,56E£=-01
400,00 26,445 394,28 L20.83 1.,20E400
500.00 Z20.R8 Lb40.93 L71.82 1.42€400
500,00 2674 La3.,02 50¢.76 1.62E+00
700,00 24405 521.72 B4c.77 1.82€+00
800.00 21.39 55774 579,13 1.98£+08
900,00 19,20 5¢1.57 €10.78 2.1EE401
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ARSORAER.ses« TISSUF EQUIVALENT GAS 2

ION........S‘32 QECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)/ (GRAM/CCM) MICRCN*GRAM/CCM

0.10 151.50 Beli2 187.¢2 9.,CG0E-0Q4
0.15 172.17 7.8€ 181.03 1.2¢E-03
.20 191,91 9.08 200.99 1.55£-03
0.20 221.16 11.12 222428 2.01€E-072
0.50 256,91 14,35 27TL.26 2.,80E-02
0.70 286,83 16.S8 303.82 3.4CE-03
1.00 119,73 20.30 340,03 Lel42E-03
2,00 372.08 28.70 400.78 7.11E-03
2.00 402,37 35.15 437.52 9,43E-02
5.00 435,13 45,28 4R0. 51 1,33€E-02
7.00 L47.88 £3.70 501.€8 1.,7¢E=-02
10.00 460.94 Ehol8 525412 ¢ 2.37€-02
15.00 452425 78.80 §30.%€ 3.32E=02
20000 L4246 G0.76 533023 h.?ﬁE-OZ
30,00 41€,10 111.1€ B27e2F 6.15E~02
50.00 368,433 143,51 511.84 10.00E=-02
70.00 322.27 169.81 502.07 1.3%E-01
100.00 288,21 202.¢¢ 489,17 2.00€E-01
150,00 236.88 2UB.57 485,45 3.03€E-01
200.00 204,59 287.02 LC1.€1 L.0BE-01
300.00 163,10 351.523 S1L.€3 6.04E=-01
400.00 125,74 405,91 E41,€E€ 7.92E-01
500,00 115,09 4€3.82 5eB.C2 9.74E-01

600.00 10%.91 4S7.14 €02.05 1.14E+00




- 44 -
ABSORBER.sss s WATER

IONeeoseess PROTONS

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRCN®*GRAM/GOM
D.10 0.079 9,27 5.75 15,02 7.78E-03
0.15 0.097 Beb?2 7.04 15.67 1.10€-02
0.20 0.112 7.94 Be13 16.08 1.42E-02
0,30 0.136 7.00 " 9.,96 16.97 2.02E-D02
0.50 0.176 So?e . 12036 18.62 3015E'02
0.70 0.207 4,98 15.22 20,19 Lo18E=02
- 1400 0.246 ba.17 18,19 22436 5.50E-02
1.%50 0.298 342 22.28 25.69 7.67E-02
2.00 0.340 2.82 25.72 28454 9,52E-02
3.00 0.409 2426 31.50 33.76 1.27E~01
5.00 0.508 - 1.60 ' 40.67 42427 1.80E-01
7.00 0.580 ‘ 1.27 463k 47.61 2425E=01
10.00 0.660 0.98 54,57 : £5.55 2.82E-01
15,00 0.749 D71 63,92 €4.63 3.67E=-01
20.00 0.808 0.57 : 7234 72,91 4L39E~01
30.00 0.879 Beb3 BL4.6C A%.12 £.€5£~01
50.00 0.944 0.29 95,79 96.07 7+8LE~-01
100,00 0.987 B.17 96,02 . 96.12 1.29E+400
150.00 _ 0.9396 00w 8L484 B4.90 1.,85F8+090
200,00 0.998 0405 73493 73.98 2.48E+00
300,00 1,000 Be04 59.83 59,87 4,00E400
400,00 1.000 0,03 5063 E0.,6¢6 E.82E+00
500.00 1.000 0.02 Lt,08 44,10 7.84F+00
608,00 1.000 C.00 33.18 39.18 1.04E+01
700.00 1.000 0.00 35434 35.34 1.30E+01
800,00 1.000 0.00 32.25 a 22425 1.606+01
900.00 1.000 0.00 29,72 29.72 1.92E+01
1080.00 1.600 f.00 27.59 274589 24278401
1200.00 1.000 0.00 24.20 2ha20 2.05E+01
1500.00 1.000 0.00 2055 20.55 LebOF4+01
1700.00 1,000 .00 18,72 18,72 SJL2E+01
2000.00 1,000 0.00 16,5¢€ 16.5¢ 7.13E+01
2500.,00 1.000 0.00 13.9¢€ 13.986 1.04E+02
3080.00 1.000 0,00 12,12 12,12 1.420+402
3500,00 1.000 0.00 10.74 10.74 1.87€+02
4000.00 1,000 0.00 S.66 9,6¢ 2.36E+02
4500,.,00 1,000 0.00 8.80 ’ BR.80 2.90E+02
5000.,00 1.000 0.G0 8,09 8.09 3.500+02
5500.00 1.000 0.,00 7,49 748 - Lel4E+Q2
6000.00 1.000 0.00 be.98 65.98 L.83E+02

6500.00 1,000 0.00 6.54 6.5k S.57E+02
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BSORBERveee e HATER

IOAC ...Q...DEU.TERONS

NERGY € 7EFF SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /7 (GPAM/CCM) MICRCN®*GRAM/CCM
0.10 0.056 14.49 Le07 18.5¢ €.22E-03
0.15 0.069 13.82 4L.98 18,81 8.,90E=-03
0.20 0.079 13.12 575 18.87 1.16E-02
f.30 0,097 11.88 7.05 18,92 1.688-02
0.50 0,125 10.03 3.10 19,13 2+47UE-02
0.70 Deib? .83 10.77 19.59 3.7T7E~02
1.00 D.175 7.58 12.87 20445 5.27E-02
1.50 De214 6,13 15.7¢ 21.89 7T.63E-02
2.00 0245 5.38 18,20 23.58 CeBLE~D?
3.00 0.238 Le07 . 22429 26435 1.30E-01
5.00 0.377 3.02 28,77 31.7¢ 2.07€-01
10.00 0.508 - 1.87 40.569 42.56 3e42E~01
15,00 0.596 1.33 47,83 4S.15 L,52E-01
20,00 0.660 o 1.1€ 54453 55.68 S5.47E-01
30.0” 0.7loq 0.78 63086 6‘0065 7.14F-01%
50.00 0.B49 0.55 79434 79.889 €.91€-01
70,00 0.902 Bokl 28,84 . 89,25 1.238+400
100.00 0.944 0.31 95,77 96.08 1.56E+00
150,00 0.974 0.12 99,28 99.40 2.06E400
200,00 0.987 D.11 35, 4¢ 96,190 2457E+00
300.00 0.9956 0.07 B4, 81 84,88 3.676+00
400,00 0.938 0.06 73.89 73.95 4,95E+00
500.00 ¢.999 . 0.05 65,72 65497 Ee328E+00
600.00 1.000 0.04 59,40 59,84 7.97E+00
700.00 1.000 0.00 54.82 54,82 Q.72E+00
A00.00 1,000 0.00 50.64 50.64 1.16F+01
900.00 1.000 0.00 47.11 47.11 1.37E+01
1000.00 1,000 0,00 LL,08 44,08 1.,50E+01
1200.00 1.000 0.00 3G9,1¢ 39,1¢ 2.07E+01
1500.070 1.000 g.080 32.70 33.70 . 2«90E+01
1700.00 1.000 .00 30.91 30,91 2.52E+01
2000.00 1.000 0.00 2757 2757 L,55E+401

2500.,00 1.000 0.00 23.48 23.48 Ee52E¢01




- 46 -
ABSORBER.eee o WATER

ION.onooocoALpHA°PARTICLES

ENERGY E ZEFF SN{E) SE(E? ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 {(GRAMN/CCM) MICRCN*GRAM/CCM
0.10 0.0L40 3h.11 %.95 41.0¢ 2,2L4E-03
0.15 0.049 37.18 6.06 43,23 L,41E=-03
0.20 0.056 37.73 7.00 44,73 5.55€=-03
.30 0.069 37445 " 8.57 Le.02 7.75E-03
0.50 0.089 25.51 11.0€ 46.57 1.21£-92
0.70 0.105 33.63 13.409 46,71 1.63E-02
1.00 00126 30.96 1506“ “6.61 ?928?'02
1.50 0.154 2734 19.16 46,50 24,35E-02
2.00 0,177 24443 22.12 46,55 L, 43E~-02
2.00 0.217 20.65 27.0¢ L7 .75 £.55E=-02
5.00 0.279 15,97 34,98 50.95 1.06E-01
7.00 0330 ‘ 12.8¢ 41.39 54,28 1.44E-01
10.00 0.393 10.63 Lo, 47 : 60.11 1.96E=~01
15.00 Oelk?78 Be29 60.58 £8.88 Z2eTUE~(1L
20,00 0.548 6460 6£G9.C¢8 76.56 J.43E-01
30.00 0.663 5.03 85.68 90.71 4,63E~01
50,00 0.835 3.50 110.61 114411 €.5R8F-01
70.00 0.965 2453 130.88 133.40 B.20E~-01
150.00 1.234 1.48 193,48 164,98 1.31FE+00
200,00 1.422 1.0¢ 221.25 222,33 1.55E+00
300.00 1.593 .82 256462 257 .45 1.9€E+00
L4D0. 00 1.701 0.59 274,99 275.58 2.34€+00
500,00 1.773 0.35 281.26 281.61 2.69E+00
600,00 1.82¢4 .29 278,61 778,88 3.05E+00
700,00 1.861 0.25 272438 272463 3.41E+00
800,00 1.889 0.23 262.82 263, 0F€ 2.79E+00
300,00 1.910 0.21 253.88 254,08 L,AT7E+DD
1000.00C 1.926 De1€ 243.57 243,75 L,57F+00
1200.,00 1.949 D.18 223,78 223.94 S.43E+090
1500, 09 1.970 0.00 200.84 200.84 €.85F+090
1700.00 1.978 0.00 189,22 189,22 7.87€+00
2000, 00 1,936 0.00 174,23 174.23 G.53E+00
2500.,00 1.993 0400 150.68 150.68 1.26E+01
3000,00 1.996 0.00 133.87 133.67 1.626+01
3500.00 1,998 0.00 120 34 12034 2e01E+01
4000.,00 1.999 0.00 109.€63 109.63 2. 45FE+01
4500.00 1.999 0.00 100.82 100.82 2.82€+01
5000.08 1.999 D.00 93,44 93 s 4k J.4b4E+01
5500.00 2.000 0.00 87.15 R7.15 ° 21,89E+01
6000.00 2.000 D.00 Ri.74 Rle T4 4,59E+01
6500.00 2.000 0.00 77.02 77.02 £.22E+01
7000.00 2.000 0.00 72.87 72.87 S.B8RE+01

7500.00 2.000 0.00 69.18 69.18 E.58E+01




- 47 -
ABSORRER s e s s WATER
IONOQQOOQQ.C-ig RFCOILS
EMERGY € SN(E) SELE) ST(E) PATHLENGTH
KEV (KEV/MICRON)/ (GRAM/CCM) MICRON*¥GRAM/CCM
0.10 90.5@ SQQ6 QEOSS 1.55E‘03
.15 101.27 7.30 108,58 2.07E-02
0.20 109.79 8443 118,22 2.515-03
0.30 119,72 10.22 130,38°¢% 3+31F=-03
0.50 122.09 13.24 145,43 Lo76E-03
.70 139,37 15.78 15%.15 6.0CE-03
1.00 15,48 18, 8¢ 164624 7.97E-03
1.50 148,78 23.10 171.88 1.0CE=-02
200 150.27 26.67 17€.84 1.28€-02
3.00 145,98 32.67 178.€5 1.94E-02
5.00 135.56 L2.17 177.73 3.06E=-02
7.00 1?5.69 QQOQO 175059 “oin’O?
10.00 113.48 59.64 172.12 5.81E-02
15,00 28,03 73.05 171.08 8.RzE-02
20.00 85052 8“-35 169.87 1.185‘01
30,00 70,01 103.31 173,32 1.,7€6E-01
50.00 52.98 133.37 186,26 2.87€-01
70,00 L2042 157.80 20C.22 3.91€-01
100,00 32,23 188.61 221.84 5.33E-01
150,00 25480 231.00 25¢, 80 7.42E-01
200.00 19,72 266.74 2BE L UH 9,2¢E-01
300,00 15.34 326.68 342,03 1,24F+00
400.00 12.56 377.22 3I89.78 1.52E+00
500,00 10.25 421,75 L32.00 1.76E+400
600,00 a,00 4e2.00 471.00 1.S8E+00
700.00 7472 499,02 S06e74 2.18E+00
800,00 714 533.47 Eug.€1 2.38E+00
300.00 6430 565.83 572413 2.5€E+00D
1000.00 5.60 59644k €02.04 2.73€400
1200.00 5.17 653,37 658453 3.04E£400

1500.00 4.30 730.49 724,78 3.48E+00




ABSORAER.eee s HATER

ION..Q...QQN'i& RECOILS

ENERGY E SNAE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y /7 (GRAM/CCM) MICRON*GRAM/CCM

0.10 99,11 6.05 10%.15 1.46E-03
0.15 111.79 7.41 119,20 1.91€-03
0.20 122.19 8.55 130,75 2.31E-03
0.30 132,77 10.48 144,25 3.03E-03
0.50 149,84 13.53 1€3.27 4.33E-03
0.70 159,39 16.00 175.40 5.50E~023

1.00 168,45 19.13 187.5%38 7+15E-03
1,50 175.17 23443 168, €0 9.74E-03
2.00 179,73 27.05 20¢t.78 1.22€-02
2.00 177.65 33.13 21G.78 1.70€E-02
5.00 170,36 42,77 213,13 C.ELE=-D?
7.00 160,84 50.61 211.4€ 30585‘02

10.00 1“7.88 6040 208,37 5.01E-07
15,00 131.07 74,09 205,16 7.43E=02
20000 115.70 85055 20?.25 9.88E-02
30.00 97 .36 104.78 202413 1.48£=-01
50.00 74,83 135.26 210.09 2.4€E-01
70.00 61.52 160,05 221457 3.39E~01

100,00 48,23 1¢1.29 239,52 L.6CE-01
150.00 38.065 234,28 2?2.33 H.ELE-(1
200,00 29,30 27052 790,83 8.39€-01
300,00 23,20 231.33 354,53 1.14E+00
400,00 18,28 382,58 40G.87 1.41E+400
500.00 15.50 427.74 443,24 1.€65F+00
600.00 12.48 LERLS7 482,05 1.86€+00
700.00 11.69 506,11 517.80 2.06£+00
800,00 10.78 541.0€ 551.84" 2.25E+00
900,900 9,57 573.88 583445 2.43E+00

1000.00 60%.92 613,47 2.5%E+00
1200, 00 662.66 €70.13 2.90E+00




- 49 -
ABSORAER.ca s s WATER

IOI\. Ooo'oo.O'iﬁ RECOILS

ENERGY E SNAE) SEL(F) ST(E) PATHLENGTH
KEV (KEV/MICRON) / {GRAM/CCM) MICRON*GRAM/CCM
.10 106,€3 t.11 112.74 1,38€-023
0.15 120.76 7.48 128,24 1.78E-023
0.30 147,5%9 10.58 158,18 2.R32€-03
1.00 188,90 19,22 208,22 6.57€=03
1.50 199,53 23.87 223.19 8.88E-03
2.00 204,83 27.323 232.186 1.,11E-02
2,00 209 .47 33.47 2L24Ch 1.53€-02
.00 204437 43.21 2u47.¢8 2e34E-N2
7.00 186,20 51.13 247422 3.15E=02
10,00 182,27 61.11 244,28 L,37E-02
15.00 165,27 74,84 24C.12 6.43E=02
20.00 150,70 BB, U2 - 2%7.12 8.53€E-02
30,00 127434 105,85 233.18 1.28€E-01
50.00 98 .88 126,65 22c.82 2.14E-01
70.00 87 .89 161.68 244,57 . 2.97C=-01
100,00 66,90 1¢3.25 260.15 L.1€6E-01
150,00 51,24 236.E8 287495 5.9C%E-01
200,00 42,97 273.29 31€.¢6 7.64E-01
300,00 30.79 334471 365.50 1.06E+00
408.00 26413 386,409 Lhi12.€2 1.31E+00
500,00 21.74 432.11 4532.86 1.55E+00
600,00 19,14 473,36 422,50 1.7£E400
700.00 16,69 511.28 527.¢8 1.95£+00
800.00 15,13 546,59 5¢1.72 2.14F+400
q00.00 14,19 579,74 5283,¢3 2.31E+400

1000.00 12.89 611.10 €23.69 2.L7E+0D




- 50 -
ABSORBER.s oo o WATER

ION.Q.OQ...F‘iq RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) Z{GRAM/CCM) MICRCN*GRAM/CCM
0,10 113.75 5.99 119,74 1.30E-02
0.15 129.37 7.33 136,70 1.6%E-02
0.20 141,39 8,47 149,8¢ 2.04F~023
0.30 159,497 10.37 170.34 2.67E-02
0.50 180,76 13.3¢ 124,15 3.7¢6E~03
0.70 195,27 15.84 211.11 L.7TUE-Q2
- 1.00 209,84 18,94 228.77 6.10E-02
1.50 224,21 234,19 247.41 8.20E-02
2.00 232.57 26.78 260.,3¢ 1.02E-02
3.00 241433 32.80 27L,13 1.3G0E=-02
5«00 24045 4234 282480 2.11FE-02
7.00 235,40 50.10 2BS.50 2.81E-02
10.00 224417 59.88 284,05 3.86E-02
15,00 20574 72,34 279.08 5.63E-02
20,00 1990.40 84,60 275.08 7+44E-D2
50,00 131.€9 123,90 265,59 1.86E£-01
70.00 111.20 158.44 269.€3 2.,61E-01
100.00 %1.27 189,37 28C. 84 3.71€-01
150.00 70.45 231.93 202.27 5.42E-01
200,00 5R.19 2€7.80 22€.00 7.02E=-01
300.00 42,790 327,90 271.70 9.87E-01
400,00 IL.70 37873 413443 1.24E+00
500.00 31434 423.44 454,77 1.47E+00
500,00 26456 L63,85 4D, 41 1.68E+01
700.00 2Ll?28 501.02 525.29 1.88E+00
300.00 °1.70 535.€1 557.31 2.,07€+00

900.00 19,51 5€8.10 587.€1 2.24E+010




ABSORRBER. sae s WATER

ION...Q....S-BZ pFCOILS

ENERGY E SN{E) SE(E) ST(E) PATHLENGTH

KEV (KEV/MICRON) / (GRAM/CCM) MICRCN*GRAM/CCM

0.10 141,92 6.21 148,13 1.06E-023
0.15 162,15 7.60 189,75 1.27E-03
0.20 179,80 8,78 188,58 1.65E=-02
0.3u 207069 10-75 ZIS.QQ 2.1“E'03
0.50 2““.23 13.88 258.11 2095E'03
0.70 269.50 16442 265'92 3071E‘03
1.00 301.30 19.63 320.¢3 L.70E-012
1.50 32q.3q 2“.0“ 353.“3 6018E‘03
2.00 352,09 27.7¢ 379.85 7.54E-02
.00 381,.,R8 24400 415.88 1.06E-02
5.06 “1“-97 Q308q Q57097 1.“6E’02
7.00 b?é.QQ cl1.¢4 “78088 1.89E‘02

10.00 LLl,46 €2.07 502.¢€3 2.50E~02
15.00 435,437 76.03 511.40 3.LRE-D2
20000 “27.83 8?07q 515c61 “0Q5E°02
30.00 Lb4,.64 107.52 512415 b.40E~-0Q2
50000 360439 138,80 429,19 1.04E-01
70,00 126,91 1é64,23 bc1,14 1.44E~01

100.00 282,23 19€.30 47¢.53 2.06E-01
150.080 235,68 240,41 L7€.09 3.11E-01
200.00 203,44 2717.61 481,04 4.,15E-01
300.00 162,86 340.00 502,86 b.1CE-01
L00.00 12R.48 382.59 529.07 8.13E-~01
500.00 115,98 538,93 554.¢1 9,97E-01
600,00 106.52 480.83 587425 1.17E+00




- 52 -

ABSORBER s eas s HYDROGEN

IONswoeevess PROTONS

“NERGY E ZEFF SNA{E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y /7 (GRAM/CCM) MICRON¥*GRAM/CCM
0.10 0,079 61.62 25.58 R7.20 1.21E-03
0.15 0.097 55,00 31433 86432 1.79E-03
.20 0.1386 41.340 Ll 31 A5.61 3.55E=-03
0.50 6.175 31.73 57.20 AB.QOL 5.85E-03
0.7¢0 0.207 26,22 67.,€8 ¢3.90 ReOD4E=-QD3
1.00 0.246 20.75 80.90 101.64 1.11e-02
1.50 0.298 16.49 99,08 115.57 1.57e=-02
2.00 0.340 12.76 114,40 127417 1.88E=02
3.00 B.400 10.07 140.12 1€0.18 2e71E-02
5.00 0.508 6473 180.89 1i87.62 2.89E=-02
7006 0,530 5.29 198,10 203.39 L.93E~02
10.00 0.660 2,76 229448 233.24 E.31E=02
15.00 C.748 2.91 270.99 273.990 R.28E=(2
20,00 0.808 . 2.10 301.1% 303.21 1.00E-01
30.00 0.879 1.63 349,54 351. 16 . 1.30E~01
50.00 0.944 1.04 379.5¢ 380.64 1.85E~01
70.090 0.970 B.75 378.51 279.2¢ 2.37E-01
100.00 0.987 0,00 348,948 248,98 241Q9E-01
150,00 0996 0.00 282418 282.18 4,79F=-01
200.010 0.998 0.00 2264286 226,26 £E.81F=-01
300,00 1.000 .00 170.5€ 170.58 1.20E+00
430,00 1.000 0.00 138.2¢ 13R,2¢ 1.85F+00
500,00 i.000 - .00 117.01 117.01 ZeB6UE+0DD
600,00 1.000 0,00 101,85 131.8% 3.5€E£+00
F00.00 1,000 0,08 904,45 30.45 L.EOE+D0O
500,00 1.000 .00 81.52 81.53 54776400
900.00 1.000 .00 74435 74,35 7.065F+010
10600.00 1.000 0.00 H8.42 h8 442 B.46E400
1206.00 i.000 0.00 59.,1¢ 59,19 1.1€E+01
1500.00 1.000 N.08 49,48 49.48 1.,72€+01
2000.900 1.000 0.00 39.17 39.17 ?eABF+01
2500.00 1.000 0.00 32.€1 32,61 4,27E+01
3000.00 1.000 0,00 28.04 28,04 5.93E401
3500.00 1.000 D.00 P4.67 2L 487 7.83F+01
4000.00 1.000 0.00 22.0€ 22.06 9.98C+01
4500.0¢0 i.00¢8 0.00 19.98 19.99 1.24E+02
5000.00 1.00¢C 2.00 18,29 18.29 1.50E+02
5500.00 1.000 1.00 16.,87 16.87 1.78E+02
6000.00 1.000 80,00 15.€7 15.67 2.09F+02

6500.00 1.000 .00 14. €4 14.64 2.42E+02




- 53 -
ABSORBER4 4«4 HYDROGEN

IONeesoses e DEUTERONS

ENERGY E ZEFF SNAE) SEL(E) ST(E) PATHLENGTH
KEV {(KEV/MICRON)/ (GRAM/CCM) MICRCN*GRAM/CCM
0.10 0.056 89,72 18,10 107.82 9.92E-04
0.15 0.069 82.13 22.16 104.29 1.46E~03
0.20 0.079 76417 25,59 101.76 1.95E-03
0.20 0.097 65.59 31.34 96,94 2496E=-03
0.50 0.125 52,03 o LO.46 92.49 5.08E-03
0.70 001“7 Q309Q “7088 91082 7.26E'03
1000 0.175 35.99 57022 93.22 1.05€-02
1.50 0021“ 27:6“ 70009 97073 1.58E'02
2.00 0.246 23.99 80.83 - 104,92 2.07E=02
3,00 0.298 17.00 99,12 116412 2.98E=-02
5.00 0.377 12.22 127.¢¢ 140,18 b54E-02
7.00 0437 9,50 151.40 160.930 5.87E~02
10.00 0.508 6.90 180.,9¢ 187.8¢ 7.59E=-32
15,00 0.596 ' 5.00 203.70 208,71 1.02¢~01
20.00 0.660 ‘ 4,33 ’ 228,98 233.31 1.24E-01
30,00 0.749 2.80 271.18 273.98 1.64E-01
50.00 0.849 1.985 327.90. 329085 2.30E-01
70000 0.202 1.48 362076 364,24 2.87E'01
100.00 0.944 1.05 379.62 . 380.67 2.67E-01
150.00 0.974 0ol d 376.25 376425 4.,98E~01
200,00 0.987 0,00 348,88 348.88 Ee3BE-01
300.00 0.996 0.00 282.0¢ 282.0¢ 9.,56E~-01
400.00 0.998 0.00 226.14 226414 1.36E+00
500.00 0.999 0.00 193.99 183.99 1.84E+00
600,00 1.000 0.00 170.46 170.4€ 2439E+00
700,00 1.000 0.00 152,45 152..45 2.01E+00
800,00 1.000 0.00 138.19 138.19 2.70E+00
900.00 1.000 0.00 126.58 126,58 L 4BE+00
1000.00 1.000 0.00 116,94 116.94 5.28€E400
1200,00 1.000 p.080 101.7¢9 101.7¢ 7.12E+00
1500.00 1.000 0.00 85,€9 85.69 1.03E+01
1700.00 1.000 ' 0.00 77.71 7.71 1.28E+01
2000,.,00 1.000 0.00 68.38 68.38 1.69E+01

2500.00 1,000 0.00 57.25 57 .25 2.50E+01




- 54 -
BSORBER s+« s« HYDROGEN

TONssoesees ALPHA=-PARTICLES

NERGY E ZEFF SN(E) SE(E) STH(E) PATHLENGTH
KEV (KEV/MICRON} / (GRAM/CCM) MICRON*GRAM/CCM
0.10 0.040 203,10 19,58 222 .68 S.70E=-04
0.15 0.049 204,27 23.99 228426 7.89E-04
0.20 00056 203.6‘0 27.710 231.3‘0 1.01E-03
0.50 0.089 178.40 43,79 222419 2+32E~-03
2.00 0.177 106.16 87.58 193.74 9.,68E-03
3.00 0,217 86.19 107.27 183.46 1.49E=-02
5.00 B.27¢ 63.65 138.48 202.12 2.50E-02
20,00 0.548 2hels?2 276.9¢ 301.38 8.53F=~02
50,080 0,835 12.02 437.91 449,93 1.65E-01
70.00 0.965 8,31 518.14 526,45 2.06E~-01
i00.00 1.115 6.86 619.30 626416 2.58E-01
150,00 1.294 Selk 758,49 763.62 2.30E~01
200,00 1.422 3.85 875,82 879.68 3.91E-01
300.00 1,593 2.77 1035.46 1038.23 Le94E~-D1
400,00 1.701 2.10 1087.90 1090.00 5.88E-01
500,00 1,773 0.00 1033.02 1033.02 6.81E-01
600,00 1.824 0.00 967,48 967 .48 7.81E=01
800.00 1.839 0,00 843,42 849,43 1.00E+00
900,00 1.910 0.00 798454 798.54 1.,12€+00
1000.00 1.926 0.00 752.75 752.75 1.25E+00
1200.00 1.949 0.00 67 4.5E 674,56 1.53€+00
1500.00 1.970 0,00 582,91 582.91 . 2401F+00
1700.,00 1.978 0.00 534,79 524.7¢ 2,37€E+00
2000.00 1.986 0.00 470,20 470.20 2.97E400
2500.00 1.993 0.00 389,80 389.80 Lel6E+0D
3000,00 1,996 0.00 339.¢7 339,67 5.53E+00
3500.00 1.998 0.00 301.62 301.63 7.10E+00
000,00 1.999 0.00 27175 271.75 8.,85E+00
500,00 1.999 0.00 247 .62 247.63 1.088+01
900.00 1.999 0.00 227.72 227.72 1.,29E+401
500.00 2.000 0.00 210.99 210.9¢9 1.52E+01
000.00 2.000 0.00 196,73 186,73 1.76E+01
500,00 2.000 0.00 184,41 184.41 2.03E+01
000.00 2.000 0.00 173.€5 173.€5 2.30E+01
500,00 2,000 0.00 164,17 164,17 2+.60E+01




ABSORBERse e« HYDROGEN

ION00000001C'12 RECOILS

ENERGY E SNALE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y / (GRAM/GCM) MICRCN*GRAM/CCM
f.10 3544214 19,601 373.22 4. 0BF-04
0.15 391,41 23.28 Li4,E9 5.21E-04
0.20 421.72 26,88 4t48.¢0 Bek?E~-04
0,30 460,80 32.92 422,72 B.CCE~0Y
0.50 50383 42.50 SLEL 3L 1.24F=03
0.78 529,66k 50.29 57¢.€3 1.60E-03
1.00 54S .44 €0.11 605.54 2.10E-03
1.50 548,82 73,62 E22e kb 2.C1E-03
2,00 547,21 A5.00 632422 3.7CE~023
3.090 52767 10464118 €X1.7A8 5.28E-02
5.00 479.79 134,40 €i14.¢0 849E~-D3
7.08 439,01 152.03 5a8,C2 1.18£-02
10,00 331 041 190.08 581448 1.69E-02
15.00 332429 232.79 GEL.CQ 2.57E~-02
20,00 285,89 2€8.81 554,70 3.46E-02
30.00 232.15 329.22 5€1.27 5.2€E=-02
50.00 171.53 425.0°7 58€.,55 8.72E~02
70.00 133.41 502.89 €3€.20 1.20€-01
100.00 108,65 601.07 700,72 1.84E-01
150.00 84,25 736.16 820441 2»,30E-01
200.90 65.87 850.04 91%.¢1 2.88E~-01
300.00 484,38 1041.08 108%.47 3.87€-01
400.00 39,73 1202.14 1241.87 4.73E-01
500.00 32,43 1344.023 137€.147 5.20E-01
600.00 26.66 1&72:3? 1“98098 6.19E‘01
700.00 22443 1590.28 1612.71 6.A3E-01
A00.00 23434 1700.08 1723.43 7.43E-01
908,00 20 .80 1803.21 1824,01 8.00E-01
1000.00 18.52 1300.75 119,27 8.,53E-01
1200.00 14478 2082,17 2096.24 9.53E~01
1500.00 12.85 2327.94 2341.79 1.09E+00




- 56 -
ABSORBER. e ss HYDROGEN

ION.O.QOO'QN‘i“ QECOILS

ENERGY £ SNA(E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRON) 7(GRAM/CCM) MICRCN*GRAM/CCM
0.10 363.75 18.69 382.44 4,00E=-04
0.15 410,30 22,89 433,19 5.23F=04
0.20 Lub 67 264473 472,10 6.33E-04
0030 Q86o26 32.37 518-63 8.36E’0q
0.50 530,93 41,78 581,71 1.20E-02
0.70 571,07 4O, 44 €20.51 1.52E-03
1.00 601,88 59,09 E60.CA 2.00E-02
1.50 62248 72.37 EC4, A5 2eTLE~QDZ
2.00 634,00 83.57 717457 Je44E-(03
3‘03 61“.66 102~35 721.01 “08“E‘03
5.00 581.99 132.132 714,12 7e62E-07
7.00 542,99 156.34 700,33 1.04E-02
10.00 494L .79 18h.86 681.€5 1.48E=-02
15,00 421,73 228.86 EEC.58 2.22E-02
?0000 37Q‘51 26“.26 6“3177 2.995‘02
30.00 3iil.97 323.E5 E35,€3 4.55E-02
50.00 239,35 417,84 657,18 7T.€6RE=02
70.00 194,55 484,39 €88.C4L 1.0eE-01
100.00 149,01 5G80.921 739,¢? 1.48E-01
150.00 115.¢61 723.71% 830,12 2.11£-01
200,00 87,23 835.€7 g22.€0 2.68E-01
300.00 70.13 1023.49 1023,€2 3.67E~01
400,00 57430 1181.82 1232,.,12 4.53E-01
500,00 46.76 1321.32 1368.08 5.29E=01
600'00 b2‘53 1““70“3 1“HQQ96 5.9?5‘01
700,00 36.79 15€3.40 1600.20 6.E4E~-01
300.00 31.94 1671.35 1702.2¢ 7.24E-01
900.00 27.98 1772.72 1800.71% 7.82E-01
1000.00 244,90 1368,.,€2 1Rc2,€2 8.36E-01
1200,00 24,79 2046.97 2071.77 9,37E-01




!
Ut
~

i

ABSORBER .4 4e« HYDROGEN

IONooooooooO‘16 RECOILS

ENERGY E SN (E) SE(F)

ST(E)
KEV (KEV/MITRON) 7 (GRAM/CCM)
0.10 16R,. 38 18,38 38E.76
0.15 415,63 22451 438,14
0.20 455,65 25.99 4B81.€5
0.30 501.74 31.83 532,57
0.50 566,32 41,10 B07.41
0.70 605,52 4B.E2Z £54,15
- 1.00 641,73 58.12 699,85
1.50 870.77 71.18 741.¢5
2.00 692,15 82.19 774,25
3.00 692 .31 100.67 792.¢8
5«00 674453 129.96 804,49
7.00 EL42.66 153.77 796443
10.00 596.18 183.79 779.,¢7
15.00 535.01 225.180 7¢0.11 -
20.00 LB1.44 259,92 741,26
30.00 406437 318.34 724,71
50.00 312.18 410.97 724415
70.00 259.60 486,27 745,87
100.00 207.06 581.20 788.26
150,00 164,96 711.82 87€.,78
200.00 129.32 821.94 9%1.2%
300.00 101.13 1006.67 1107.20
400,00 78,44 1162.40 1240, 84
500.00 67.66 1299,.¢€1 12€7.26
500.00 57.66 1423.€5 1481.20
700,00 50.02 1537.71 1587.73
800,00 47.55 1643.80 1681, 446
900.00 42.€8 1743.60C 178€.28
1000.00 38435 1837.92 187¢€.27

PATHLENGTH

MICRCN*GRAM/CCM

J«9RE-04
5.1QE=-04
5.28E=04
B8.23E-04
1.,17E-02
10Q9E‘03

1.92€-03
2.62E-03
3.28€E-023
L.S5LE~(3
7.03€-03
9.53E~03

1.33€-02
1.¢8E-02
2.€5E-02
“0026'02
6.R0E=-N2
9.53E-02

1.3“E‘01
1095E‘01
2.50E-01
3.47E~-01
4.32€-01
5.09E~D01
5.79E~-01
b.L45E-01
7.06E-01
7.63E-01

8.186-01




- 58 -

ABSORBER s 4« HYDROGEN

ION.....O..F'iq QECOILS

ENERGY E SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /(GRAM/CCM) MICRCN¥*GRAM/CCM

0.20 452,76 24,88 478.,€5 6.34LE=-04
0470 626.43 46,55 672.8 1.48€-02
1.00 671.67 55.¢64 727421 1.91E-03
1.50 716435 68.15 784449 2.57E-03
l.00 767.79 96,37 B6L.16 4L.38E£-03
.00 759,091 124,42 884,22 E.€6E=-02
10.090 701,40 175,95 877.2¢ 1.23E-02
15.00 ELQ .66 215.50 8864156 1.81E-02
20,00 503,28 248,84 842.12 2.40F-D2
30,00 509,21 304.7R 813,27 3.81E-02
50.00 482,57 393 k4 796.02 6«10E=-02
70.00 32¢,.99 465.53 B0S.c2 8.€0E=-02
100.00 278.05 556,41 B3L,, 47 1.23€-01
150.00 212.69 68147 Reu,1¢ 1.81£-01
200,00 184,77 786.80 971.€6 2e34E-01
300,00 129,97 962,74 1093,71 3.21E-01
400,00 113,47 1112.83 122€,.,20 4.18E-01
500,00 AZ,.64 1244.18 1337.82 L.Q€E~-D1
600.00 79,33 13€62.92 1442,26 5.68E-01
700.00 72495 1472413 1545,.,08 6+35E-~01
800000 6“.87 1573.78 1633.&5 qugE'OI
900.00 58.19 1669.24 1727.43 7.57E-D1




- 59 -~
ABSORBER«eee s HYDROGEN

IONQIQOOOOCS-32 RECOILS

ENERGY E SNA(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)/ (GRAM/CCM) MICRON®GRAM/CCM
0.15 422 .04 20.06 442,09 5.27€E=04
0.20 469,28 23.16 482444 Be2UE=-04
0.30 541.72 2R .36 €70.0¢ 8.22E-04
0.50 638463 36,62 €75.25 1.14E-02
0.70 704,80 43,22 748413 1.42E-03
- 1.00 783,55 51.78 R4y1,23 1.80E£-03
1.50 RE6 .68 E3.42 g30,10 2 2EE-D3
2.00 932,07 72.23 1005.31 2+ BRE=-Q2
3.00 1012.97 89.69 1102.€6 3.82E-03
5.00 1101.37 115.79 1217.1¢ 5.54E-03
7.00 1139,.24 137.01 1276425 7.14E-03
10.00 1183.,15 163.75 134€.91- G.42E~D73
15.00 117¢€.71 200.56 1277.2¢ 1.21€-02
30.00 1111 .66 282.62 13¢98,29 2.28E~02
50,080 908,13 3€6417 13644230 3.82E-02
70,00 911.80 433,25 1345,06 5.31E~02
100.00 797 .77 517.84 1315.¢0 7.57E=-02
150.00 £69.65 634.22 1203.87 1.14E-01
200.00 572,03 732.33 1304.,3€ 1.52E-01
300.00 462,35 896.92 12€0.27 2.27E-01
400.00 392,71 1035.67 1428.28 2.C9%E~01
500.00 336,63 1157.92 1494,55 3.68E-01
600,00 292.81 12€8.44 15€1,2°% 4,.,23E-01
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ABSORBER.ee e+ CARBON
I0Neeeseoess PROTONS
ENERGY E 2EFF SN(E) SE(E) ST(E) PATHLENGTH
KEV {(KEV/MICRON) /(GRAM/CCM) MICRON¥GRAM/CCM
0.10 0.079 3.91 4,08 7.99 1.84E=-02
0.15 0,097 3.87 5.00 8.87 2. L43E~02
0.20 0.112 3.82 5.78 9.60 2.97E-0?
0.30 0,136 3.62 " 7.07 10.69 2.96E=-02
0.50 g.175 324 ' 9.13 12.37 5.69E-02
0070 0.207 2.95 10.80 13.?5 7022E'02
1.00 0.2L46 2.57 12,61 15.48 9,27E-02
1.50 0.298 2.14 15.82 17.9¢ 1.23E-01
3.00 D.409 1.49 22437 ?23.85 1.84E~-01
5.00 0.508 - 1.07 28.88 29,94 2.69E-01
7.00 0.530 0.89 34,17 25.0€ 3.30E-01
10.00 0,660 0.65 40.84 : 41.448 4,09E-01
15.00 8.749 0.51 48,20 48.71% 5.,19E~01
30.00 0.879 0,29 63+.19 B3e48 7.85E-01
50,00 0.944 .19 73.91 74,10 1.07E+00
70,00 8.970 0.16 79.17 79.33 1.33E+00
100,00 0.987 f0.11 81,85 . 81,96 1.70€£+00
150,00 0,996 0.08 72.10 72.18 2.35E+400
200.00 0.998 0.06 63,72 63.78 "3.0%€E+00
300.00 1,000 0.04 50.87 50.92 4,85E+00
400,00 1.000 0.04 43.28 43.32 £+9CE+(10
500,00 1.000 0.00 27.87 37.87 G.L6E+00
500,00 1.000 0.00 33.75 33.75 1.23E+01
780,00 1.000 0.00 30,51 30.51 1e54FE+01
800,00 i.000 0,00 27.90 . 27 .90 1.88E+01
900,00 1.000 0.00 25.74 25.74 2.26E+01
1000.00 i.00¢ 0,00 23.93 23.93 2.66E+01
1200.,00 1.000 0.00 21,03 21.03 3.55E+01
1500.00 1.000 0.00 17.90 17.90 5.10E+01
1700.00 1.000 0.00 16.32 16,32 6.28E+01
2000.,00 1.000 0.00 14446 14,48 8.22E+01
2500.,08 1.000 0.00 12.21 12.21 1.20E+02
3000,00 1.000 0.00 10.61 10.61 1.64FE+02
3500,00 1.000 0.00 9,41 9,41 2s14E+D2
4000, 00 1.000 0.00 8,48 8.48 2.7T0E+G2
4L500.00 1.000 0.00 772 ‘ T.72 F.32E+02
5000.,00 1.000 D.00 7410 7T.10- L,00E+02
5500.00 1.000 0.00 8,58 be58 4o,73E+02
6000.,00 1.009 0.00 6.14 I S.52E+02

6500.00 1.000 0.00 5.7€ 5.76 €.36E+02
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ABSORRER+ees CARAON

ION'......‘DEUTEPONS

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRCN*GRAM/CCM
0,190 0.056 7.20 2.8¢ 10.0¢ 1.34€=02
0.15 0.069 7.18 3.54 10.72 1,81€-02
0.30 0,097 6.80 5.00 11.81 Je14E~-Q2
050 0.125 6.12 bolb 12.58 4,78E-02
.70 0.147 5.60 7.60 13.25 €+33E-02
1.00 0.175 4.91 9,13 14.05 8.52E-02
1.50 0.214 bo13 11.1¢9 15.32 1.19¢~-01
2.00 0.246 3453 12.92 1645 1.51E-01
3.00 0.298 2.86 15.82 18.6¢ 2.08E~01
5.00 0,377 2.09 20,43 22452 3.05E~01
7.00 0.“37 1-75 2“.17 25.92 3.88E'01
10.00 0.508 - 1.29 28.89 30.18 L.94E~01
20,00 0.660 . 0.70¢ 40.85 4l1.04 7.73E-01
30000 0.7'49 0058 ‘#8.16 ’48.73 . 9093E‘01
50.00 0.849 0.38 59.04 50.43 1.36E+00
70,00 0.902 .31 664,77 . R7.08 1.68£+00
100.00 0.944 0.21 73%.90 7The12 2.10E+090
150,00 0.974 J.1¢ 80.04 80.20 2.75E+00
200,00 D.987 Nel2 81.83 281.95 3.36E+010
300,00 0.996 N.09 72.07 72.15 4.65E+00
400,00 0,998 0.07 63.6¢ €3.7¢ £.13E+00
600.00 1.000 0.00 50.89 50.89 S.6€E+00
700.00 1.000 0.00 46.73 46473 1.17E+01
800.00 1.000 0.00 43,30 43,30 1.3%E+01
900.00 1.000 0.00 L0.37 40.37 1.63E+01
1000.00 1.0080 0.00 37.8¢ 37.85 1.89E+01
1200.00 1.000 0.00 33.73 33.723 2.45E401
1500.00 1.000 0.00 29.13 29.13 C3L.41E+01
1700.00 1.000 .00 264.7€ 26.7¢ Lo12E+01
2000.00 1.000 0.00 23.92 23.92 C.31E+01

2500.00 1.000 0.00 20442 20.42 7.59E+01
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ABSORBER.see«CARRON

ION.ooooocoALPHA'pARTICLES

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENCTH
KEV (KEV/MICRON) Z (GRAM/CCM) MICRCN*GRAM/CCM
0.15 0.040Q 22453 5430 27.83 7.38E-03
0.20 0.056 23.04 be12 29.1€ G i4E~-03
0.70 0.105 22436 11.45 23.81% 2.47E-02
3.00 0.217 14.61 23.714 38,32 8.81E=02
5.00 0.279 11.37 30.60 41.98 1.38E~-01
7.00 0.330 9.59 36,21 45,840 1.83E-01
10.00 0.3923 7.81 43,28 ' 51.0¢ 2e45E-01
15,00 0ets78 5.82 53.01 58.83 3.36E~01
50,00 0.835 2450 96,76 99,27 7.79E-01
70,00 0.965 1.96 112.89 114.85 S.6€6E-01
150,00 1.294 0.99 157.54 168,53 1.55E+040
200.00 1.422 0.88 176.932 177.81 1.84E+00
300,00 1.593 0.54 203.25 203.79 2437E400
400.00 1.701 0.49 218.80 219.29 2.84E+0D
600.00 1.824 0435 226498 22731 3.73E+00
700,00 1.861 3,390 224,3¢ 224467 Le17E+0D
800400 1.889 0.2¢ 219.24 1 219.50 4eB2E+ND
900.00 1.910 0.24 212.90 213.14 5.08E+00
1000.00 1.926 0,22 206.07 206.29 5.56E£+00
1200.00 1.949 0.00 192.54 122.54 £.56E400
1500, 00 1.970 0.00 173475 173.76 R.20E+00
2000.,00 1.986 0.00 1LA, 68 148.6¢ 1.13FE+401
2500.00 1.993 0,00 12¢.90 129.90 1.49E+01
3000.,00 1.996 0.00 115,84 115.54 1.90E+01%
3500.00 1.998 0.00 104.22 104.22 2.36E+D01
4500.00 1.999 0.00 87.57 B7.57 Je41E+01
5000.00 1.999 0.00 81.25 81.25 LJODE+D1
5500,00 2.000 0.00 75.8¢ 75.86 Lebut+01
6000,00 2.000 8.00 71.21 71.21 5.32E+401
7000.00 2.000 0.00 63.5¢ 6356 €.81E+01

7500.,00 2.000 0.00 60.38 6038 7.62E+01
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ABSOR3ER e e+ CARBON

ION...OQ‘.CC-iz pECOILS

ENERGY E SNALE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MIGCRON) Z/(GRAM/CCM) MICRCN¥CRAM/CCM
0.15 84,62 £el16 cL.78 2.50E-02
0.20 89,58 7.12 C¢.EQ 3.02E~C3
0,30 AR L 45 Ra72 107.17 4,01E£~03
0,50 108,64 11.25 119,849 57¢E-03
6790 114,39 13,32 127.71 7.38E-032
1.00 118,31 15.01 134,23 9.66E~03
1.50 122.77 19,49 142.2¢€ 1.22E-07
3.00 118,07 27.56 14C. 54 2.37E=-02
5.00 109,03 35.59 144,€1 3.74E=02
7.00 100.65 42.11 142.7¢ 5.13£-92
10.00 40.Aa5 50.22 141,18 7.25E=02
20.00 6R .00 71.17 13¢.17 1.44E-01
30.00 55.35 87.17 142.52 2.1€E-01
50.00 61.28 112.53 162.181 3.51E=01
70,00 22.78 133.15 165,63 Le76E-01
100,00 27.01 159,14 18¢.1¢6 be47E=-01
190.00 13052 194,91 213,44 SQQ7E‘01
200.00 1€,47 225.06 2L1.53 1.12€4900
300.00 12.03 275,€5 287.€R8 1.50E+9090
400.00 9,32 318.289 227.¢81 1,82E+00
500.00 8.17 355.8F 364,023 2.11E+00
500.00 6.85 389.82 qCE.E7 2.37E+00
700,00 5.79 421.06 L2€&.85 2.82E+00
800.00 4.98 450.12 45c,.11 2.84E+00
900.00 5425 L7743 4BZ.€q 3.0€6E+00
1000,00 Le75 503.26 508.01 3.26E430
1200.00 3.89 551,29 558,18 J.63E+00

1500.00 793 61637 £18.2¢ L,14E+DD




ABSORBER.ees« CARBON

ION.Q..O...N’i“ RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /7 {(GRAM/CCM) MICRCN®*CRAM/CCHM
0.10 BL.75 5.15 8G.¢0 1.,71e~03
0.15 95,60 6,31 101.¢1 2.23E-03
g0.20 104,36 7.29 111.¢€5 2.70E-03
0.30 112,79 8.92 122.72 3+.55E-03
0.50 127.01 11.52 138454 5.08E-03
0.70 1344462 13.63 148,05 Be47€E-03
1.00 141.93 16429 158,23 B443€-03
1.50 147,10 19.¢6 1€7.08 1.15€-02
7.00 131.28 43,11 : 174,40 L,2GE-02
10,00 119,94 51.53 171.4€ 6.03E-02
15,00 105.39 £3.11 168, 49 8.9eE~02
20.00 93.07 72.87 1e5.,94 1.20E-01
30.00 ’ 76.93 89,25 166,18 1.80E-01
50.30 S5R.77 115.22 173.¢¢ 2.08€-01
70000 48,32 136,33 184,€5 L,0SE~-01
100.00 37.25 162.95 200.19 5.65E-01
150,00 29020 199,57 228077 7.88E-01
200.00 22.07 230444 252.51 1.01E+400"
300,00 17.70 282423 299, ¢3 1.37E+400
400,00 14,40 325.89 240289 1.68E400
500.00 11.81 36L.36 37€.17 1.96E+00
600.00 10.68 399.13 40c. 82 2.21E400
700.00 9,32 431,11 LLCo 4 2458400
800.00 8.15 460.88 469.03- 2.67E+00
900.00 7416 488,84 496.00 2.8R8E+079
1000.00 €.36 515.28 521.EL 3.07E+00

1200.00 6.27 StLe.bb 570473 3.44E+400




- 65 -
ABSORBER .4 essCARAON

ION.-0000000’16 QEﬂOILS

ENERGY E SN(E) SE(E) SY(E) PATHLENGTH
KEV {(KEV/MICRON) /7 (GRAM/CCM) MICRCN*GRAM/CCM
0.10 a3,.15 5.2k 98440 1.57E=-03
0.15 105.10 Bab?2 111.53 2+.04E-D2
0.20 115,23 Telk? 122.¢4 2e47E-03
0.30 12€.90 9.08 135.¢8 3.236-02
0.50 142,25 11.72 154,97 L.c0E-02
0.70 152,18 13.88 1€7.05 5Se84LE=-D3
1.00 162.35 16.58 178,¢3 7.57E-03
1.50 169,71 20,21 1¢0.02 1.03£-02
2.00 175.13 23,45 1¢g8.t9 1.28E-D2
5.00 170.76 37.017 207.°25 2e74E-Q2
10.00 150.98 52.L4bL 202,43 5.17E-02
20,00 121.93 Thal7 19¢€.15 1.02€-01
30.00 1G?.98 90,84 123,82 1.52E~01
50,00 79.38 117.27 1G€. €L 2.5€€-01
70.00 65.81 138.75 204,56 3.56E~01
100,00 5250 165.84 218424 4,98E=-01
150,00 41,83 203.11 24b,C4 7.15E-01
200.00 22.81 234,54 2674325 9.11E-01
300.00 25.65 287.25 312.¢€90 1.26E+00
400.00 19.98 331.€8 251.€4 1.56E+400
500,00 17.16 370.82 287.¢9 1.83E+400
500.00 14,63 L06.23 420486 2.08E+400
700.00 12.69 4£38.78 451. U6 2.215+00
800,00 12.08 469,07 481,13 2+52E+0310
902.00 10,83 497.52 508435 2472E+00D

1300.00 9.73 52hL. 4 534,17 2.91€E+00
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ABSOKBER .+ e CARBON

ION00000009F°19 RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRCN) /7 {(GRAM/CCM) MICRCN®*GRAM/CCM
0.15 115,93 6433 122.26 1.895-03
0.30 143,06 8.05 182.01 2.9RE-02
0.50 160.58 11.56 172.14 L.21E-03
0.70 172.64 13.€8 186,22 5.32E-03
1.00 184,60 16,35 20045 6.87E-02
2.00 201,46 23.1°2 224458 1.,15E-072
3.00 209,53 28432 237.85 1.€8E-02
.00 205,91 26.56 2L2.4E 2.42E-02
7.00 199,53 43.2% 242.78 3.24E-02
10.00 188.03 51.7¢C 230,73 L 4RE-Q2
15,00 170.85 £3.32 224,17 be5CE-0D?
20.00 157.59 73.11 220.70 8.75E-02
30.00 134.18 89.55 223,73 1.32E-01
50.00 105.28 115,60 220,88 2.22E-01
100.00 7?2142 163,49 235.¢1 Lo42E-01
150-00 SQQBS 200023 255008 6¢Q5E°01
200,00 L7.70 231,21 278,61 8.323E-01
300.00 32.99 283.17 31€.16 1.17€+400
LO00.0O 29.15 326.98 356013 1.47E+08
500.00 23,90 JES.57 388,47 1.74E400
600,00 21,25 400,46 421472 1.98E+4040
700,00 18.€9 432.55 451,23 2.21E+00
800.00 16,55 Le2.41 478467 2443E+400

90C.00 14.85 LSO.Lb 505,232 2.€3E£400




ABSORBER.«eee CARAON

IONQ.OOCOQOS-32 QECOILS

ENERGY E SNA(E) SE(E) ST((E) PATHLENGTH
KEV (KEV/MICRON) Z (GRAM/CM) MICRCN#GRAM/CCM
0.15 152,19 6.71 15¢9.,¢90 1.4€€=-02
0.20 169.54 7.75 177.28 1.75E-02
0.30 194,97 9,49 204,47 2.28E=~032
0,50 228,83 12.25 241,09 3el7E~D2
0.70 252.57 14.50 267.068 3.86E=-03
1.00 2RN 57 17.23 - 297.€0 5.02E-03
1.50 305.28 21.22 37€.50 6.,63E-02
2.00 32“021 2Lhe51 348,71 8011E°03
2. 00 349,38 3J0.01 278.29 1.0¢6£-02
5.00 376653 33.75 415.28 1.,5QE=-02
7.00 JRE .53 L5.85 422,237 2.,0€6E=02
10,00 235,39 54,80 450419 2.74E=Q2
20.00 372.80 77.50 451,20 4.9€E-02
30,00 3L8.59 94,91 Lu3,c0 7.19E~-02
50.00 305.72 122.52 428,28 1.18E-01
70,00 273,49 144.98 L18.47 1.65€£~01
100.00 232,23 173.29 4ie.c¢€ 2.28E-01
150,00 191.31 212.23 402.54 3.61E-01
200,00 165.97 245,06 411,03 L.84E-01
300.00 131.13 300.14 421,27 7.22E-01
“00.00 107.81 3“6.57 QSQ.BG 90“7E'01
500,00 90.86 387.48 L78.24 1.16E+400

600.00 85455 L2445 510.01 1.26E+400
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ABSORRER.ee s« NTTROGEN

IONesseeeea PROTONS

ENERGY E ZEFF SNAE) SEA(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /(GRAM/CTCM) MICRCN®*GRAM/CCM

0010 0.079 3.20 3062 6.82 2‘20E‘02
0.15 0.097 3.22 bobd 7.EE 2.8%E=-02
0.20 0.112 3.21 5.12 Be34 2,51E~02
0.30 0.136 3010 .6028 9038 QQ6“E’0?
0.50 0.175 2.82 8.10 10.92 E.61E-02
6.70 g.207 2458 9.59 12.17 8.34E-02
1.00 D.246 2431 11.46 13.77 1.06€-01
1.50 0.298 1.9¢ 14,04 15,99 1.40E-01
2,00 0,340 1.69 16.21 17.89 1.70E-01
3000 Go“gq 1037 19085 21.22 21215‘01
5.00 00508 - 1.01 25-62 2606“ J.0LE~-01
7.00 0.580 ‘ 0.79 - 320.32 21,11 . 7THE-DL
10,00 0.660 .64 3624 ' 36.88 4,628=-01
15000 Go?“q 0050 . “5038 b&.88 508“E‘01
20-00 00808 0039 51.?5 Sl.&k 6088E'01
30,00 0,879 0,29 6277 62.05 B.62E-01
50,00 0.QuLL 0.19 7L.€9 74,89 1.15E400
70.00 0.970 0.12 78.79 78,92 1.41E+400
100.00 0.987 .21 7747 77457 1.79E+400
150,00 0.996 B.03 69,39 €3, 47 2.47TE+00
200.00 0.9398 8.06 60.88 60.94 2L2LEHDD
300.00 1.000 0.04 G747 47 .51 £.11£400
400.00 1.000 8.02 L0.73 4077 7.39E+30
500.00 1.000 0.00 35.83 35,83 1.00E+01
600,00 1.000 0.00 32.05 32,05 1.,30E+01
700.00 1.000 0.00 2%.0¢ 29.0¢ 1.63E+01
800.00 1.000 0.00 26463 26463 1.8CE+01
900.00 1.000 0.00 2heb1l 2heb1 ?e38E401
1000.00 1.000 0,00 22.91 22491 2.80E+01
1200, 00 1.000 0,00 20.19 20.19 3,73E401
1500, 00 1.000 0.00 17.22 17.22 5.3LE+T1
1700.00 1.000 ‘0,00 15.72 15,72 €.56E+01
2000.00 1.000 0.00 13.85 13.95 8.58E+01
2500,00 1.000 0,00 11.80 11.80 1.25€+02
3000.00 1.000 .00 10.27 10.27 1.71E402
3500.00 1.000 0.00 9.12 9.12 2422E402
4000,00 1.000 0.00 8.22 8,22 2.80E+02
4500,.,00 1.000 0,00 750 7.50 JJLUE+02
5000,00 1.000 0.00 690 6.90 L,13E+02
5500.00 1.000 0,00 6el0 6440 L,838E+]?
6000.00 1.000 ' g0.00 5.97 5.97 5.70E+02

6500.00 1.000 0.00 5.€0 5.60 E.5€E+02




BSORBER. ¢ s« NITROGEN

ION.DQ.....DEUTERONS

FNERGY E 7EFF SKA{E) SE{E) ST(E) PATHLENGTH
KEV (KEV/NMICRON) 7 (GRAM/CCM) MICRON®*GRAM/CCM

0.10 0.056 5.95 2456 3.51 1.61E~02
0.15 0.069 6.15 3e14 9.2¢ 2.17E=02
.30 0.097 5.85 Loby 10.2¢ 2.70E-02
050 £.125 5.38 5672 11,10 5e57E=-02
0.70 0e147 bo93 6ae78 11,71 7.32€-02
1.00 0.175 Leb3 8.11 12.53 9.803E-02
1.50 G.214 3.72 QOQ3 13.65 1.36E=-01
2,00 0.246 2,27 11.48 14,74 1.71E-01
2.00 0.298 2.686 14,04 16,70 2+35E-01
5.00 0.377 1.98 18.13 20.11 2.44E-01
7!00 00“37 1;55 210"’5 23000 '4037&"01
10.090 0.508 1.27 25,63 ?6.91 5.57E-01
15.00 0,596 .87 J1.40 32.2¢€ 7Te26E-01
30.00 0.740 1.57 LLo,bul 44,97 . 1.11E+00
50.00 0.849 .38 5722 57.70 1.50E+400
70.00 0.902 0.27 656494 . h7.21 1.82E+00
100.00 0.0ub 0.22 TL.67 74489 2.2LE+00
150.00 BeG74 0.13 79,09 78,22 2.89E+00
200.00 0.987 0.12 7744 77.56 2.52FE+00
300,00 0.996 .09 659,36 €E9.45 L.B8RE+0D
400.00 0.998 0.07 60485 60,92 EJL2E+DQ
500,00 0.999 . .06 53,16 53.21 8.18E+0D
600,00 1.000 .00 L7.4¢ 47 o 4Q 1.02E+01
700.00 1.000 1.00 43.82 L3.82 1.24E+01
800.00 1.000 0.00 40.75 40,75 1.47E+01
900.00 1.000 0.00 38.11 38,11 1.7%£+401
1000.00 1.000 0.00 35.8¢2 315.82 2.00E+01
1200.00 1.000 0.00 32.02 32.02 2.50fF+01
1500.00 1.000 0.00 27.77 27,77 2.60E+01
1700.00 1.000 0.00 25.56 25.5¢ 4.35E+01
2G00.00 1.000 0.00 22.90 22.90 S.59E+01

2500.00 1.000 0.00 19.60 19.60 7.96E+01
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ABSORBER.ees s NITROGEN

ION.OQO.COOALPHA’PARTICLES

FNERGY E JEFF SN(E) SE(E) ST((E) PATHLENGTH
KEV (KEV/MICRON) /{(GRAM/CCM) MICRON*GRAM/CCM
0.10 0.040 17.73 Jolk? 21,15 6.71E-03
0.15 0,049 18.91 L.12 23.190 8.97E=-02
0.20 0.056 19,43 L83 24426 1.11E~02
0.30 0.069 20,27 5092 26419 1.,50E~02
8.50 0.0A49 20,06 764 27,710 2.2LE=02
0.70 0.105 13,55 Q, 04 28.58 2+95E=02
1.00 0.126 18,52 10.80 29,32 3.9CE=-02
1.50 0.154 16,91 13,23 30,15 5«67E~02
2.00 04177 15.6¢ 15,28 20.94 7.30E=-02
3.00 0.217 13.44 18,71 22.18 1.05€-01
5.00 0.27¢9 10.63 2u4,4.1€ 4,79 1.65€E-01
7.00 0.330 8098 28.58 37-56 2e20E-01
10.00 0.393 ' 703“ 3L, 18 41.570 2096E'01
15,00 f.478 562 L1.84 L7 .4k 4,08E~-01
20.00 0.548  Le.R8 48,31 53.19 S.08E~01
I0.00 0.663 43 SQo17 £2.60 . E.81E~-D01
50,00 0.835 2ela7 764389 78.8¢ C.61E-01
70,00 0.965 1.93 90,39 . 92431 1.20E+00
100.00 1.115% 1640 108,03 109,43 1.49E+00
150,00 1.294 1.01 132.31 133,32 1.91E+00
200,00 1.422 0.388 152.78 153,68 2.26E+00
300.00 1.593 0.5¢6 186.88 187 .44 2eBULE+DD
400.00 1.701 0.49 211,18 211.67 3434E400
500.00 1.773 0.39 218,82 219,21 2,80E+00
600.00 1.824 .32 220.€0 220.93 L.25€+00
700.00 1.861 0.30 217.25 217.55 Loe71E+00
300.00 1.839 0.2€ 210.60 210.8¢ 5418E+00
900,00 1.910 0.23 203,84 204,07 5.66E+00
1000.00 1.926 0.21 196,27 1%6.48 £.16E+00
1200.,00 1.949 D.19 179,52 179,71 7.22E+00
1500.,00 1.970 0.00 163,27 163,27 . 8.97€+400
1700.00 1.378 0.080 153.%0 153.50 1.02€E+01
2000,00 1.9886 0.00 140.68 140.68 1.,23€+01
2500.00 1.993 0.00 123.47 123.47 1.61E+01
3000.00 1.996 D.00 110,17 110.17 2.04E+01%
3500.00 1.G898 0.00 99,.,&2 €9,62 2.52E+01
L000.00 1,992 N.00 31.0¢ 91.0¢€ J.04E+DT
4500.,00 1.999 0400 83.28 33,98 2.61E+01
5000.00 1.999 0.00 78,02 78.02 4.23E+401
5500.00 2.000 0.00 72.92 72.92 L,89E+01
6000.00 2.000 .00 68451 £8.51 S.60E+01
6500.00 2.000 0.00 6h4,.6E €L,6€ €.35E+01
7000,00 2.000 0.00 61.25 61.25 7.15E+01

7500.00 2.000 0.00 58.22 58,22 7+.99E+01
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ARSORBER e s« o« NITROGEN
IONO...Q.C.C-ie RECOILS
ENERGY £ SNHE) SE(E) ST(E) PATHLENGTH
KEV (KEY/MICRON)/ {GRAM/CCM) _ MICRCN*GRAM/CCM
0.10 6@.82 4065 69.Q7 ZOIQE-OB
0.15 73,72 5470 7Ce 41 2.REE~QZ
0.20 78,34 B.58 8L4,c2 J.ueE=-D2
0430 "8h.81 8.06 34,87 4,57E-02
0.50 95,92 10,40 106,22 6.55E-02
0.70 101.21 12.31 112,52 Be37E~-D2
- 1,00 105,08 14,71 118.78 1.0C8E-02
1.50 109,62 18,01 127.€3 1.50E-07?
2.00 10R,73 20.80 126,532 1.88E-02
3.00 107 .54 25.48 133,02 2.PU4E~-02
5.00 100‘09 32-89 132098 “tl“E'ﬂ?
7.00 92,03 38.92 . 131.¢5 BeEEE-NZ
10000 8“.6“ “6.51 131015' 709“E‘02
15.00 72.63 56497 126, &0 1.18€-01
20,00 6L .54 665.78 130,32 1.56E-01
30.00 51.86 80 .56 132443 2.22E-01
50.900 38,.,€5 104,01 142,¢€5 3.78E-01
70,00 J1.91 123.06 154,¢7 5.,126-01
100.00 2603“ 1&7009 1730#3 6.95E‘01
150,00 13,52 130.14 19R.E6 G,64E-01
200.00 16,17 208.01 224.1¢ 1.20E+00
300,00 11.31 254,76 26€.07 1.616£400
400,00 Ge24 294.17 303.42 1.89€E+00
500,00 7.54 328.90 336443 2.27E+00
600.00 6, A5 3¢0.29 267,14 2.5EE+QD
700.00 5.86 289.15 3¢s,01 2.82E+00
300,00 5.05 416,02 421.07 3.06E+00
300,00 443 Lul,26 LLuS,E9 3.30E400
1000.,090 4,73 LES.12 LEG, 8t 3.51E+730
1200.00 2,95 509.52 513447 3.92E+090
1500.00 3.02 569.66 5724€9 L 47E+00
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ABSORBER.ee e s NITROGEN

ION..'iOOOQN-lq pECOILS

ENERGY £ SNAE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRON®*GRAM/CCM
0010 TL,356 L.78 7001“ 1095E’03
0.20 91.83 6e76 CE.5C 3.072-02
0,30 100,49 8,28 108,77 L.D3E-03
0.50 112.75 10,69 122. 45 5.75E-03
0.70 119,97 12.€5 132.€2 7.31E-03
1.80 126,75 15.12 161,87 9,u4CE~-02
1.50 131.83 18,52 156,25 1.295-02
2.00 135.49 21.38 156.R7 1.62E-02
3.00 123.93 26.19 160.12 2425E=02
.00 128,70 33.81 1€2.51 JeLAE-Q2
7.00 121.43 40.00 161443 L.71E~-02
15,00 ea.09 58.56 157.€4 9,74E=-02
20.00 88,20 87.€2 156,81 1.2¢E-01
30,00 132,57 B2.81 15¢,28 1.93E-01
50.00 56437 106.91 163,29 3.1¢E-01
70.00 k6.h3 126.50 172093 “0385‘01
100.00 6,42 151.20 187.€1 6.05€E-01
150.00 2R84 185.18 214.02 8.54E-01
200,00 22.06 213,82 23%. 8¢ 1.08E+00
300,00 17.54 2¢61.88 27Ga 12 1.48E+0Q0
400,00 12,54 302.39 31%,¢3 1.80E+0¢0
500,09 11.71 338.0¢ 49,80 2.10E+00
6500.00 9,90 370.36 38C.CE 2.27E+00
700.00 9.24 400.03 bgs.27 2.63E+00
B00.,00 R.17 427.65 425,82 2.86E+00
Qp0.00 7.24 453,59 460.83 3.09E+00
1000.00 Eoll 478.12 484 E7 3.20E+00

1200.00 5.26 523.76 529,02 3.€9E+00
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ABSORBERsae e s NITROGEN
ION....Q...O-ie RFCOILS
ENERGY E SN(E)} SEA(E) ST(E) PATHLENGTH
KEV (KEV/MINRON)/{(GRAM/CCM) MICRCN*GRAM/CCM
0.10 B24 kb L,88 B7.32 1.77E-03
0.20 101.97 6291 108,87 2.7%E-03
0.30 115.13 A.bub 123.59 J3.64E-03
0.50 128.44 10.92 130, 23¢ 5.17€-02
0.70 137.39 '12.92 150. 31 £.55E-03
1.00 145,81 15. 44 1€1.°25 8 47E-03
2.00 158.13 2108“ 179OQT 1.“3E'02
2.00 162476 26s74 189,50 1.C7E=02
5.00 157 .56 IL.E53 jcz2.0¢ 3.02E-02
7.00 150,90 40.85 191.7¢€ 4.0RE-D2
10,00 140.64 LB.B2 18%.47 5.64E~-02
15.00 12€.35 59.80 186415 8.30E-02
20,00 115,33 69.05 184,28 1,10F=-01
30,00 8e6.h2 84,57 181.20 1.65E-01
50.00 74,83 109.19 184,02 2.7T4E=-01
70.00 62.96 129.18 192.15 3.80E-01
100,00 51.03 154,41 205. 44 S.21E-01
200,00 22.55 218,37 250492 9.71E-01
300,00 22.05 2E7 .45 2RG,E0 1.34C+00
400,00 19.75 308.82 228,57 1.66E+400
500.00 16,15 3us,.27 361.42 1.9%E+00
6N0,00 14,49 378.22 3e2.,72 2.22E+00
700,00 12.60 408.53 421,12 2.LEE+0D
300,00 11,15 L36. 74 447,89 2.869E+400
900.00 10.76 463.23 473.€9 2.91E+400

1000.00 9,75 488.29 498,04 3.12E+00
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ABSORBER. .4+« NITROGEN

IONO.QQ....F-ig RECOILS

ENERCY E SN(E) SELE) ST(E)
KEV (KEV/MICRON) / (GRAM/CCM)
0.10 91.18 4,83 C6.01
0.15 103,57 5.91 109,489
0.20 112.54 6,83 110,27
0.30 128.02 8,36 13€.29
0.50 164,21 10.20 155.11
0.70 155.63 12.77 168,41
1.00 166,98 15.27 182.¢5
1.50 178,18 18.70 126,88
2.00 183,15 21.5¢9 20bL,74
3.00 191,21 26,L4 217.€5
5.00 189.60 Jhoil 22374
7.00 184,96 40,39 225435
10.00 175,48 48.28 223,78
15.00 160,50 59.13 219.,£3
20.00 148,77 €8.28 217.05
30.00 1¢7.95 83.€2 211.6512
50.00 101,36 107.Q¢ 200,32
70,00 85.61 127.7¢4 213,235
100,00 70.08 152.68 222476
150.00 53.74 186,99 240.73
200,00 46.66 215,92 2€2.%8
300,00 X2.97 264 .45 297.42
400,00 28.69 305.36 324,05
500.00 23.73 341.40 365,12
600.00 20,09 373.98 3%4,07
700.00 18,46 403.85 422441
800.00 16,44 431.84 Lag,27
900.00 14,75 458.02 472.78

PATHLENGTH

MICRON¥GRAM/CCM

1.63E-03
2011E'03
2.55E-02
3.33E-03
4e6CE-03
5.83E~02

7.63E-03
1.03E-02
1.27E-072
1.75€-02
2.€65E-02
3.54E=02

4.,87E=-072
7.13E-02
S.42E~02
1.41E-01
2.3€EE£-01
3.31E-01

L.ESE-D1
6.,85E-01
8.R5E-01
1.,24E+00
1.56E+4080
1.85E+00
2.11E+400
2.35E+00
2.58E+00
2.80E+00
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ABSORBER.eee e NTTROGEN
ION.Q......S‘32 RECOILS
ENERCY E SN(E) SEL(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)/Z7(GRAM/CCM) MICRON¥GRAM/CON
0.10 122,09 5.19 128,28 1.22E-03
0.15 1“0.63 6036 1“60qq 1058E-03
0.20 1655.70 7.34 163,04 1.30E-03
0.30 172,56 8.99 1RRBL,ES 2.L47€E-02
0050 210'78 11061 ' 222.38 3.““E‘03
.70 232.59 13,732 24€,22 4,30E-03
1.00 259,23 16.41 27C.64 5.44E-03
1050 282.&2 20010 302.52 7.185'03
2.00 300.51 23.21 223,72 8.77E-03
2.00 324,82 28443 353,25 1.17€-02
5.00 350,96 26.70 387.€66 1.71£-072
7.00 360.79 L343 : L04,21 2.22E=~02
10.00 370.92 51.90 422.82 2.94E-02
15,00 362.81 63.57 428,38 4,12E-02
20.00 353.69 73.40 427.09 5.29€=-02
30.00 ’ 331.65 89,.¢0 421,54 7.65E-02
50.08 292,82 116.06 408.€8 1.25E-01
70.00 263,27 137.32 400.59 1.74E-01
100.00 225.78 164,13 38g9.¢1 2.50E-01
150,00 186,13 201.02 387165 3.7GE~01
200.00 161.5? 232.12 302.€3 S.07E-01
300,00 128,09 284428 412.37 7.5¢6E£-01
“00000 106.11 328.26 “3“037 90925‘01
500,00 89,51 367.01 L5E.52 1.22E+00

600.00 Blhobl 402,04 LB8Ge4A 1.43E+00
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ABSORBER.ees« OXYGEN

IONoeceeees PROTONS

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRON) /{(GRAM/CCM) MICRON®GRAM/CCM
0018 00079 2.68 3026 509& 2057E'02
.15 0.097 2.79 3.9¢9 B.78 3e36E-02
0,20 0.112 2.75 4,61 7.36 L,07E-02
0. 30 00136 269 " G.85 8o34 5.34E=-02
0.50 0.175 2448 ' 7.29 9,78  Te54E-02
0070 0'207 2.30 8-63 10-93 99“7?‘02
1.00 0.246 2.08 10,31 12.40 1.20E-01
1.50 0.298 177 12.63 14.490 1.58E~01
2.00 0.340 1.57 14.59 16.15 1.90E-01
3.00 00“09 1.28 17087 19.1“ 2.“78’01
5.00 0.508 . 0.95 23.06 2L.402 2.40F~01
7.00 0.580 ‘ 0.78 27429 28,05 4,17E-01
10.00 0.660 0063 32062 . 3302“ 5.15E’01
15,00 0.749 : Det3d 37.92 2B.35 €.56E=-01
20.00 0,808 ' 0.38 L3,63 Lu,01 7.77E<01
30.00 0.879 0.28 51.45 51.73 9.85E~01
50,00 D94k 0.19 60,18 60,37 1.34E+00
70,00 D.970 0e14 Bhell Ble33 1.66E+00
100,00 0.987 0.11 64,31 - Bho42 2.12E400
150,00 0.936 0..7 650.13 f0.20 2.92E+D0
200.00 0.998 0.06 54.87 54.93 3.79E400
300,00 1.000 0.04 45,99 46,04 5.79£+00
L00.00 1.000 0,02 39,869 39.73 B,13E+00
500.00 1.000 1.03 34,98 35.060 1.,08E+01
600.00 1,000 0.00 31.36 21.36 1.38E+01
700,00 1.000 g.00 2R H7? 2847 1.72€+01
800,00 1,000 0.00 26,11 . 26411 24.0%E+01
300.00 1.000 0,00 244,15 2ha15 2.48E+01
1000.00 1,000 0.00 22450 22450 2.91E+01
1200.00 1.000 0.00 i9.84 19.84% 3.86E+01
1500, 00 1,000 0.00 164,95 16.95 S.51E+01
1700.00 1.000 0.00 15.48 15,48 E.7LE+DT
2000.00 1,000 0.00 13.75 13.75 8.,80E+01
2500.00 1.000 0.00 11.84 11.64 1,28€E+02
3000.00 1.000 0.00 10.14 10.14 1.74E+02
3500.00 1.000 0.080 9,01 9.01 2.26E402
4000.00 1,000 0.00 8.12 Bo12 2.,85E+02
4500.00 1.000 0.00 Tell 7okl JJ4AE+D2
5000.,00 1.000 0,00 6,82 6.82. 4.20E+02
5500,00 1.000 0,00 Be 32 6.32 - L,86E+02
6000.00 1.000 0,00 5.90 5.90 5.78E+02

650000 1.000 0.00 5.54 5.54 E.65E+02




ABSORBER«cees OXYGEN

IONesesees e DEUTERONS

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRON) /(GRAM/CCM) MICRON¥GRAM/CCM

0.10 0.056 5.02 2431 7433 1.90€=-02
0,15 0.069 5«24 2483 8.0€ 2+55E-02
0.20 0.079 5.19 3.26 8,45 Js415E-~02
0.30 0.097 5.12 4,00 9,12 4,29E-02
0.50 0.125 Le75 5616 9,91 Fs39E-02
0070 001“7 Lol 6010 10052 803“E-02
i.00 00175 4.01 7.30 11030 1.11E~-01
1.50 0.214 3e43 8.94 12.37 1.53E=-01
2.00 0.246 3.05 10.32 13.36 1.92€-01
3.00 0.298 2elety 12.64 15,08 2+.62E-01
5.00 0377 1.87 16,31 18.18 2.83E-01
7.00 Det37 1.50 19.30 20.80 4,85£=-01
10.00 0.508 - 1.24 23.07 24,31 £.18E-01
15.080 0.596 D.86 28426 29,12 R.05E~01
20000 00660 X De7€ 32.62 33039 Q.SEE*Ul
30,00 0.749 0453 37.84 38,37 . 1.25€+400
50.00 0.849 0.38 L8.14 484,52 1.71E+00
70.00 0.902 0.27 544,46 . SL.T74 2.09E+00
100,00 0.944 0.22 60.1€ £0,.,38 2.061E40D
150,00 0.974 Dol BLe5Sh EL.68 341E400
200,00 0.987 0.12 BLae29 Elhobel L,1BE+QQ
300.00 0.996 .08 650.11 60.19 5.78E+00
400,00 0.998 0.07 54,85 54L.92 7.52E+00
500.00 0.999 - 0.0% 49,91 49,9¢ S .L3E+00
600.00 1.000 0.05 45.97 46.02 1.15E+01
700,00 1.000 0.00 42,63 42,63 1,38E+01
800.00 1.000 0.00 39,71 19,71 1.62E+401

900.00 1.000 0.00 37.19 37.18 1.88e+01 -
1000.00 1.000 0.00 34499 34,99 2.16E+01
1200.00 1.000 D.00 3134 31.34 2.7¢E+401
1500.00 1.000 0.00 27.22 27.22 . 347QE+01
1700.00 1.000 0.00 25.08 25.08 LeS5EE+01
2000,00 1.000 0.080 22449 22449 5.83E+01

2500.00 1.000 0.00 19.27 19.27 B.24E+01
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ABSORAER 44 s ¢ s OXYGEN

ION...QooooALpHA‘PARTICLES

ENERGY E ZEFF SN (E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) Z/ (GRAM/CCM) MICRCN®*GRAM/CCM
0,10 0.040 15.11 3.11 18,22 7.89€=-03
0.15 0.0u49 156.1€ 3.81 19.97 1.05€=-02
0.20 0.056 16.87 Lo4o 21.27 1.29€-02
0.30 0.069 17.48 5439 22487 1.75€=-02
0.50 0.089 17.5% ‘ 6,96 24.51 2.58E=-02
0.70 0.105 17,35 8,23 25.57 3.38E~-02
1000 0.126 16.58 v 9,84 26442 h053E°02
1.50 0.154 15.28 12.0% 2732 6.39E-02
2.00 0.177 14.186 - 13.91 28,07 8.20E-02
3000 00217 12.“3 1700“ 29.“6 1.17E’01
5.00 00279 . gogq 21099 31098 1‘82E’01
7.00 00330 ) 8.30 ,26o02 244,33 20“2E’01
10.00 0,393 €.91 31.10 : 38.01 3.25E~01
15.00 D.478 : 5.414 38,009 43,51 L,48E~-01
20.00 0.548 : 4,37 : 43.99 48,35 5.57E=-01
30.00 6.663 .42 53.87 57.2¢ 7T.46E=-01
50,00 0.83% 2eb4 69,55 71.99 1.06E+400
70,00 0.965 1.80 82.29 84.09 1.31E400
100,00 1.115 1.38 98,36 Q9,74 1.64LE+00
150,00 1,294 102 122.¢€1 123.62 2.08E+00
200.00 1.422 0.74 139,13 139.87 2.46E+400
300,00 1.593 .58 158,90 159,48 2e13E+00
400.00 1.701 0.40 173.01 173.41 3.73E+400
500,00 1,773 0.3¢ 187.02 187 .41 4,29E+00
600,00 1.824 0633 192,30 162,63 L.81E+00
700,00 1.861 0.28 193.07 193.35% 5.33F+00
800.00 1.889 .26 189,40 189,68 S.B85E400
300.00 1.910 0.23 185.73 185.97 EL38E+00D
1000.,00 1.926 .21 179.87 180.08 £.93E+00
1200.00 1.949 0.18 167,41 167,58 8.08E+00
1500.00 1.97¢0 0.00 153,09 153.09 9.,96E+00
1700.00 1.978 0.00 146,0¢ 146.0€ 1.13E+01
2000.00 1,986 - 0.00 137.29 137.29 1.,34E+01
2500.00 1.993 0.00 128.8¢ 120.86 1,73E+401
3000.00 1.996 0.00 107.99 107 .99 2.17E+01
3500.00 1.998 0.00 97.75 87.75 2.6EE+01
000,00 1.999 0.00 B9 43 89443 2.19E+01
4500.00 1.999 0.00 82.52 © B82.52 2,77€+01
5000.00 1.999 0.00 76.71 76.71. 4L,4L0E+401
5500.00 2.000 D.00 Ti.74 71.74 - S.08E+01
6000000 2.000 ! 0000 67.“3 67.“3 5‘805+01
6500.00 2,000 0.00 63,65 €3.65 6.56E401
7000.00 2.000 0.00 60432 €0.,32 7T«37E+401

7500.00 2.000 .00 57.3¢€ 57436 8,22€£+01




- 79 -
ABSORBER.enes OXYGEN
ION.-...'.-C-iz RECOILS
ENERGY E SNA{E) SE(E) ST{EY PATHLENGTH
KEV {KEV/MICRON) /7 {GRAM/CCHM) MICRCN*®*CGRAM/CCHM
0.10 57.52 bo33 61485 Ce4ARE-D3
0,15 64488 5.31 70,10 3.24E-03
0.20 70.6@ 6,13 7479 3.G2E=-02
0.70 90,43 11446 101.8¢ 9.,41E~03
1.00 95,33 13.70 10¢.02 1.23E-02
1.50 98,62 16.78 115,40 1.67£-02
3.00 af, 14 23.73 121.87 24Q3E=-02
5.00 92.42 30.62 123,05 4.56£-02
10.00 7R .66 43,32 121.¢8 8.64LE-02
15,00 68.70 53.08 121.786 1.276-01
20,00 6043 6l.2¢ 121.€9 1.682-01
30.00 “9071 75003 12“‘0?‘0 2.&05-01
50.00 IB.14 96.87 13%.01 L,04E-C1
70.00 31.03 114,62 145, €5 S5.4€E~01
100.00 23.78 136,99 1€0.78 7T+ 42E-01
150.00 18,48 167.78 186.,2¢€ 1.03E+400
200.00 13.94 103,74 207.£8 1.28E+00
300,00 11.21 237.28 2LBL4¢ 1.72E+00
400.00 9.15 273,28 282,14 2.10E+400
500,00 Tolb? 306,32 313.80 2e43E400D
500.00 679 335.5¢ 342,735 2.7LE+0D
700.00 t.89 3E2.45 3ERL 33 3.02E+400
800,00 5.11 287,47 202.k49 3.28E+00
Q00,00 La.u8 410.27 415,48 3.53E+00
1000,.00 2.99 433,21 437.1¢ 3+76E+00
1200.00 3.87 474,55 L78.,52 L,20€+00
1500.00 2.10 530.57 522.¢7 L,7SE+00




- 80 -

ABSORBER e« s« OXYGEN

ION........N'i“ pECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRCN*GRAM/CCM
0.10 65,92 LobL?7 70,29 2,1¢%E-03
0.20 81.52 6-32 87.8“ 30&5E‘D3
0.30 89,59 Te74 97422 4.,52E-02
8.50 100.95 9,99 11¢€.¢5 6.43E-03
.70 107.80 11.82 118,82 B.16E-03
1.00 114,13 14413 128.¢¢8 1.06E=-02
1.50 11QQ12 17.31 13€.43 1.43E=-02
2.00 122,80 19.¢8 142.78 1.7¢E-02
3.00 122440 24,47 146,87 2.48E-D2
5.00 118.A0 31.€10 150429 3.82E-02
7.00 112.86 37.29 150.24 5.15€~02
10.00 104,43 Lit.68 14Q,12 7.19E=02
15.00 93443 5L.73 148,15 1.,05E-01
20,00 82.81 £2.19 147,00 1.39E-01
50.00 ShaZlb 96,92 154,15 3.40E-0]
100,00 35,63 141,30 176.¢3 b 43E-01
150,00 28.35 173.06 201,41 9,08E-01
200.00 22.06 1¢9.83 221.89 1.14€400
300400 17.33 2Lk 74 262,08 1.56E+40
400,00 1340 282.80 238€,00 1.92E+070
500.00 11.59 315.96 327.55 2.2LE+00
600,00 Q9,85 346,12 355.97 2.53E+00
700,00 2,55 373.85 282.40 2,80E400
900,00 7.27 423,91 431.18 3.2CE4+00
1000.00 €.51 Lug, B4 453435 3.52E400

1200.00 S.31 489,49 484,80 3.,94E+00



- 81 -

ABSORBERcoess OXYGEN

IONoooonoooO'is pECOILS

ENERGY E SN{E) SE(E) SY(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRCN*GRAM/CCM
80.15 83.82 5.61 89,42 2.58E-03
0.20 91.05 bets7 Q7452 3.12E-03
0030 103'23 7.93 111.16 “QU&E‘OB
0.50 115.56 10.23 125.79 5.77E-02
0.70 123,96 12.11 136,07 7.2CE=D3
1.00 122,19 16447 146.€6H 9.41E-03
1,50 140,51 17.72 158,24 1.27€-02
2,00 143,80 20 47 164,27 1.58E-02
3,00 142,01 25.07 174.08 2e17E-02
5.00 145,50 32.36 177.86 J.31E-02
7.00 140,30 38.29 178.59 Le43E-D2
10000 131!59 L‘S.?? 1?7.36 6011E'02
15.80 118.99 56.06 175,05 8.95E~02
20,00 109,31 bLho73 174,03 1.186-01
30.00 G242 79.28 171.€9 1.7¢E-01
50,00 72.06 102.34 174,41 2.92E-01
70.00 60.78 121.09 181,87 Lo,04E-D1
100,00 49,37 144,74 194,11 S.6u4E-01
150,00 27.05 177.2¢ 216421 8,08E£-01
200.00 32,17 204, €9 228486 1.02E+00
300.00 21,98 250.69 2T72e€7 1.47E+00
400.00 19.59 289,47 300,.,0¢ 1.77E+400
500.00 16,00 323.64 33G.€E4 2.07E+400D
600.00 14,32 354,52 I68,85 2.3€E+01
700,00 12.53 382.C4 385,4¢ 2.€2E+00
A00.,00 11.07 409.38 420445 2.REE+DD
900.00 10.63 434,21 bbby, 84 3.0CGE+00

1000.00 9.71 457.70 L7441 3.21E+00
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ABSORBERes s e« OXYGEN

ION...Q....F‘iq RECOILS

ENERGY E SNAE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRCN*¥*GRAM/CCM
0.10 81.96 L.54 BEstQ 1.81E-03
0.15 33.29 5.56 ee.B5 2e34E~023
0.20 102.30 €2 108.72 2.,83E£-03
0.50 130.63 10,15 140.78 5.19E-03
0.70 141.30 12.00 153. 21 6.55E-03
1.00 152.04 14.35 166,238 8,u42E-02
1.50 16262 17.57 180.19 1.13€-02
2.00 169.59 20.29 18¢,.88 1.40E-02
2.00 175. 44 24485 200.29 1.91€=-02
7.00 172.22 37.96 : 210.19 3e8ULUE-D2
10,00 164446 45,37 202,83 5.27€=02
15.00 151.32 55.57 20¢€.¢0 7.E7E=02
20.00 139099 6‘0-17 20‘4.16 1001E“01
30.00 122.28 78.5¢ 200.87 1.50E-01
50.00 97.81 101.46 19¢,27 2.51E-01
70,00 82.58 120.05 202.€3 3.51E-01
100.00 67,91 143.49 211.29 4L.96E-01
150,00 52.66 175.73 228429 7.23E-01
200.00 42,35 202.92 245,27 9.35E-01"
300,00 32.92 248,52 281.44 1.31E+00
400.00 2L.83 286,97 311.81 1.65E+00
500,00 23.54 320.84 344,39 1.S5E+00
600.00 12.96 Ici.47? © 371,43 2,23E400
700,00 18.19 379.€3 397.82 2.48E+00
300,00 16,30 L405.84 422414 2.74E*DQ

300,00 14,68 L30, 46 445,13 2.97E+00




- 83 -
ABSORBER. s e« OXYGEN
ION..OQO...S-32 QECOTLS
ENERGY E SN(E) SE(E) . ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCHM) MICRON*GRAM/CCM
0.10 113,57 L.,04L 118,51 1.32€-03
0.15 129474 6.0% 12,78 1.71€-023
0020 1“3.70 6oqa 15@.6% 2006E'03
0.30 166,03 « 55 174,58 2.E7E-02
0.50 195,03 11.04 20¢€,08 3.72E-03
f.790 215.290 13.07 228.27 LeELE=-DZ
1.00 240,40 15.62 25€.02 5.88E-02
1.50 262437 19,13 281.49 7.74E-02
2.00 279.73 22.09 301.82 9,46€£=-03
2. 00 I02.14 27.05 320,19 1.2€6E-02
7.00 328.06 41.32 376,28 2437E-02
10.00 I4R,90 ‘ 49,29 398,29 3.14E-02
15.00 ILZ2.84 £0.4¢9 L03.33 « 2QE=-02
20,00 335.60 63.85 405,45 5.63E~02
30.00 2if 426 85.54 4L01.c1 8.10E-02
50.00 280476 110. 44 291,19 1.21€£-01
70.00 252,86 130.67 38L.SY 1.83E-01
100,08 218,96 156.18 375.14 2.62E-01
150.00 181.46 101,28 372.75 3.9¢6E£-01
200,00 157.40 220.88 278,27 5.29E-01
300.00 125.32 270.52 385,84 7.88E-01
400,00 104,46 312.37 4L1€.82 1.03E+00
500.00 88,40 349,24 L37.E4 1.27E+4080

600.00 83.26 382.57 465.83 1.49E+00




- 84 -
BSORBERseeas FLUORINE

IONeeooeee s PROTONS

ERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/CCM) MICRCN*GRAM/CCM
0.10 0.379 2.08 2.81 L.8¢ 3020E‘02
0015 0.097 2.15 3.“& 5.59 Los1pE-0?
0.20 00112 2-1q 3.97 6016 5.01E-02
0.30 0.136 2.13 4487 7.00 he53E~02
0.50 0.175 2.00 .28 8,28 ¢,15€=02
0070 00207 1‘86 7.“3 9030 1.1QE’01
1000 0.246 1.69 8.R¢ 10.58 1.44E~01
1.50 0.298 1?7 10.88 12,35 1.8RE-01
2.00 0.340 1,29 12.57 13.8¢ 2.26E-01
3000 0.409 1'06 15,39 16.45 2.925-31
5.00 00508 0081 19087 20068 “oOUE-Ui
7.00 0.530 Ne6€E 23.51 2417 4.88E-01
10,00 0.660 - 0.50 28.10 28.60 E.03€E=-01
15.00 0.749 0.39 33.31 23,70 7Teb4E-01
20,00 0.808 . 0.29 38,07 38.37 9,03E-01
30,00 0.879 0.24 L4, 65 Lu .89 _ 1.,14E+00
50,00 0.944 0.18 53.22 £3.38 1.58E+010
70,00 0.970 .12 57.31 . 57443 1.91E+00
100,00 0.987 0.0R 58.15 584,23 2.42E+00
150,00 0,996 D.,0¢€ 53.€5 53.71 3.31E+00
200,00 D.998 N.04 L8,.31 48,36 4,2QE+0D
300,00 1.000 D04 39,74 29,78 €«S57E+0D
400,00 1.000 0.02 33.81 23.84 C.31E+400
500.00 1.000 - 0.02 33.0¢ 20.11 1.25E401
600,00 1.000 0,02 27.15 27417 1.60E+01
700.80 1.000 0.00 24479 24.79 1.98E+01
800.090 1.000 0.00 22.83 22.83 2.40E+01
900,00 1.000 0.00 21.109 21.1¢ 2.86E+01
000,00 1.000 0,00 18.7¢ 18.79 2.35E+401
1200.,00 1.000 0.00 17.52 17.53 4,4L2E+01
1500,00 1.000 0,00 15.04 15.04 . E.28E+01
700,00 1.000 0.00 13.77 13,77 7.67E+01
P000,00 1.000 0.00 12.2¢ 12,26 %,98E+01
P500.00 1.000 0.00 10.42 10.42 1.44E4+02
8000,00 1.0060 0,00 S.10 9.10 1.96E+02
8500,00 1.000 0.00 8.10 8.10 2.54E402
000,00 1.000 N.00 7.31 7.31 2.19E+02
500,00 1.000 0.00 6.68 6.68 3.91E+402
5000,00 1.000 0.00 he16 6be16 L.69E+02
p500.00 1.000 0,00 5.71 5.71 C.53E+02
r000.00 1.000 0.00 5434 5.34 E.lbE+02

5500.00 1.000 0.00 5.01 5.01 7.40E+02
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ISORBEResees FLUORINE
ION.Q..OO..DEUTERONS
\ERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)/(GRAM/CCM) MICRCN*GRAM/CCM
0010 0.056 3.93 1099 5.92 2.L2E=-02
0.15 0.069 L.07 2.43 6.51 2.22€E=-02
0.20 0.079 L.15 281 6.96 3.,97€-02
0.30 0.097 L,086 3.44 7.50 5¢35£-02
0,50 0.125 3.83 Loltl B.27 7.88E-02
.70 0o147 3.58 526 8.84 1.02E-01
1.00 0.175 3.2€ 6429 9,55 1.35E-01
1.50 0.214 2485 7473 10.55 1.84F-01
2.00 0.2406 251 A,89 11.40 2.30E-01
1.00 0.298 2.07 10,89 12.9¢ JJ12E=01
5.00 0377 1.59 14,06 15.64 4.52E-01
7.00 D37 1.2¢ 164,83 17.92 S.71E-01
10000 00508 ' Uogq 19.88 20.87 7-265”01
15,00 D.596 D77 24,435 25412 G.43E-01
20,00 0.660 - 0.58 28.11 28.70 1.13E4070
30,00 0.749 Dett7 33.25 33.71 _ 1.45E+00
50,00 0.849 0.31 41.79 42.11 1.98E+00
70.00 0.902 0.25 L7431 . L7,5¢ 2eL42E+0D
100,00 0.94L 017 53.22 53.,3¢ 3.,02E+00
150,00 0.974 0,13 57.82 57.95 2.91E+00
200,00 0.987 0.09 58,14 58423 L.76E+0D
300.00 0.986 - 0.07 53.63 53.70 €.55E+00
400,00 0.998 0.36 48,28 48.34 Rs51E+00
500,00 0.999 . 0.05 43,89 43.94 1.07£+01
600.00 1.000 N.04 30,72 39,7¢ 1.,31E+01
700.00 1.000 D.04 KE-PRS 3645 1.57E+01
800,00 1.000 0.00 33,83 33.83 1.86E+01
a00.00 1.000 0.00 31,.85% 31.85 Zel6E+01
000,00 1.000 .00 30.10 20.10 2.48E+401
200,00 1.000 0.00 27.16 27.1¢€ J.18E+401
500,00 1.000 0,00 23. 7€ . 23,76 44378401
700,00 1,000 0.00 21.97 21.97 Se2LE+D1
000.00 1.000 0.00 13.78 19.78 6eH63E+01L

500,00 1.000 0.00 17.04 17.04 S.42E+01




- 86 -

ABSORBERse e s s FLUGRINE

IONoo.oooooALPHA‘PARTICLES

ENERGY E JEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRCN®*GRAM/CCM

0.10 0.040 11.82 2.71 14,53 1.,00€-02
0.15 0.049 12.71 3.31 16.02 1.33E-02
0.20 0.056 13.29 3.83 17.12 1.63E-02
0.50 0.089 14,05 ' 6.05 20,10 J.22€-02
0.70 0.105 13.98 7.16 21.14 Leil8E-D2

- 1,00 0.126 13.49 8.5€ 22,05 5.57€E~02
1.50 0e154 12.55 - 10.48 23.03 7.79E=-02
5.00 0.279 . BJlkb 19.13 27.60 2.16E-01
7.00 0.330 . 7.08 22464 29.72 2.8€E-01
10.00 0.393 5.91 27.0e - 32.97 J.81E-01
15.00 0.478 : 4,68 33.14 37.82 5.23E-01
20.00 0.548 ' 3.82 : 38.27 L2.08 Es4BE~D1
50.00 0.835 Pell 60,51 62.65 1.22E+400
70.00 0.965 1.60 71.%9 73.19 1.52E+00
100.00 1.115 1.23 85,57 RB.7¢ 1.89E+00
150.00 1.294 B.G. 104,80 105.71 2.41E+400
200.00 1.422 0.67 121.01 121.6¢ "2eBEE4QD
300,00 1.593 0.53 148,21 148,73 2«59E+00
400,00 1.701 0.37 163.61 163.98 L.22E+00
500,00 1.773 0435 168,13 168,48 4,82E+00
600,00 1.824 0.29 167,40 167.69 S.42F+00
700.00 1.861 0.2% 165,05 1€5.30 €.02E+00
800,00 1.889 .22 161.59 ©161.81 €E.63E400
900,00 1.910 0.21 _ 157.€¢9 157 .90 7.26E+400
1000.00 1.926 04189 157.11 157.30 7.89E+0D0
1200.00 1.949 D.16 146,00 iu6. 1€ G.20E+00
1500.,00 1.970 0.13 134,85 134.98 1.13E+01
1700, 00 1.978 0,00 127.90 127.90 1.,29E+01
2000.,00 1.986 0.00 118,27 118.27 1.53E+01
2500.00 1.993 0.00 104.89 104.89 1.98E+01
3500.00 1.998 0.00 » B5.71 B5.71 J.04E+01
4000.00 1.999 0.00 78,68 78.68 J.65E+01
5000.00 1,999 0.00 6784 €7.84. 5.02E+01
5500.00 2,000 0.00 653.5¢ £3.56 Se.78E+01
6500.00 2.000 0.00 56.58 56458 7T.46E+01
7000,00 2.000 0.00 53.69 53.69 8.36E+01

7500.00 2.000 0.00 51.11 51.11 9.,32E+401




- 87 -

ABSORBER.sese FLUCRINE

ION........C-iZ RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y /7 {GRAM/CCM) MICRON¥*GRAM/CCM
0.10 47,09 3.84 50sCh 3.02£-03
0.15 53&12 L.71 57.83 3095E‘03
80,20 SR,02 5¢lbls 63445 L,77E£-02
0.30 63.29 E.66 £9,¢5 Be27E=-03
0.50 70.70 8.59 79.29 B,945-03
0.70 The.86 10.17 £5.02 1.14E~02
1.00 79.07 12.15 ¢1,22 1.48E-02
1.50 81.98 14,88 96,87 2.01E=02
2.00 83,91 17.19 101.10 2+.51E-02
3.00 82436 21.05 103,41 3.49E-02
5.00 78.36 274.1R 105.E3 5.40E-02
7.00 73.48 32.15 105. 64 7«20E-02
10.00 67.19 _ 28,43 105.82 1.01E-01
15.00 50,12 L7.,067 106.19 1.4CE-01
20.00 52426 54,35 10€.,¢1 1.96€6-01
30.00 £3.26 66.57 10¢,82 2+8RE-01
50'00 23.05 55-9“ 118,.,¢€q L.63E=-01
70.00 27.20 101.68 128,88 be2LE~01
100.00 21.00 ' 121.53 142.54 8.4€6E-01
150.00 16.50 148.85 165,34 1.17€£+400
200.00 12.48 171.87 184436 1.46E+400
300,00 10.00 210,50 220450 1.95£+00
400.00 R,12 243.07 251.19 2+37E+400
500,00 6.67 271.76 278443 2.75E+00
600.00 6.03 297.69 202.72 3.09E+00
700,00 5.27 321.55% 32¢.82 J.41E+00
800.00 Le61 I43.75 348.2¢ 3.71E+00
300.00 4,06 364,E0 368466 3.99E+00
1000.00 2.60 384.32 387.¢2 Le25E+00
1200.00 254 421.00 424,55 4e74E+DO

1500.00 2.82 470.70 473.%1 S41E+00




- 88 -

ABSORBER. e+« FLUCRINE

IONooooooooN'iq RECOILS

ENERGY E SN (E) SEA(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) / (CRAM/CCM) MICRCN*GRAM/CCM
0.10 54,50 3.98 C8.48 2.€65E~02
0.15 61,49 L.87 66,26 JelyE-03
0.20 67462 5.€2 72.04 L.16E-02
0.30 A TEL 6.89 81.22 5.44E-03
0.50 83.99 8,89 02.88 7.73E-012
0,70 8c,88 10.52 100,40 S,79E~03
1.00 95.32 12.57 107,.8¢ 1.27E-07
1,50 99,73 15,40 115,13 1.71E-02
2.00 102.96 17.78 120.74 2.14E-02
3,00 103.23 21.7¢8 125,00 2.94E-D2
5.00 100,82 28412 128.94 L.51E=-02
7.00 96,24 33.27 12¢.50 6.05E-02
10.00 89.42 39,7¢ 129.18 8.27E-02
15,00 80440 48,70 129.10 1.23E-01
20.00 72450 56423 128,73 1.61E-01
30,00 ' 61433 €8.87 130.20 2+3CE-01
50,00 L7.32 88,91 136,23 3CHE-01
70.“0 39027 105.20 1““.“7 5,33E-01
100.00 31.41 125.73 157.15 7.32£-01
150.00 25,04 153.99 179.03 1.03€E+00
20¢.00 19,73 177.82 187.65 1.20E+00
300,00 15.38 217.78 233.186 1.76E400
400,00 11.96 251.47 263443 2.17E+00
500,00 10.29 281.15 291 .44 2.53E+00
600.08 8.79 307.9¢a 316,74 2.85€£+40C -
700.00 T.63 332.E¢ 340,29 3+16E+400
800.00 Te2l 355.€3 362.87 3.44E+QDQ
900,00 6.51 377.20 383,72 3.71E+400
1000.00 5.87 337.61 LOZL 47 3.97€400

1200,00 L,R0 L35,.56 L4y0. 36 La44E+0D




- 89 -
ABSORRER .4 es o FLUORINE

ION........O‘16 QECOILS

ENERGY E SNAE) SE(E) ST{E) PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRCN¥GRAM/CCM
0.10 61459 L.0#8 £5.¢8 2.,38E-012
0.15 62,90 5.00 74,690 3.0CE-02
0.20 75.93 5.77 81.70 3.73E-23
0,30 864204 7.07 93,31 L.B87E~03
0.50 Q5,78 9.13 105.¢1 b.R7E=-D2
0.70 104,01 10.80 114,82 8.68E-02
5.00 122.85 2R, 87 152.72 3J.RCE~-D2
7.00 119.05 34,16 154,11 5.18E£-02
10.00 112,97 40.83 163,71 7.14E-02
20.00 94 4,59 57.7% 152424 1.27E-01
20.00 A0, 48 7073 11,21 2.03F=-01
50.00 62.10 91,31 154,41 3,34E=-01
70.00 53.27 10800“ 161o30 “0615'01
100.00 432,39 129,13 172,52 6. 40E~01
160,00 32.83 158.15 160.c8 9.16E£-01
200,00 28455 182.61 211.1¢ 1.1€E400
200.00 19,71 223.€5 243,27 1.60E+400
400.00 17.44 258.25 275.€9 1.CCE+00
500,00 14,29 288474 303.02 2.34E+00
600,00 12.72 316,30 32¢,01 2.65E400
700,00 11.17 341,84 352.81 2.95E+00
800,00 9.990 3€5.23 375.12 3.22E+00
300,00 .88 387.38 3C6.26 J.4B8E+00

1000.00 8.65 408,34 Lie.G9 3.73E+00




- 90 -
ABSORBER. e e FLUCRINE

ION;....-..F'ig QECOILS

} ENERGY E SNAE) SE(E) SY(E) PATHELENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRON®*GRAM/CCM

0.10 68.98 L.0h 72404 2.14E-03
0.20 86.25 5.74 ©1.€¢8 3.34E-03
0.30 97.29 7.03 104,22 Le36E~-03
0.50 110.43 Q.07 119.€1 6«13E-03
0.70 120.15 10.74 130.8¢ T.72E-«03
1.00 129.14 12.82 141.97 9.92E-03
1.50 138,14 15.71 152,886 1.33E-02
7,00 148,52 33.95 182446 Loe4B8E-02
10.00 142.08 40.57 182.€5 6.12E=-02
15,00 130,98 439,60 18C,.€7 8.88E-02
20.00 121.“q 57038 178087 1.175'01
30,00 10€.66 70.28 17694 1.73E-01
50,00 85.21 90.73 17€.53 2.8¢E-01
100.00 59,40 128,31 187,70 5.63E-01
150,00 LE,59 157.14 203.73 8.18E-01
200400 37.59 181.45 21¢. 04 1.05E+00
300.00 29.44 222.24 251.€7 1.48E+00
400.00 2224 25€.£2 278, 8¢ 1.8€E+00
500.00 20499 2868.91 307,889 2.20E+00
600.00 17.85 314.29 222.12 2.51E400
700400 15,52 339,47 354,€9 2.80E+090
00,00 14,52 362.91 377443 3.07E£+400

900.00 13.11 384.92 358,03 3.33E+00




- 91 -
ABSORBER e es s FLUORINE

IONooococooS‘32 RECOILS

ENERGY E SNCE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) Z/{LRAM/CCHM) MICRONFGRAM/CCM
0.10 ag,89 L,4uv 102.35 1.51E-03
0.15 112.‘?6 5.‘47 1180‘03 1-065"03
0,30 144,86 77k 152.29 3.07E-02
0.50 170.00 9.99 179.98 4,27E-03
0.70 187.57 1.82 188,39 5.32E=023
1.00 20%.63 14.12 2223. 80 6o 7THE-DZ
1. 50 229,01 17.30 2LEL 21 8,86E-03
2.00 244,436 13.97 264,22 1.08E-02
3.00 265,04 2L b 28¢C,%0 1.44E-02
5.00 287 .30 11,58 318,87 2.10€E-02
7.00 296,01 37.36 233.28 2.71E-02
10.00 305,19 Lk,86 250.54 3,58€E-072
15,00 301.41 54.70 355, 81 S.00E-02
20,00 295,20 £3,1¢ 358,28 B.40E-02
20.00 270,82 77.35 ‘356,17 9.1%E-02
50.00 247,97 99,86 347.83 1.4CE-01
70.00 22k o611 118.1€ Iu2.76 2.07E-01
150.010 161,22 172.96 334.18 L.4SE-D1
200,00 136,80 189,72 319,52 5.C4E~01
300.00 111.48 244,60 35€.09 8.828-01
400.00 03,11 282. 44 375.5¢ 1.16E+400
500.00 78,93 315.78 384,71 1.42E+070

600,00 TL,25 345,02 L2G.17 1.6€6E+400




- 92 -

BSORBERssee s SILICCN

ION.......OPQOTONS

NERGY E IEFF SN(ED SE(E) ST (E) PATHLENGTH
KEV {KEV/MICRON)Y /7 (GRAM/CCM) MICRON*GRAM/CCM
0.19 00079 1.23 2005 3028 SQOBE'QZ
0.15 0.097 1.31 2.51 3.82 E.UE-D2
0020 0.112 1.3“ 2.89 “'2“ 7.68E’0?
0.30 0.136 1,40 3.54 4,94 9.88E~02
0.50 0.175 1.37 4,58 5.94 1.35€E=-01
0.70 0.207 1.33 Set1 6Tl 1.67E-01
10&0 0.2“6 1.25 6.“7 7.72 2008E‘01
1.50 0.298 1.13 7.92 9.0¢ 2.6RE-01
2,00 0.340 1.04 9.15 10.19 1.20E~-01
3.00 t.409 0.89 11.21 12.09 L.10E-01
5.00 0.508 0.69 14,47 165,1¢€ 5.5EE=01
7.00 0.580 3.59 17.12 17.70 E.78E=-01
10.00 D.660 ' .48 20. U6 20494 B,33E~-(1
15.00 04749 .3€ 25.0¢ 25,42 1.05E+00
20,00 g.898 - 031 28.92 29.25 1.23E+80
30.00 0.879 9.22 34.52 34,74 A 1.,55E+00
50.00 C.944 0.16 L2.27 L2.42 2.06E+00
70.00 0.970 .12 45.47 45,59 2.51E+00
100.00 C.387 0.0¢ 44,01 Ll 10 J.17E400
150.00 0.996 N.06 39,39 39.45 4,38F+00
200.00 0.998 D.06 36424 36430 5.70£+00
200.00 1.000 0.03 32.22 32.26 8.66E+00
400.00 1.000 .03 29,31 29.34 1.19€401
500,00 1.000 - 0.02 26,6E 26.68 1.556+401
600,00 1.000 0.02 2hol0 2l 4?2 1.84E+01
700.00 1,000 3.02 22.49 22451 2.37F+01
800,00 1.080 0.02 20,88 20.90 2.83E+01
900,00 1.000 0.01 19,50 19.51 2.32F+01
1000.00 1.000 0.01 18.31 18.32 1.85E+01
1200.00 1.000 0.00 16, 3¢ 16.36 5.01E+01
1500.00 1.000 0.00 14,16 14.1¢ .€Ee«99E+01
1700.,00 1.000 80.00 13,02 13.02 B.UBE+D1
2000.00 1,000 0.00 11.€5 11.65 1.0C£+02
2500.00 1.000 0.00 9, ¢¢ 9.96 1.56E+02
3000, 00 1.000 0.00 Be74 BeTh 2.09E+02
350000 1.000 0.00 7.81 7.81 2.70E+02
4000.00 1.000 0.00 7.07 7.07 3.37E+402
500,00 1.000 0,00 Bels7 Bek? Le11E+D2
5000.00 1.000 0.00 5,98 5.98 4.92E+02
5500400 1.000 0.00 5.5¢ 5.56 5.79E+02
6008.00 1.000 0,00 5.20 5.20 E.72E402

6500.00 1.000 0.00 L.89 4.89 7.71E+02




ABSORBER.ees e SILICCN

IONeeoeses s DEUTERONS

ENERGY E 7EFF SN{E) | SE(E) ST(E) PATHLENGTH

KEV (KEV/MICRON) 7 (GRAM/CCM) MICRON¥GRAM/CCM

0.10 0.056 2.37 1.45 3.81 3.97E~-02

| 0.15 0.069 2.52 1.77 Le29 5.20E-902
| 0420 0.079 2.59 2.05 4.63 £.,32E-02
| 0.50 0.125 2.65 ' 324 5.89 1.,198-01
0.70 0e147 2457 3.83 6e40 1.526-01
-1.00 0.175 2.43 4e58 7.00 1.97£-01
1.50 0.214 2421 5.61 7.81 2e64E~01

2,00 0.246 2.04 Bol?7 8.51 21,25€E-01

3.00 0.298 1.74 7.93 9.67 be35€-01
7400 04437 ‘ 1.15 12.11 13.2¢ 7T+84E=-01
10.00 0.508 0.94 14,47 - 15.461 %.,94E=-01
15.00 0.596 .71 17.73 18,44 1.29€£+900
20,00 0.6060 ' 0.62 2047 21.09 1.54E+00
30.00 0.7498 Bets3 25.07 25450 1.97E+030
70,00 0.902 Be24 36.91 37.15 2.24E+00
100.00 0.944 8.19 L2.25 L2 404 3.9CE+00
150,00 0.974 0.1. 45,58 45,71 5.11£+400
200,00 0.987 .11 43,98 44,09 £.22E400
300.00 0.996 0.07 39,37 39,44 8.63E+00
L00.00 0,998 0.086 36.22 36429 1.13E+01
500,00 0.999 0.05 33.42 23.47 1.,41E+401
600,00 1.000 D.04 32.21 22.25 1.726+401
700,00 1.000 6.04 30.74 30.78 2.04E+401
800,00 1.000 0.03 29.30 268433 2+37E401
900.00 1.000 0,03 _ 27.92 27 .95 2e72E+01
1000.00 1.000 0,03 26.84 26.67 2.08E+401
1200.,900 1.000 0.02 24,438 24.41 3.87E+01
1500, 00 1.000 0.00 21.66 21.66 S.18E+01
1700.00 1.000 0.00 20.17 20.17 6413401
2000.00 1.000 0,00 18.31 18.31 7.70E+01

2500.00 1.000 0.00 15.93 15.93 1.06E+02



ABSORBEReee s SILICON

IONsoeseees ALPHA-PARTIGLES

| .
}ENERGY E ZEFF SN{E) SE(E) ST(E) PATHLENGTH

KEV (KEV/MICRON) Z7{(GRAM/CTM) MICRCN¥GRAM/CCM
0.10 0.080 7.16 2.04 9,19 1.65E-02
0.15 0.049 7.85 2.49 10.34 2+1RE=-Q2
0020 00056 8030 2.88 11.18 2062E'02
0.30 0.069 8.87 3453 12.40 JJ47E-02
0.50 0.089 9-37 “055 13.92 “098E°0?
0.70 0.105 9.65 53¢ 15,04 E.30E=-02

1,00 0.126 9.50 6ol 15.94 8.30E-02
1.50 0.154 9,23 7.88 17.11 1.13E-01
2.00 0.177 .84 9.10 17.95 1.42E~-01
3.00 0.217 R.11 11.15 19.26 1.95E-01
5.00 0.279 6.99 1463¢ 21.39 2+94E-01
7.00 0.330 6.08 17.03 23.11 2.83E-01

10,00 0.393 5.18 20436 : 2554 5.07E=-01

15.00 0.478 L.21 24,93 29.14 6oq0E'Ul

20,00 D.548 3.59 28.79 32.348 R.52E=-01

30,00 0.663 2476 35,28 28.02 1.14E+400

50.00 0.835 2.02 45,52 L7.54 1.60E+00

70.00 0.965 1.47 53.86 55.33 1.99E+090

100,00 1.115% 1.22 bLh.38 €5.60 2.48E+00
150,00 1.294 0.9. 78,84 719.74 2.18F¢00
200,00 1.422 0.69 91.04 91,73 3.76E+010
300.00 1.593 0.51 111.50 112,01 L 74E400
400,00 1.701 0.37 126.€61 126.98 S.57E+00
500,00 1.773 0.35 132.¢64 132.99 €.34E+0D
600,00 1.824 0.28 v 134,71 135,00 7.08E+00
700.00 1.861 0.23 134,727 135,00 7.82E+00
800,00 1.889 D.20 133.81 134,01 R.57E+00
300,00 1.910 B.22 131.79 132.01 C,328+00
1900,00 1.926 0.20 129,82 130,01 1.01E+01
1200.,00 1.949 0.186 124, 8€ 125.02 1.17E+01
1500.,00 1.970 0.14 117,38 117.52 1.41E401
1700.00 1.978 N.12 112.40 112.53 1.50€+01
2000.00 1.986 0.11 104,93 105.03 1.,86E+01
2500, 00 1,992 0,09 94,49 A, .58 2+36E+01
3000.00 1.996 0.00 85,99 85,99 2.92E+01
3500.,00 1.998 0.00 78,85 78.85 3.53E+01
4000,00 1.999 0.00 72.88 72.86 4o,1GE+01
4500.00 1.999 0.00 67.79 67479 Lho90E+01
5000.,00 1.999 0.00 h3e43 83.43 . 5.6€E+01
5500.00 2.000 f0.00 59,65 §9.85 E.48E+01
6000.00 2.000 ' 0.00 56034 5634 7.34E+01
6500,00 2.000 0,00 5342 53442 B«25E+01
7000.,00 2.000 0.00 50.81 50.81 9.21E+01
7500. 00 2.000 0.00 48,48 L84S 1.02E+02




ENERGY E
KEV

0.10
.15
0.20
0.30
0.50
0.70

1.00
1.50
2.00
3.00
5.00
7.00

10.00
15.00
20,00
30,00
50.00
70.00

100.00
150.080
200.00
300.00
400,00
500.00
600.00
700.00
800,00
300.019

1000.00
1200.00
1500.00

ABSORPER s ee« SILICON

ION........F-iZ RECOILS

SN(E)

SE(£)

SY(EY

(KEV/MICRGON) /(GRAM/CCM)

31.05
35428
38.28
G341
“8.59
52413

55.59
59.09
60447
62,07
61.20
59,01

55435
50.05
45,98
3R, R8
30,32
25.57

20.77
15.59
13.54
9,25
8.24
6.73
6.03
5.27
Le.66
Lob?7

4,09
2442
2467

2.10
3.79
4,28
5.37
6.23
B.20

9.890
12.00
13.86
16.97
21,91
25.92

30.08
37.95
43.82
53.66
69,28
Al.97

g7.28
129.00
138.586
169.790
195,.,9¢&
218.09
240.00
259,23

277.12
292,92

309.83
339.41
37947

b1t
2C. 04
L2.FT7
LEe.77
Eta52
€032

65429
71.0°
74,23
7T9.€4
83.10
84,23

BE.23
88,430
89,80
az.t55
SC.ED
107.55

118475
13€,€9
152.10
178.€5
204,20
225482
24E.02
26ulB0
281.78
298 .41

313%.¢2
342.82
382413

PATHLENGTH

MICRON*GRAM/CCM

4L.59E-03
SOQGE-UB
7.18E‘G!
9.3EE-023
1.32E=-02
1.,67E-02

2+14E-02
2537E'02
3.56E-02
Lk.8RE=-]2
74328=02
90705‘02

1.322€-01
1.89E-01
2.40E-01
3.550-01
5.630-01
7.5€6E-01

1.02E+00
1.41E+00
1.76E400
2.37E+00
2.89E+00
J.35E+00
3.78E+00
L.17€E+080
4453E+00
L,BRE+QD

5.21E+00
5.R82E+400
B+E4LE+DD



ABSORBERaese« SILICCN

ION.....O.QN'i“ RECOILS

ENERGY € SNAE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRONY/(GRAM/CCM) , MICRON¥GRAM/CCM

0.10 36067 3.24 39.91 3.93E-03
0.15 b1.73 3.97 4%.,70 5.10E-03
0.20 “5.76 4.58 50.35 601“E'03
0.30 51.62 5.61 57.23 8.,00E-02
0.50 S8,42 7.25 ES.E7 1.12E-02
0.70 63.18 8.57 71.76 1.41E-02
1400 67.97 10.25 78,22 1.81€-02
1.50 72.89 12.5% 85.25 2.U2F=02
2.00 75.80 14.49 GC.2¢ 2.9CE~-02
3.00 78.40 17.75 96.15 Le.07E=-02
5.00 78.37 22.92 101,29 6.08€=-02
7.00 764990 27.11 : 104,02 B8.02E~-02
10-00 730“1 J2.41 105.81‘ 1.095-01
15.00 67.52 39.69 107.21 1.56€-01
20,00 62.45 45.83 108.28 2.02E-01
30.00 ’ 54,52 56.13 110,.,€5 2.93€-01
50.00 43,59 7247 116005 4.,70E-01
70.00 36080 85.74 122.54 6.38E-01
100.00 30625 102.48 132.74 8.74E-01
150,00 23.45 125.51 148,96 1.23E+00
200,00 1R.85 146,23 163,78 1.55E+00
300.00 14,64 177.50 192.15 2.11E+00
400.00 11.05 204.96 21€,01 2.E0E+00
500.00 10,48 229.16 220,63 J.04E+CQQ
600.00 8.88 251.03 259,¢1 3«44E+D0
700,00 8,10 271.14 279.24 3.81E+00
800,00 7.25 289.86 287.12 - L.18E+0D
900,00 6453 307.45 313,67 4LJUBE+DD
1000.00 5.92 324.08 330.00 L.79E+00

1200.00 5.38 355.01 380,439 S.37E+080



- 97 -
ABSORAER.eeee SILICCN

ION.-.-o...O-lﬁ RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRON)/(GRAM/CCM) MICRON*GRAM/CCM

0,10 86,92 3.26 90,28 1.,73€-03
0.15 100.00 4,12 104,12 2.24E=~]2
0.20 109.29 Le75 114,00 2.70E=-03
0030 123-30 5.82 129012 3.52E-03
0.50 143,97 7.51 151,49 Lo QUE-]Z
0.70 154,02 8.89 162.92 6.22€E-02
1.00 166 .44 10.63 177.06 7.98E-03
2.00 187.55 15.03 202.57 1.22£-02
7.00 198,75 28412 226,86 3.5C0E-D2
10,00 192 .47 _ 33.60 226,07 4.91E=-02
15.00 179,62 4i.16 220.78 7.15€E=-02
20.00 167,92 47.52 215,45 9.44E-02
30,00 143,54 58.20 207. 74 1.42F-01
50.00 120.50 75.14 1¢5.€4 2.41E-01
70.00 102.78 88.21 191,.€¢ _ 3.44E-01
100.00 85,80 - 106.27 162.086 5.01E-01
150.00 67.82 130.15 197,67 7.58E-01
200,00 55.83 150.28 206,11 1.01€+400
300.00 L4,32 184,06 228, 24 1.47E400
400,00 Jhe1ls 212453 2LE.67 1.89E+400
500.00 27.45 237.62 2€5,07 2.28E+00
600.00 27.01 260,30 287,131 2.64E+00
700.00 22.51 281.15 30u.€7 2.98E+00
800.00 20.83 300.57 321440 3.30E£+00
300,00 19,74 318.80 338.53 3.60E+00

1000.00 18.05 336.04 354,09 3.89E+00
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ABSORBERssee e SILICCN

ION........F‘iq RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MIGRON)Y /7 {GRAM/CCHM) MICRON*GRAM/CCM
0.10 87477 3.37 91,14 1.71E-03
0.15 101.25 4,12 105,38 2.22£-03
0.20 110.98 4,76 115,75 2.67E-073
0.30 126433 5,83 132,16 3+4AE-03
0.50 147,22 7453 184,75 L,87E£-03
0070 158,34 8,91 167.25 6.11E‘03
“1.00 172,13 10.65 183.78 7.B81E=-03
1.50 187.46 13.04 200.50 1.04E-02
2.00 186,72 15.06 211,78 1.28E-D2
3.00 208,94 18,45 227,29 1.74E=-02
5.00 213,01 23.81 241,83 2.5GE-02
7.00 215,94 28,18 24h,12 Je41E=-02
10.00 213.30 33.¢68 2u€e.C8 - Le€3E-02
15.00 201,89 41,25 24310 6.A7E~02
20,00 190.79 47 .63 238,42 8.75€-02
30.00 171,59 58,23 229.¢2 1.30£-01
50.00 142.10 75,31 218.41 2.1C¢E-01
70.00 123,94 89,11 212,04 3.12E-01
100,00 101.98 106.50 208,48 4.55€£-01
150.00 82.95 130,44 213,39 £.92E-01
200.00 62,66 150,62 22028 9.23E=01
300.00 51.82 184,47 23€.08 1.38E+400
400.00 L ,57 213.00 257.58 1.76E+0Q
500,00 36412 238.15 274,27 2.14E+409
600,00 30,21 260,88 291,08 2.4GE+00
700,00 30441 281.78 312.19 2.82E+400
800.00 27.05 301.23 328,29 3.14E+00

300.00 24429 319.51 343.79 3.43E+00




- 99 -
ARSNRAER s ees SILICON
ION.Q......S-SZ QECOILS
ENERGY E SN (E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRON*GRAM/CCM
0.10 89,863 2.87 ¢2,50 1.8RE-03
0,15 104,27 L,74 109,00 2.17€-02
.20 114,10 5.47 119,57 2.615-03
0.30 121,91 6.70 138,¢t1 3428E-02
0.50 156458 Ba65 1£5,22 L 69E=03
0.70 174437 10.23 184,€0 5.83E=023
1,00 193,66 12.23 20%. 88 ' 7.27E-03
1.50 218,77 14 .97 222,74 GLELE~-DT
2.00 231.18 17.29 248447 1.172-02
3.00 252,04 21.18 27422 1.55E=-07
5.00 277.28 27.34 I0L.E2 2.24E=-0?
7.00 291.81 32.35 324415 2.88E-02
10.00 300.85 28.66 230,51 3.78E-02
20.00 J03.48 54.68 258,16 6.£2E-02
30.00 29s%,77 £6.97 2e0.74 S,1GE~-02
50.00 268,29 86,46 354L, 70 1.50FK=-01
70.00 24€,.,13 102.30 8,43 2,07E-01
100.00 220428 122.27 42455 2.63E-01
150.00 184,71 149,75 3L, 45 L.uiE-01
200.00 162.01 172.91 334493 5.90E-01
300.00 131 .66 211.77 342,43 8.8eE-01
400.00 111.99 244,54 25€.53 1.17E+040
500.00 97.69 273.40 371.09 1.45E+400
6030.00 85,85 299,49 385,34 1.71E+400




- 100 -

BSORBER ¢« e e e PHOSPHORUS
IONsesaesesPROTONS
NERGY E 7EFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7/ (GRAM/CCM) MICRON*GRAM/CCM
.10 0.079 38.69 1.87 LD.56 243CGE-03
0.30 0.136 by,22 3.25 47 47 7.86E-03
g.70 0,207 42,63 L,9¢ 47,59 1.62E=-02
1.00 D.246 40,39 5423 bh 32 2.26E-02
1.50 0.298 36.89 7.2€ bbh,15 2,37E-02
2.00 0.340 3kelb 8,38 L2.54 L.52E-02
3.00 0.%09 29,32 10.2¢ 19,59 €«.86E~02
5.00 pD.508 23.18 13.25 36443 1,236-01
7.00 0.580 19,58 15.68 35.25 1.73%€E~-01
10.00 0.660 16,01 18,74 34,75 2.65E-01
15. 00 0.740 12.25 22.95 35.20 4L.,08F=-01
20,00 0.808 10.64 2?6450 37.14 S.47E-01
30,00 0.879 T8 32.46 19,94 8.,07£-01
50,00 D.9uU4 5.29 40.07 45,.4¢€ 1.27E+00
70.00 0.970 4.20 42,01 4h.21 1.70€E+00
100,00 0.987 3.0°¢ 41.51 44,5¢ 2436E+00
150,00 04996 2¢19 78.90 41.0¢ 2.52£400
200,00 0.998 1.91 25.30 27.21 4.81E+00
300.00 1.000 1.22 20.68 21.90 7.73E+400
400,09 1.000 1,37 26.83 27 .90 1.11F+01
500,00 1.000 0.85 24.12 244,97 1.48E+401
600.00 1.000 0.71 224,22 22.93 1.91E£+401
700,00 1.000 D65 20.54 21.1¢ 2.36E+01
800.00 1.000 .58 19,13 19.71 2.85€+01
900,00 1.000 0.51 17.92 18.43 3.38F+401
1000.08 1.080 0.4b 16.8¢ 17.32 2.94E+01
1200.00 1.000 RS 15.09 15,50 5.16E+01
1500.00 1.000 0.00 13,44 13,44 7.25E+01
1700, 00 1.000 0.00 12,37 12.37 8.80E+01
2000.00 1.000 0.00 11,08 11.08 1.14E+02
2500,00 1,000 0.00 9,49 9,49 1.63E+02
3000.,00 1.000 0.00 Bo33 Be33 2.18E402
3500.00 1.000 0.00 7445 7 el5 2.83E+02
4000,00 1.000 0.00 6475 Be75 2.53E+02
5000.00 1.000 0.00 5.71 5.71 S5.15E+02
6000.00 1.000 0.00 T 4497 Le97 7.03E+02
6500400 1,000 0.00 L.68 L.68 R.07E+D02
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ABSORBER .+ e« PHOSPHCORUS

ION. L BB .GEUTERONS

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /{(GRAM/CCM) MICRON®*GRAM/CCM
0.10 0.056 LB.16 1.33 L. 48 2.77E-03
0.15 0.069 51.490 1.82 53.03 2,75F-03
0.20 0.079 52.8¢ 1.87 54474 L 67E~03
0.30 t.087 55.22 2430 57.51 6 45E-02
0.50 0.125 54483 ' 2.9€ 57.79 9,90E~03
0070 001“7 6305“ 3051 5?.05 1.3QE-02
1.50 0.214 Lb.5€ 5.13 51.69 2+81E~-07
2,00 0.246 L3.,18 5.93 49,11 2.81E-02
3,00 0.298 37420 7.26 L. 46 5.95E~02
5.00 0377 29.52 3.37 28.89 1.08E-01
7.00 0.437 ‘ 24493 11.0¢9 36,02 1.62E-01
10.00 0.508 2042 13.2¢ - 33.68 2.48E-01
15.00 0.596 © 15.69 i6.24 31.92 LoO01E-01
20,00 0.660 ' 13.61 18.75 32.3¢ £.5%E~01
30,00 0.749 9.66 22.9¢€ 32.62 83.68E-01
50,00 0.849 6.94 29.64 36.58 1.45E400
70,00 0.902 5.39 35,07 40.47 1.97E+00
100,00 0.944 2.9? 41.54 L5448 2.66E400
150,00 0.974 28 . 43,29 Le. 1l 2.7L4E+DD
200,090 0.987 2446 42,09 Lt 55 4,84E400
300.00 0.936 1.59 39.49 41.08 7.17E+00
400,00 0.998 1.38 25.82 37,20 9,73E4+00
500.00 0.999 1.11 32.9¢ 34,09 1.25E+01
600,00 1.000 0.91 30.98 21.89 1.56f+01
700.80 1.000 NeBlL 28.R€E 29.70 1.88E+01
800.00 1.000 Na74 27.15 T 27.88 2.23F+01
900.00 1.000 0.66 25. 44 26410 2.60E+01
1000.00 1.000 0.60 2Le37 2L .98 3.00E+01
1200.00 1.000 .52 22.41 22.92 2.83€+01
1500.,00 1.000 0.00 20,41 20.41 5.22E+01
1700,00 1.000 0.00 19,04 19.04 € 24E+DL
2000.00 1.000 0.00 17.32 17.32 7.89E+401

2500.00 1.000 0.00 15.10 15.10 1.10€+02



- 102 -

BSORBER e e« s PHOSPHORUS

ION........BLPHA-PARTICLES

kERGY E ZEFF SN(E) SE(E) STL(E) PATHLENGTH
KEV (KEV/MICRON) /{GRAM/CTM) MICRON*GRAM/CCM
0.10 0.040 45,19 1.87 47.0€ 2,09F=-03
0.15 0.0u409 49,70 2.2¢ 51.9¢ L,09E-03
0.20 0.056 52.79 2.€5 55444 5S.02E=-03
0,30 0.069 564l 3.24 59,68 E.76E=03
0.50 0.089 59,81 .19 FL,00 Q,97F=03
0.70 0.1905 61.84 4,9 €6.78 1.30E-02
1.00 0.126 61.22 5,92 67.14 1.75€=-02
1.50 .154 539,86 7.25 67412 2.49E=-02
2.00 0.177 57.76 R.38 66413 1,24E-02
5.00 0.279 46.23 12,25 EQ,47 8.05E-02
7.00 0.320 40,48 15.67 5615 1.15F=-01
10.00 0.393 I4.68 18,73 53.42 1.,70E=-01
15.00 D.478 28.24 22.94 51,18 2.67E-01
20.00 0.548 - 23.99 26,49 50,48 1,.65E-01
20.00 0.663 18.78 32,44 51.22 _ 5.62E~01
50,00 0.835 13.83 41,89 55,72 C,39F-01
70.00 0965 10.18 49,5¢ 69,75 1.29E+00
100,00 1.115 Balsly 59,24 67.67 1.76E+00
150,00 1.294 Gelb 72455 78.71 2.64E+QD
200.00 1,22 L.78 R3.77 38455 3.04E+00
300.00 1.593 3.52 102.60 106.12 4,07€E+00
400.00 1,701 2.56 116,42 118,98 4.95F+00
500.00 1.773 . 2elsty 121.5% 123.99 C.77E+00
600.00 1.824 2.00 123,10 125,10 E.S7TE+00
700,00 1.861 1.65 123,45 125,10 737E+00
800.00 1.889 1.39 123,42 124.81 R.,17E+00
900.00 1.910 1.51 121.51 123.01 8.98F+00
1000.00 1.92¢ 1.3¢ 118,85 120.22 C,80€F+00
1200.00 1.949 1.132 114,329 116.52 1.15F+01
1500.00 1.97¢ 0.96 107.€3 108.59 1.L2E+01
1700.,00 1,978 0.86 103,22  104.08 1.61E+01
2000.00 1.984 0.73 87,40 Q8,13 1.90F+01
25008.00 1,992 0.80 88,20 88.89 2 UE+OL
3000.00 1.996 0.00 81,04 81.04 2,03F+01
3500.00 1.99a 0,00 7Lkt TUobE 3.67F4+01
4000.00 1.999 0.00 68.91 63.91 4,37€6+01
4500.,00 1,999 0.00 H4,18 EL.18 5.12E+01
5000400 1,999 0.00 60,12 60.12 5.93E+401
5500.00 2.000 0.G0 56.58 56.58 6.79E+01
6000,00 2.000 .00 53,48 53.48 7.6GE+01
6500.00 2.000 0,00 50,74 507U R EEF+01
7000.00 2.000 0.00 48,29 48,29 9.67F+01

7500.00 2.000 0.00 465.09 46,09 1.07E+02




RBSORBERG ¢ e s s PHOSPHORUS

IONocooocn-C°12 RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /{GRAM/CCM) MICRON®*GRAM/CCM
G.10 36437 2.88 3G.25 3.99E£-03
0.15 QloZ? 3053 44,80 5017E‘03
0,20 L ,83 4.07 48,50 Be2LE~0NT
0030 '50092 4,99 55091 8-14E“03
0.50 57.14 6.44 63.58 1.15€-02
0.70 61.41 7.62 £8.03 1.45E-02
1.00 55465 9.11 74,75 1.87£~-02
1.50 6S9.87 11.15 f1.03 2.51E-02
2.00 71.61 12.88 84,49 3.11F=-02
3.00 Thaib 15.77 20.23 L.25E-02
5«00 73.11 20.36 QX 4R Belt43E~-02
7.00 70081 ZQ.GQ . 9“.90 .555-82
10,00 6669 28.80 05,49 . 1.17e-01
15000 60.56 35027 QS.HS 1069E'01
20,00 G5,R3 40,72 Q6.56 2.21E-01
30,00 L7453 49,88 G742R 3.24E-01
50,00 27 .24 6L bl 101.€4 5.256£=01
70.00 3l.44 7€.10 107.€3 7.17£-01
100,00 25461 Q1.67 11€.€8 9.’4E=-01
150.00 19,37 111.54 130.¢1 1.38E+400
200.00 16,85 128.79 145. €4 1.765E+00
300.00 11.63 157.74 160,27 2.3QE400
400.00 10.729 182.14 122443 2.C4€E+00
500.00 A,43 203.64 212,07 3.43F+09
500.00 7.51 223,07 230.58 3.RCE+00
700.00 €.59 240.95 24T7.%4 L,20E+30
800,00 S84 257.58 2e3 42 L.ECE+DD
900.00 5¢24 273.21 278445 5.0EE400
1000.00 5.11 287.98 293,08 5.41E+00
1200.00 4,31 315,47 219,78 6.07€+00

1500.00 2.39 352.71 35€.09 6.95E+00




- 104 -

ABSNRBER, s s o PHOSPHCRUS

IOK.......-N-ih RECOILS

ENERGY E SNAE) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y /7 {GRAM/GCM) MICRCN¥GRAM/CMTM
0.10 46,19 3.02 47,20 3.31E-023
0.15 50,38 3.70 S5L,07 L.2QE-02
2,20 55.24 4,27 50,51 5.17E€-03
0.30 62432 5.23 B7.54 6.75E=072
D050 70.73 6075 77.“8 Q.QEE-OB
0.70 7¢€.95 7.98 BL.CY 1019E-02
1.00 270 9.%4 C2.24 1.53E-02
1.50 8R.LH 11.£9 106415 2.05€-02
2000 9?:37 13-“q 105-86 ZOS“E-OZ
2.00 e5.70 16.523 112,23 3.45E=-02
S5.00 9f .18 2133 117.52 5.18£-02
7.00 95.38 25.24 12022 6.86E-02
10.00 90 .94 30.17 121.122 9.,34E-02
15.00 R2.83 26,95 12C.78 1.35E=01
20.00 77075 “2067 120.“2 1.76E“01
30.00 61425 52.2€ 120.51 2.59E~-01
58,00 54.90 E7. L7 122.26 L2LE=-N1
70,00 45,66 79,83 125,48 5.R6E=01
100,00 3R.00 85,41 132.41 8.,18£-01
150.00 29.80 116.8¢ 14¢,.€6 1.17F+00
200.00 24404 134,92 158,¢7 1.50E+00
300.00 18,82 165,26 184,08 2.08FE+03
4k00.00 16.22 1¢0.82 205.04 2.60E+00
500.00 13,42 213.35 22€.,77 3.0€E+00
600,00 11,41 233.71 245,12 3.48E400
700.00 9,92 252.44 262436 3.88E+400
A00.00 9,29 2€9.87 279415 L.25€+400
900,00 8,38 2RB424 20L, €2 4L,60E+00
1000.00 7.61 301.72 209.23 L.92E+00

1200,00 .89 330,52 337,41 5.55E+00



ABSORAER . ¢4 s o« PHOSPHORUS

ION........O'iG RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRCN) 7 (GRAM/CCM) YICRON¥GRAM/CCM
.10 77487 3.12 A1.01 1.92E~-03
0.15 89,79 284 G3.€2 2.4SE=~03
0.20 S8.11 beh3 102,54 3.00E-03
0.30 110.69 S.032 11e.11 3.91E-02
0.50 129,57 7.01 136.58 5.40E-012
3.70 138,71 B.29 147.00 5.21E=023
1.00 150.15 9.91 1€0.06 8.85£-02
1.50 162.25 12,12 174,28 1.,18E-02
2.00 16q96q 14,01 1830?0 1.“6E‘02
3.00 177.06 17.16 184,22 1.68€£-02
5.98 185.11 22.1¢6 207.26 2,98E-02
7.00 181,39 2be21 207.€0 3.,95E-02
10.00 176-3“ 31033 207067' BOBQE-OZ
15,00 165,25 38437 202.€2 7.82E-02
20.00 154 R8 Lt 31 199.19 1.03E-01
30.00 138,49 54427 182.76 1.54E-01
50,00 112.29 70.0¢6 182.2¢ 2.61E-01
70.00 96.14 82.90 179.04% 3.,72E~01
100.00 80.29 99.08 170,237 5.40E-01
150.00 63,64 121.35 184429 8.15E-01
200.00 52.68 140.12 122. 80 1.08E£+00
300,00 Lki1.91 171.81 212,53 1.57E400
400.00 32.57 198.1e6 230,73 2.02E+00
500,00 26413 221.5% 247 .ER 2.44E+Q0
600.00 25.62 242.70 2ER, 21 2.82E+010
700.00 22437 282414 284,51 3.1QE+400
800.00 19.73 280.24 300.04 3.53E+00
300,00 18.68 287.24 315.¢2 3.R8BE4+00

1000.00 17.13 313,32 33045 L.17E+00



ABSORBER .+ e PHOSPHORUS

ION.....-.-F'iq RECOILS

ENERGY E SN(E) SE(E) STLE) PATHLENGTH
KEV (KEV/MICRON) 7/ (GRAM/CCM) MICRCN®*GRAM/CCM

0.10 78.85 3ell 82.00 1.91£-03
B.15 91,01 3.85 94,87 2.L7E-02
UDZU qqﬂq3 u-hg 10“938 ZQQYE-03
0«30 112.73 5.45 119.17 3.8€E-07
0.50 137.59 7.03 139.€2 5.41E-03
0070 1“2.88 8032 151.20 6078E‘U3

1.00 15641 9,94 1€€.36€ B.ERE~Q3
1.50 162,91 12.18 182,09 1.15€-07
2,00 178,27 14.06 182.34 to4ZE-D2
3.00 182,60 17.22 20c.82 1.02E-02
5.00 192,25 22.23 220448 2+.86E«02
7,00 197 .04 26421 223024 3.75E=~-02

10.00 19¢.19 144 228,€3 5.08E~02
15,00 185.82 38.51 224,23 7.30E-072
20000 17%070 Qh.h? 220016 g-SSE’OZ
3GOOB 158.53 SQ.QE 21?-9@ 1.“25-01
50,00 132.99 78,31 202,20 2.38E-01
70400 115.53 83.19 1¢8,72 3.28£-01

100.00 95.?# 990Q3 19“067 k-91E‘01
150.00 77413 124.78 198,¢1 7.45E~-01
200.00 65,23 140,82 205.€5 9.82E-01
300.00 LARL,KS 172.22 220.87 14EE+00
400.00 42,17 188,86 241,04 1.89E400
500,00 34,37 222433 256470 2.2CE+00
500,00 28.69 242,56 272+ 24 2.67E+010
700,00 2RL.73 263.07 291,20 3.02E+00
800,00 25,64 281,23 30t 87 3.36E+400
900,00 23.04 288,29 121.233 3.6RE+DD
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ABSORBER ¢+ es e PHOSPHORUS

IONQ..OOOO.S-32 RECOILS

ENERGY E SN(E) SE{F) ST(E) PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRCN®*GRAM/CCM
0.10 81.64 3.62 85,27 1.84E£-03
0015 95.01 Q.QS 9C,46 2:33E“03
0020 103.9& 5.1“ 109008 20865‘03
0.30 120,19 6429 126.48 3.71E-02
0.50 ' 142 .85 8.12 150.¢8 5.14E=-53
0.70 159,06 9.1 168.€7 Be39E-0T
1,00 176 .65 11.49 188414 8.078=-023
1.50 199,84 14,07 212,%1 1.06E-02
2.00 211.24 16.25 227.48 1.28E-02
3.00 231,47 19.90 251,237 1.,70E=-02
5.00 254,03 25.69 27872 2.45€=-02
7.00 267 .50 30,40 2¢€7.¢0 3.14E-02
10.00 27¢€.01 36.34 212. 24 4,12E-02
15,00 28L .9k 44,50 329,44 5.88E-02
20,00 279,41 51.329 236.20 T.20E~02
20,00 27114 62,93 324,07 1.02E~-01
50.00 248 435 81.25 326,¢0 : 1.62E-01
70,00 22823 26413 324,37 2.23E-01
10C.00 20476 114.40 319.£6 3.16E-01
150,00 172,17 140473 312.89 4o 75E-01
200,00 151.3240 162.50 312,80 6.34E-01
300.00 122,01 199,02 322.02 9,50E=-01
400.00 104.75 229,890 33L, 55 1.25E+400
500.00 21.51 256.93 24044 1.55E+00

500,00 80,60 281.45 2e2.05 1.838+00




e
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ABSORBERseee s SULFUR
ION.'OQCQQOPROTONS
ENERGY E ZEFF SN{E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRANM/CCM) MICRCN¥GRAM/CCM
0.10 0.079 37.79 1.83 39,62 3.50€-03
0015 000q7 “0.“1 2.2“ 42.64 “o?iE‘03
0.20 0.112 42,12 2.58 44,70 5.85E=-03
0.390 0.136 43.55 3.1€ 46.71 8.05E-03
0.50 0.175 43.48 ' L.D8 L7.5¢ 1.23E=-02
0070 0.207 “2.63 9083 Q?o“& 1-656-02
- 1.00 0.246 40.65 5.78 Lbelt3 2e.2RE~02
1.50 0.298 37.36 7007 b LG 3038E‘02
2.00 0e340 34453 Bal7? 42.70 h.53E-02
3.00 0.409 30.11 10.00 40.12 6.95E~02
5,00 0.508 24,04 12.92 16.95 1.22e-01
7.00 0.580 20,30 15.28 35.58 1.77¢€-01
10.00 00660 16.68 18.26 : BQ.QQ 20635'01
15,00 07493 - 12.90 22.37 35.27 L.05E~-D1
20.00 0.808 10.37 25.83 36.20 S.46E-01
30.00 0.879 A.0L 31.64 39.67 8.07E-01
50.00 0.944 S.78 40.85 46.61 1.,27€+00
70.00 0.970 Lou5 L3.€3 L8.08 1.69E+00
100.00 0.937 3.25 42.83 4k6.08 2.33E+00
150.00 0.996 2.3 38.23 LO0.61 3e4IE+DO
200,00 0.998 1.73 34,87 36460 4,79E+0D
300.00 1.000 1.34 29.75 31.10 777400
400,00 1.000 0.93 26.67 27.60 1.12E+01
500,00 1.000 0.92 2hel1 25404 1.50E+01
600,00 1.000 0.78 22.28 23.05 1.92F+01
700,00 1.000 0.70 20.64 21.34 2437E+01
800.00 1.090 0.62 19,26 © 19.87 2.86E+01
900,00 1.000 0455 18.0¢€ 18.61 J.38E+01
1000.00 1.000 0.50 17.01 17.50 3.93E+01
1200.00 1.000 0.42 15.26 15.68 5e.14E401
1500.,00 1.000 0.00 13.61 13.61 7.20E+401
1700.00 1.000 0,00 12.54 12.54 B.723E401
2000.00 1.000 0.00 11.24 11.24 1.13F+02
2500.00 1.000 0.00 9,64 9.64 1.61E+0°?
3000.00 1.000 0.00 8.47 Bols? 2.16E+02
3500.00 1.000 0.00 7.58 7.58 2.79E+02
4000,00 1.000 0.00 6.87 6.87 3.48E+02
4500.00 1.000 0.00 6.29 ’ 6.29 he24E+Q?
5000.,00 1.000 0.00 5.82 5.82 S5.07E+02
5500, 00 1.000 0.00 Skt 5e41 S.CEE+(Q2
6000.,00 1.000 ‘ 0.00 5.07 5.07 €.92€E+02

6500.00 1.000 0.00 Le7¢ L,7¢ 7.94E+02
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BSORBER«s e e e SULFUR
IONeeses oo o DEUTERONS
ENERGY € 7EFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRON*GRAM/CCM
0.10 0.056 47.10 1.29 48,39 2.8€E-03
0.15 0.0869 50.40 1.58 51.98 3.85E-03
0.30 0.097 54,42 2424 56.66 6+59E~03
0.50 0.125 54.51 2.8¢9 57.40 1.01€~-02
1.00 0.175 51.21 4,09 55.29 1.8G9€E=~02
1.50 D.214 47417 5.00 52,17 2482€~02
2.00 0.246 43.67 5.78 49,45 3.81E-02
3.00 0.298 33,20 7.08 45,28 5.92E=-0?
5.00 0.377 30.61 9.14 39.75 1,07€~-01
7.00 Dot37 25444 10.81 36.25 1.60E~01
10,00 0.508 21.27 12.92 34.1¢ 2.45E-01
20.00 0.660 13.30 18.27 31.57 £.53€£-01
30.00 0.749 10.36 22,38 I2.74 8.61E-01
50,00 0.849 7.410 28,89 26,30 1.45E400
70.00 0.902 5.48 34,18 29,66 1.97E+090
100.00 0.944 b.16 42,43 46462 2.E7E+NY
150.00 04974 3.08 45,05 48,113 1.,72E+00
200,00 0.9R7 2424 43,832 L6.07 L.77E+00
300,00 i .996 1.75 38485 49,60 7.09E+00
400.00 0.998 1.21 35,38 3659 Q,70E+400
500,00 0.999 1.19 32.21 33,40 1.26£+01
600,00 1.000 8.99 30.10 31.09 1.,57E+401
700.00 1.000 0.84 28,44 29,2¢ 1.90€E+01
800,00 1.000 .80 26480 27.59 2.25E+401
900,00 . 1.000 0.71 25.41 26.12 2.62E+01
1000.00 1.000 0.64 24,39 25.03 3.02E+01
1200.,00 1.000 0.54 22.50 23.04 2.85E+01
1500.,00 1.000 0.00 20,57 20.57 5.23£401
1700.00 1.000 0.00 19,21 19,21 EJ24E+(1
2000, 00 1.000 0.00 17.5%0 17.50 7.87F+01

2500.00 1.000 0.00 15.28 15.28 1.09E+02
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ABSORAER.«see SULFUR

ION.Q.‘OOOQALPHA-anTICLES

ENERGY E ZEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7 (GRAM/COM) MICRCN¥GRAM/CCM

0.10 000“0 L4,01 1.83 “5.8“ 3.,186=-03
0,15 0.049 48,75 2425 50.,9¢ L.21E-03
0.20 0.056 51.686 2.59 54.2€ C.16E~-03
0.30 0006q 550“0 3.18 58.58 6.93E‘03
0.590 0.089 58.91 ’ 4,10 €3.01 1.02€~-02
0.70 0.105 61.07 4,85 65.92 1.33E-02
1.00 0.12¢ 60.8¢ 5.80 bb.6HE 1.78E-02
1.50 0.154 60.13 7.10 £7.23 2.52E-02
2.00 0.177 58.08 8.20 £6.28 3.27E-02
3.00 0.217 53.81 10.04 €3.8€ 4.81E~02
5.00 0.279 L7.16 12.9¢ £0.12 B.05E=-0?
7.00 00330 “1.62 15.3“ 56096 1n15E°01
10.00 0,393 35.87 18,33 : S4,20 1.69F=01
15000 0.“78 2%.80 220“5 SICZE 2.6“E'01
20,00 0.5L8 24.95 254932 50.87 3.62E-01
30.00 0.663 19.68 31.7% 51.44 5.58€£-01
50,00 0.835 14.5¢ k1,00 55.59 2.36E-01
70.00 0.665 10.94 48,51 59.44 1.28€+400
100.00 1.115 8,95 57.98 €6.93 1.7¢€+00
150.00 1.294 6e2 . 71.01 77.26 2.46E+DD
200,00 1.422 5.11 81.99 87.10 2.068E+0D
300,00 1.5932 3.78 10042 104,20 Le11E+0D
400,00 1.70¢ 2478 116,19 118,97 5.01E400
500.00 1.772 2461 121.3¢9 124,01 5.82E400
600,00 1.824 2.18 122.82 125,00 £.62E+00
700,00 1.861 1.81 122.€9 124.51 TeU2E+0D
800.00 1.889 1.53 120,49 - 122.01 B,2LE+0DQ
900.00 1.910 1.32 118.70 120.01 Q. 06E+00
1000.00 1.926 1.46 11€.565 118,01 9.90E+00
1200.,00 1.949 1.22 112.80 114,01 1.16E+01
1500, 00 1.970 0.96 106.68 107.65 1.43E401
17060.00 1.978 0.92 102.35 103,27 1.62E+401
2000,00 1.986 0.79 97.64 98 .43 1.92€E+401
2500.,00 1,992 0.63 88.77 89,40 2.45E+01
3000.00 1.996 0.56 Al1,11 81,67 2,04E+01
3500.00 1.998 0.00 75.14 75.14 3.68E+401
L000.00 1,999 8.00 69.62 63,62 L.37E+01
4500.00 1.999 0.00 64,91 - B4 .91 C.11E+01
5000.,00 1.999 0.00 60.84 60.84 $.91E+01
5500.00 2.000 0.00 57.30 5730 te.76E+01
6000.00 2.000 : 0.00 54,19 SL.19 7.66E+01
6500,00 2.000 0.00 51,42 51,43 B.60E+01
7000.,00 2,000 0.00 48,97 48,97 S.60E+01

7500.,00 2,000 0.00 L4be78 46,78 1.06E+402
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ABSORAER. s e« SULFUR

ION...:Q...C‘iZ pECOILS

ENERGY E SN(E} SE(E) STE) PATHLENGTH
KEV (KEV/MICRON)Z (GRAM/GCM) MICRON*GRAM/CCM
.10 35436 2484 38,20 4.10E£=-02
0.15 4015 3.48 42.€3 5.328~03
0020 QBCGZ “-G? GL7.84 6.Q1E'03
0.30 49,61 4,02 5L,%4 8.30E-023
0.50 55.86 Be36 £2.22 1.18€E-02
.70 60,19 7.52 67.71 1.48E-02
1.00 6L .52 9.00 72.52 1.21E-92
1.50 H2,.30 11.02 79,82 2+58E-02
2.09 70467 12.72 82.2¢ J.17E-02
3.00 73.71 15.65R 8B9.20 4.,23E-02
5.00 72.92 20412 92.03 6.51E-07
7.00 71.01 23RO Q4,81 B.B4HE~Q]?2
10.00 67025 28.“5 95.70 1018E'01
15000 610“0 3&.8“ 96a2k 10705“01
20000 56.8“ L.22 QT007 2.?2&‘01
30,00 LA T7H 49,27 98,03 3.2u4E-01
53.00 38.52 63,61 102.1“ 50?QE“01
70.00 32453 75.27 107.29 7.15€-01
100,00 26,00 89,96 116.5%6 S.,83-01
160.00 20,33 110.18 130.51 1.285+09
200,00 17.66 127.23 144,89 1.75£+400
300.00 12.41 165.8°? 168.23 2.3CGE+00
400.00 10.94 179.9? 128,77 2.958400
507,00 f.9L 201.16 21C.11 3.45F+00
600,00 7.58 220438 227.94 3.90E+00
700.00 £.97 238.02 244,¢¢9 4,23E+00
800,00 5620 254,L5 26C.€5 Lo725+400
300.0C 5456 269,89 27%. 44 5.10E+00
1000.00 5.05 28L, 40 282,54 SeL4SE+TO
1200.00 4459 311 .64 316,23 6.11£+00

1500.00 364 348442 352.08 7.01£+00




-1z -

ARSORBER e e ee SULFUR

IONeseseesoN=14 PECOILS

ENERGY E SNA(ED SE(E) ST(ED PATHLENGTH
KEV {KEV/MICRON) / (GRAM/CCM) MICRCN¥*GRAM/CCM
0.10 4?2 .99 2.99 45.¢8 3.40E-03
0.15 49,16 3.66 52.81 Loe41E=-03
0.20 52,89 4,22 58.11 5.21E-02
0.30 60.79 5.17 €5.C6 6.32E~03
0.510 650,28 6.67 75.9% 9.70£-02
0.70 75.50 7.90 83,40 1.22E=-02
1.00 81.34 9, Lk C0.78 1.67€-02
1.50 87.25 11.56 98.81 2.03E=-02
2.00 a1.22 13.35 104,57 2.58E-02
3.00 QY 74 16.35 111.009 3.51E-02
5.00 25,91 21.11 117.02 5.24E-02
7.00 9521 24498 120.18 b.C3E~02
10.00 91.53 2¢.85 121.45 G.41E-02
15.00 84,990 3he56 121,46 1.35E-01
20.00 79.03 h2.22 121.25 1.76E-01
20.00 69,86 51,70 121.57 2.5CE-101
50.080 5¢.66 66.75 123.41 4.23E-01
70.00 L7.28 78.98 126.26 5.83E~-01
100.00 39,42 ShLa40 133. 01 8.14E-01
150.00 31.11 115.¢F1 146472 1.17F+00
200.00 25.27 133.50 158,77 1.50E+00
300.00 19.94 163.50 183,45 2+IBE+DD
400,00 15617 188.79 202.¢¢ 2.60E+00
500,00 it.16 211.08 22%.24 3.07E400
600.00 12.11 231.22 2643.32 3.4CE+0D
700,00 10,52 249.75 260.27 3.89E+00
300,00 9,79 267.00 27€.79 4o2€E+00D
900,00 8.88 283.19 292.07 L,E1E+00
1000.00 A.08 2098.51 306459 4.95E£+00
1200.00 6.83 327.00 333,284 5.57E+00
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ABSORBER.«s s SULFUR
ION........O-iG pECOILS
ENERGY € SN(F) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICPON) Z/(GRAM/CCM) MICRCN¥*GRAM/CCM
0.10 Thells 3,10 79,24 1.9€E=-03
0.15 87.97 3.8C 91,77 2+55€E~03
0.20 96020 “039 100059 3007E‘03
0.30 108.54 5.28 113,62 4.00E-03
D.50 127 .38 be9l 134,22 5.€60E=-02
0070 136.58 8021 1““079 ?oO“E'GB
1.00 1&8.23 QCEE 15800“ Qcﬂig-UB
1.50 160463 12.02 172.€56 1.20E-02
2.00 168,21 13.883 182.0¢ 1.48E-0¢
3.00 175.98 17.00 192,49 2.01F-02
5.00 184,490 21.95 206.85 3.01E~07
7.00 181,96 25.497 207,32 J.Q27E=-02
10000 177086 31.0b 208.¢1 5.&15'02
i5.00 167 .68 38,02 205.£9 7.82E=072
20.00 157.73 43.60 201.€3 1.03E=01
30,00 141.81 52.76 185,57 1.53E-01
50.00 116,07 £C. 41 185,48 2.58E-01
780.00 93,89 82.13 182.01 3.67€-01
100030 8304“ 98e16 181.60 50335‘31
150.00 e bl 120.22 186, €6 8.06E-01
200.00 55,38 138,82 1CL, 20 1.07€E+00
300.00 Ly, 14 170.02 2ibL.16 1.56E+0C0
400.00 34,77 196,22 231.09 2.01E+00
500.00 27 .95 219,49 24744 2.42E4080
500,80 27.11 24044 2ET.ES 2.82E+00
700.00 23.80 289.71 283.51 3.18E+00
A0G.00 21.08 277. €4 228,72 3.53E+00
300,010 18.95 294 4R 13443 3.RGE+0D
1000.00 18,14 310.41 328455 LelGE+OQD




ABSORBER. s e SULFUR

IONQ0.0000.F-iq pECOILS

ENERGY € SN(E) SELD) ST(ED PATHLENGTH

KEV (KEV/MICRON) 7 (CRAM/CCM) MICRCN®*CRAM/CCM

0.10 77.16 3.12 80.28 1.94£-03
0.15 8a.12 3.82 92,64 2.52£-023
0.20 98,36 Loty 102.77 3.,03E-03
0030 111063 Sell 117.33 309“5‘03
0050 130022 6097 137.19 5.516'03
0.70 140,79 B.25 149.04 £.8%E~02

1.00 154432 3,86 164,19 8.R30E-03
1050 168413 12.08 180.21 1.17E=02
2.00 177.03 12,95 180.¢8 leli4E-02
3.00 128,33 17,08 205.42 1.84E-~92
5.00 197.55 22.05 216,61 2.8RE-02
7.00 19744 26.09 223454 3e78E-02

10,00 196434 11.19 227453 5.10E~-02
15.00 188410 2R, 20 22te 20 7.20€-02
20.00 178,54 44,11 222.€5 9.53E-02
30,00 161.89 Sy.02 21%.¢1 1.41E-01
50,00 137.01 6, 7L 20€e75 2.36E-01
70.00 119.55 82.52 £12.07 J.34E-01

100.00 89.00 G8.E3 197.€3 L,BLYE-01
150.00 80,29 120479 201.0R 7.3c6E-01
200.00 67499 13G,428 207447 G.A0E-01
300.00 51.29 170.872 222.11 1.45E+00
400.00 44,59 147,25 2414 AL 1.88E+00
500.00 36 .69 220454 25772 242%E430
6038.00 30.66 241 .08 2724.2C4 2.¢€E+00
700,00 30433 2€0 9% 2€1.27 T.01E+00
300.00 27.20 27RO 0€.1F 3.25E+00
300.00 2he51 295,88 320239 3.67E+00
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ABSORBER.eseeSULFUPR

I0N¢¢0001005'32 RECOILS

ENERGCY E SNA{ED SEL(E) ST(E) PATHLENGTH
KEV {KEV/MICRON) / (GRAM/CCM) MICRON®*GRAM/CCHM
0.10 80.29 3.63 B2.¢2 1.27£-02
.15 92,50 LoGh G7.¢4 2.42E-02
0.20 10?7.76 .13 107.239 2.91E£-012
0.30 118.29 6.2R 124,57 3.77E-03
0.50 161.35 3.11 148,46 5.7225-03
0.70 156,93 9.59 166,52 beUGE~DZ
1.00 174.28 11.47 125,75 8,18E-073
1.50 107,66 14,04 ?11.71 1.07€=-072
2.00 207,18 16,22 22v.2¢ 1.30E=-02
3,00 229,77 18.86 ChQ,€3 1.72E-07
.00 251,35 25.¢4 278,¢9 247E=-02
7000 PER 7L 3024 2C074.0E 3elEE-9D?
10.00 275.71 3b.2€ 11eC7 Le15€-02
15.00 23%.55 L, 41 ?30-2? S.?OE‘Q?
20,00 281.22 51.28 322.50 7e.21E=-07
30,00 274434 £2.81 237,15 1002E‘01
50.00 252,93 81.009 22u,02 1.81E-01
70,00 233,30 8%5.94 229,25 2.22F-01
100.00 219.35 11“067 3?500? 30135'01
150.00 173,01 140,04 218,45 L.FCE=-D1
200,00 157,05 162.17 319,22 6.2£E-D1
300.00 127.80 198.62 326.“2 9037E‘01
LOD.00 1039.06 229,25 228,40 1.24E+00
500.00 95.21 256,42 I61.€3 1.5235400

600.00 84,61 280.8¢ 265449 1.81E+00
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BSORBERe«ess POTASSIUM

ION. OO‘.O..PROYONS

NERGY € ZEFF SN(E) SE(E) SY(E) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRCN*GRAM/CCM
0.10 0.079 29.17 1.53 30.70 4.53E~07
0.15 0.097 31.46 1.88 23,33 E.15E=03
0020 0011? 32088 2.17 35.05 7.61E‘03
0.30 0.136 3“026 2.65 36091 100“?‘02
0.50 0,175 35.69 342 39.11 1.56E-02
0070 0.207 34,.89 4,05 28,95 2.08E=02
1.00 0.246 33.81 4,84 28.6€ 2.85E-02
1.50 0.298 31058 5.93 37.51 L.lRE-(2
2.00 0e340 29,53 6.85 36.38 5.52E=02
3.00 0.4L00 26432 8.39 34,70 R.33E-02
5.00 0.508 21.23 10,823 32.0¢€ 1.43E-01
7.00 0.580 183,12 12.81 30.93 2.07€-01
10.00 0.660 15.12 15,32 2044 3.05E-01
15,00 0.7409 11.96 18,7¢ 30.72 L.60E-01
20.00 0.R08 9.85 21.6€ 31.51 E.30E-01
30.090 6.879 7.83 26453 34,35 G434E-01
50.00 C.944 4.85 J4.26 39.12 1.48E+400
70,00 0,970 4,16 37.71 41.87 1.,97€+00
100.00 0.987 3,19 27.87 41.0¢ 2.69E+00
150.00 0.996 2437 34,73 37.09 3.97E40Q0
200,00 0.9948 1.77 31.62 33.40 5.388400
300,00 1.000 1.38 27,02 28,439 8.65E+00
400,00 1.000 0.99 24,20 25,19 1.24E+01
500,00 1.000 0.74 21,78 22453 1.66F+01
600.00 1.000 0.77 20.08 20 .85 2.12E+01
700.00 1.000 D.6E€ 18.,7€ 19.41 2.62E+01
800,00 1.000 0.57 17.59 18.186 3,16E401
900.00 1.000 B.54 16.51 17.0¢ 3.72E401
1000.00 1.000 0.49 15.59 16.0¢ 4.32E+01
1200.00 1.000 Datt 14,06 14,47 5.64E+01
1500, 00 1.00¢€ 0.34 12.28 12.62 7.86€E401
1700.00 1.000 0.32 11.33 11.65 9,51E+01
2000.00 1.000 0.00 10,47 10.47 1,22E+02
2500.,00 1.000 0.00 9.00 9.00 1.74E+02
3000.00 1.000 0.00 7.93 7.93 2.33E+02
3500.00 1,000 0.00 7.10 7.10 3.00E+02
4000.00 1.000 0.00 6eUS 645 J«7LEHD2
4500.00 1.000 0.00 5.92 5.92 L.55E+02
5000.00 1.000 0,00 Gel7 S.47 5.,43E4+02
5500.00 1.000 0.00 5.10 5.10 6.38E+02
6000.00 1.000 0.00 : L,77 b,77 7.39E+02

6500.00 1.000 0.00 4,4 4,49 B L7E+02
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ABSORBER s+ e e« POTASSIUM

IONeceosee e e DEUTERONS

ENERGY E JEFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /7 (CRAM/CCM) MICRCN*GRAM/CCM
.10 0.056 36452 1.08 37.61 3o 7LE-03
0.15 0.069 39.44 1,33 40,77 5.01E-03
0,30 0.097 43.01% 1,88 Ly ,8¢6 B.L4BE~D3
0.50 0.125 44.91 2.42 L7.33 1.286-02
0.70 04147 43.97 2.87 46.84 1.,71E-02
- 1,00 0.175 42.69 3.43 Lo.12 2+35E-02
2.00 0.246 37,42 L .85 b2.27 LebH2E~-02
5.00 -0.377 27.04 7.66 .71 1.25E-01
10.00 0,508 19,31 10.82 ' 20.1¢ 2.82€-01
15.00 0.596 15.29 13.27 28.45€ 4.53E-01
20.00 0.660 12.64 15.32 27.9¢ 6.30E-01
20,00 0.749 10.05 18.77 28.82 %.85E~01
50.00 0.849 H+25 24e23 30.48 1.66E+00
70,00 0.982 535 28.€8 34.02 2e28E+00
100.00 0.944 4.10 35.02 39,12 3.09E+00
150.00 0,974 3.04 39,03 42.08 4.31E400
200.00 0.987 2.2¢ 38.7€ 41,08 C.51E+00
300,00 0.996 1.78 35.31 27.08 B.07E+00
400.00 0.998 1.28 32.10 33.3¢9 1.69E+01
500,00 0.999 0.9€ 28,72 30.69 1.40E+401
600,00 1.000 f.99 27439 28.38 1.74€+401
700,00 1.008 .85 25.93 26.78 2e11E+01
800.00 1.000 0.74 2holl - 25.18 2.49E£401
900.00 1.000 0.70 23.29 23.98 2.90E+01
1000.,00 1.000 0.64 21.88 22.51 J3.33F+01
1200.00 1.000 0.53 20.31 20,84 L.25E+01
1500.00 1.0600 Nel3 18,32 18.76 S« 77E+01
2000.00 1.000 t.00 16.08 16.08 P.B6E+0L

2500.00 1,000 0.00 14,11 14.11 1.20E+02
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ABSORBER.ees s POTASSIUM

ION..o.ooc.ALpHA‘pARTICLEg

ENERGY E JEFF SNA{E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CTCM) MICRON*GRAM/COM

0.10 0.040 34.62 1.55 16417 L.15E-03
0.15 D.049 37.78 1.90 29,68 5e47E-03
.20 0.056 40.28 2420 L2.48 €.68E-03
0.30 0.069 43.66 2.69 46435 8492E-03
0.50 0.089 L7.28 .47 50,76 1.30e-02
0470 0.105 48,69 be11 52.80 1.69E-~02
1.00 D.126 50.26 4,91 55.17 2.24E=02
1.50 0.154 49,39 6.02 55.41 J.15€-02
2.00 00177 “8.35 6095 55030 “.OSE-UZ

3.00 0.217 45.58 8451 54,09 5.88£-02
5,00 0.279 LO.46 10.99 51.44 S8.b7E=0(2
7.00 0.330 J6.59 13,090 49.5¢ 1.36E-01
10.00 0.393 21.5¢ 15.54 L7.10 1.8RE=-01
15,00 g.u78 264,18 13,03 45,19 3,07€-01
20,00 0.548 22.69 21.97 Lik,B6 4419E-01
30.00 0.663 13.07 26491 L4.98 Eoh3E-01
50.00 0.835 12.75 4,74 47 .48 1.08E+00
70,00 0.965 10.65 41,11 51.75 1.48E+400
100.00 1.115 7.60 49,13 56474 2.03E400
150,00 1.294 0.0R 650.18 66426 ?e84E+D0
200,00 1et?2? 4,83 69,48 Thob2 2.,56E400
300,00 1.593 .64 85.10 88,54 L.78E+00
k00,00 1.701 2.81 97.17 99,98 Ca84E+00
500.00 1.773 ?.20 102.79 104.99 £.81E+00
600,00 1.R24 2.186 103.84 106.00 T.7¢E+00
700.00 1.861 1.886 104,68 106.50 R.70E+00
800.00 1.889 1.60 104401 105.60 S.H4E+DD
900.00 1.910 1.38 103.72 105,10 1.06E+01
1000.00 1.626 1.20 103,74 104,91 1.15E+401
1200.00 1.949 1.21 100.314 101.51 1.,35E+01
1500,00 1.870 0.9¢ 95,4¢ C6.45 1.65E+01
1700.00 1.978 D84 az2.€0 Q3,44 1,86E401
2000.,00 1.986 N.77 87.55 88,32 24198401
2500, 00 1,993 N462 B0.40 81.02 2+.78E+01
3000.00 1.986 0.52 73.96 Thel8 J.L3E+01
3500.,00 1.9098 .46 68,38 £8.84%4 L 13E+01
L4000.00 1.999 0.00 64,00 c4.00 4.88E+01
4500.00 1.999 D.00 59,82 59,83 5.69E+01
5000.00 1.999 0.00 56421 56.21 E+S55E+01
5500.,00 2.000 0.00 53.04 53.04 7.47E+01
6000.,00 2,000 0,00 © 50.24 50,24 R L4E+0DL
6500.00 2.000 0.00 47.75 47.75 C LBE4+01
7000.00 2.000 0.00 45,52 45.5°2 1.06€E+02

7500.00 2.000 0.00 Lh3.51 43.51 1.,17F8+02
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ABSORBEReeee s POTASSIUM

IONCOOOQl..c-lz ?ECOILS

ENERGY £ SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICPON) /(GRAM/CCM) MICRON*GRAM/CCM
0.10 27432 2447 29.79 5.26E-02
g0.20 Jha17 3.49 37.€6 8.,21E-03
0.30 3854 4,28 42,82 1.07€~02
0.50 43.77 5452 49.29 1.50€E-02
0.70 L7.64 6453 54417 1.8%E-02
-1.00 51,22 7.81 50,03 2.41E-02
1.50 54,81 9.56 GleldR 3e22E~-02
3.00 59,34 13.52 72.86 5.3GE-02
5.00 59,71 17.u46 77.16 8,04E-02
7.00 59.07 20.66 79,72 1.06E-01
10,00 56655 24,069 81424 1.,43E-01
15,00 52.18 30.24 B2.42 2.04E-01
20,00 48,42 344,92 83.34 2.64E-01
30.00 ' 4?2 .56 42.76 B5,232 3.83E-01
50.00 34,28 55.21 89.49 6.12E-01
70,00 28,52 €5.32 C3e84 8.31E-01
100.00 2374 78.08 101.82 1.14E+00
150.00 18.64 95.62 114,27 1.60E+00
200,00 15.06 110.041 125.47 2.02E+00
300.00 11.81 135,23 147,04 2.75E+400
400,00 8.93 156.15 165.08 3.39E+00
500,00 8.41 174.58 182.¢€9 3.9FE+00
600.00 7.16 191,24 198.40 L.43E+00
700,00 6e22 206.57 212,79 4,.98E+00
800.00 Se82 220.83 226.,€5 - S.43E+00
900.00 5426 234,23 229,48 5.86E400
1000.00 5,78 246.89 251.€7 6e27E+00
1200.00 4,32 270. 46 274,78 7.03E£+400

1500, 00 2.52 302.28 305.¢1 8.,06E+00
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ABSORBERsee«POTASSIUM

ION.ooooocoN‘ih RECOILS

ENERGY E SNALE) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRON) /{GRAM/CCM) MICRON*GRAM/CCM
0e.10 33.61 24810 36,21 4,32€£-03
0.15 28479 3,19 41.¢67 5.59E-03
0.20 42,39 3.68 46,07 6.72E-02
0.30 L7 .83 4.50 52623 B+75E~-03
0.50 56-05 5,82 €1.87 1.22E=-02
.70 60.04 6.88 E6.C2 1.54E-02
1.00 65.06 B.22 73.28 1.9€6E-02
1050 70.38 10.07 800“6 2'616'02
.00 76493 14,25 81.17 L.34E=-Q2
5000 80060 18-39 98.?9 6-“36‘92
7.00 79.11 21.76 106.87 Bel4E~-Q2
10.00 77.07 26.01 103.08 1.,14E-01
15,00 72440 31.86 104,26 1.,62E~01
20,00 67,96 36478 104,70 2+10€=-01
30.00 61,90 45,05 105.25 3.05E=-01
70,00 L2.53 £8.81 111,34 Bs74E~01
100,00 35,52 - 82.25 117.77 9,27€-01
150.00 28.21 100,73 128.¢4 1.34E+00
200,00 23,42 116.32 136,73 1.71E+400
300.00 18,65 142,48 1€1.11 2.38E+400
400.00 14,57 164,50 179,07 2.,97E+00
500,00 11.69 183.82 195%,¢€0 3.50E+400D
600,00 11,42 201,47 212.89 ‘3499E+00
700,00 9.99 217.61 227.€0 L.45E+00
800,00 8,84 232.64 2461448 4.87E+00
900.00 797 246475 284,72 5.28E+400
1000.00 7e6k 260.10 267473 5.€6E+00

1200.00 €.50 284,92 291.42 6.,38E+400
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ABSORBER,eees POTASSIUM

ION........0°16 RECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH

KEV (KEV/MIGRON)/ (GRAM/CCM) MICRON*GRAM/CCM
i 0010 61021 2.71 EBQQS 2QQ5E’03
| 0,15 70.67 3.32 732.€¢9 Je17E-02
| 0.20 77 .65 .84 81.49 J3.81£-073
0'30 ’88.36 Q.?G 93006 “oqEE‘DB
| 0050 103.03 6.07 109010 6.q3E‘03
| 0.70 111.12 7.18 118.30 8.68E-03
i 1.00 121.70 8.58 130.28 1.11E=-02
| 1.50 132.30 10.51 142,82 1.47E-02
| 2000 133.89 12.1“ 151.03 1.81E-02
' 3000 1“7.78 1“08? 162.65 ZQQSE‘DZ
5400 154 .65 19,19 172,85 JeEUE=-Q2
| 7.00 153.93 22.71 176.€4L 4.77E-02
10.00 152 .65 27414 17€. 80 B u4S5E=-02
15.00 145,57 a3.24 178,81 Q,24E=-02
20.00 137.77 38,218 176.16 1.21€-01
30.00 : 124,48 47.01 171.4¢ 1.7RE-01
50.00 104 .67 60.69 1e65.3¢ 2.87£-01
70,00 91.04 71.81 162485 4.,19E-01
160,00 75413 85,83 1el.€6 6.05E-01
150,00 60.86 105,12 165,68 9.11E-01
200.00 51.60 121.328 172.29 1.21E+400
300.00 38,52 148.€6 187,18 1.76E+00
400.00 33.43 171.686 205.08 2.27E+00
530.00 27.31 191,92 21c.23 2.74E+00
600,00 22479 210,24 233403 3.18E+00
700,00 22476 227.09 249,85 3.E0E+00
808,00 20,36 242.7¢8 263,10 - 3.99E+00
900,00 18,29 257,49 275.78 LoZHE+0Q

1000.00 16.61 271442 288,02 Lo71E+00
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ABSORBER.eee e POTASSIUM

ION..OQ...OF-ig pECOILS

ENERGY E SN{E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICPON) Z/{(GRAM/CCM) MICRCN*GRAM/CCM
0.10 62.13 207@ 6h087 2+3CE=03
0.15 71,84 3.35 75.19 3.11E-03
0.20 79.61 3.87 B3.48 3.74E-03
0.30 Q0.48 Le7h 895,22 L.85€-03
.50 105,60 .12 111.71 6e.78E-02
0.70 117.18 7T.24 124442 BJL7E-D2
1.00 126.28 8.65 ’ 134,93 1.08£-02
1.50 138,34 10.60 148.¢8 1.43E~-02
5.00 165,03 19.35 184,37 J.48E~-0Q2
7.00 169.90 22.89 192,79 4.54E-02
15,00 162.15 33.51 1C5.€5 BaBUE-D2
20.00 155,26 38.€9 1€3.¢5 1.12E-01
30.00 142.28 47.29 189.€€ 1.64E-01
50,00 122.48 61.17 183.€6 2.71E-01
70.00 106.38 72,38 178.76 _ 3.82E-01
100,00 G0,62 86,51 177.03 5.51E-01
150.00 72.59 105.96 176,55 8,32€-01
200.00 62,67 122.25% 185,02 1.11F+00
300,00 48,23 149.85 108,08 1.63£+00
400,00 \ L1,83 173.03 214,86 2.12E+00
500.00 35,20 183,45 228.€5 2.57E+400
600,00 29.77 211,91 2L1.€8 2.99E+00
700,00 25.55 228.89 2544 44 3.40E+00
800,00 25.77 244,70 270447 3.78E+00

900,00 2344 259.54 282.98 Go14E#OD
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ABSORBER« s s e« POTASSIUM

IONno'oooooS'32 QECOILS

ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) 7/ (GRAM/CCM) _ MICRON*GRAM/CCM
0.10 K661 3.23 €2.74 2.22E-D3
0.20 84,73 4,57 89,20 J.46E~03
0,30 ‘98,35 5.€0 103.¢5 Loel4QE=-Q2
0.50 117.65 7.23 124.88 6.24E-03
8.70 130.64 8455 136,19 7.75€-03
1400 145,12 10.22 155,34 9.78E-03
1.50 165,02 - 12.52 177.54 1.28£-02
2400 175.28 1h.4¢8 189,73 1.55E=-02
5.00 214436 22.86 237.22 2.83€-02
7.00 226412 27.05 : 253417 3e75E=02
10.00 234,65 32.33 26€.C7 - 4L.89E-02
15,00 2LLLBT7 39.59 28L,.20 6.70E=-02
20,00 242445 45,72 288417 8.44LE=-02
30,00 238,57 - 55.99 295,56 1.19£-01
50,00 222.64 72.29 294,62 1.86E-01
70.00 206477 85,53 292430 2+54E~-01
100,00 187 .94 102.23 290.17 3.58E-01
150,00 161,03 125.20 28€.23 5.31E-01
200,00 142,99 144,57 287.57 7.06E-01
300.00 114,82 177.07 261,89 1,05E+00
400,00 99. 45 204,46 303.€1 1.3¢E+00
500.00 87.70 228.59 31€.30 1.71E+00
600,00 78.48 250.41 - 328, 8¢ 2.02E+00




ABSORBER e se e CALCTIUM

IONsseeseo s PROTONS

ENERGY E IEFF SNAE) SE(E) STAE) PATHLENGTH
KEV (KEV/MICRON) /7 (GRAM/CCM) MICRCN¥GRAM/CCM
0,20 0.112 32.37 2413 34,50 7T«77E-03
0.70 0.207 3,77 2.98 38.75 2410E=-02
1.00 0.246 33.87 La75 38.63 2+88E-02
1.50 0.298 31.82 5.82 27.64 4e13E-02
2.00 0.340 29.8¢ 6472 26459 5.54E-072
3:00 U.QUQ 26.76 8023 35000 803“E‘0?_
5000 0.508 21.78 10:63 320“1 1.43E~01
10.00 0.660 15.61 1%.03 I0.64 J.03E-01
15.00 007“9 12.3¢ 18¢l11 30081 LebbE=-01
20.00 0.808 10.29 21.26 214,55 €.27E-01
30.00 0.879 3.19 26.04 34,23 Q,33E~0C1
50.00 0.944 5,12 33. 62 38.75 1.48E+00
70.00 0.970 L4.39 39,52 43,91 1.9¢E+03
100.00 0.987 3.35 L2.65 45,00 2.62E+00
150,00 0.996 ?el9 LO.50 43.048 2.7LE+0D
200,00 0.998 1.89 3I7.43 39.32 4.95E+400
300,00 i.000 1.46 30.60 32.0¢€ T77E+00
400.00 1.000 1.07 25.59 26.EF 1.12E+01
500,00 1.000 D.80 22453 23.34 1.52E+401
600,00 1.000 0.82 20.51 21433 1.97E+01
700,00 1.000 0.70 18.84 19.54 ZoLBE+01
800,00 1.000 0.61 17.68 : 18,28 2+99F+01
900.00 1.000 D54 16.65 17.19 2.56E+01
1000.00 1.000 0.52 15,71 16.23 L.16E+01
1200.00 1.000 Osbed 14.18 14.62 BL.4hE+01
1500.00 1.000 0.35% 1241 12477 7Te66E+01
17400,.,00 1.000 0.32 1147 11,79 9.29E+01
2000.,00 1.000 0.00 10.€1 10.61 1.20£+02
2500.00 1.000 .00 9,13 9,13 1.71E402
3000.00 1.000 0.00 B.04 8.04 2429E+02
3500.00 1.000 .00 7.21% 721 2.95E+02
4000.00 i.000 0.00 _ £.55 6455 2.68E402
4500.00 1.000 .00 6.01 - b6l.01 Lo LAELD?
5000.00 1.000 0.00 5.5€ 5.56 S.34LE+02
6000,00 1,000 80.00 4,85 4,85 727E+02

6500.00 1.000 0.00 4.57 LoS57 8.33€+02
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ABSORBER.esee CALCIUM

IDN' .......DEUTEQDNS

ENERGY E 7EFF SN(E) SE(E) ST(E) PATHLENGTH
KEV {KEV/MICRONY 7 (GRPAM/CCM) MICRCN*GRAM/COM
0.10 0,056 35.85 1.06 36.91 3.82F-03
0,15 0.069 38.82 1.30 40.12 5.12£-03
0.20 00079 Ll.bMh 1050 Q201“ 60335'03
0.30 0.097 42,49 1.84 Lt 33 B.63E-03
0.50 0,125 44.59 2.38 L6497 1.30£~02
Do70 Uci“? “3.8“ 2.81 u6065 1073E-02
1.00 0.175 42.79 3.36 46,15 2.37E-02
1.%0 8021“ “0.28 “012 QQ.QU 30“7E‘0?
2.00 0.246 37.8¢ be7¢ 42.61 4,62E~02
3.00 0.298 33.939 5.83 39.82 7.06FE=-02
5.00 0.377 2778 752 25,28 1.24F-01
7.00 Q.47 23.8¢ 8,30 22475 1.826=-01
16.00 N.508 19.93 10.64 20.56 2.7%E-01
15.00 0.596A 15.85 13.03 28.88 Lo4B8E~-01
20.00 0.660 1301q 1500“ 2R,.,23 602?E'01
23,00 0740 10.51 18.42 28.93 Q,7AF-01
50,00 0.8409 6463 23.78 2041 1.65E+00
70.00 0.80¢2 565 28,14 33.79 2.28E+400
100.00 D.944 be31 32.63 37.95 3.11E+400
150,00 0.974 3.20 41,44 Lk b4 4,32E+00
200,00 0,987 2445 42,55 46,60 G418400
300.00 0.996 1.88 41.19 43.08 T.ALE+TD
400.00 0.998 1.3¢ 27.93 39,31 1.01E+01
500,00 0.999 1.04 3452 35.57 1.27E401
600,00 1.000 1.05 30.99 22.04 1.57€+01
7006.00 1.000 0.90 28419 29,08 1.90E+01
860.00 1.000 0.78 25.8¢ 26.64 2e2hE4+01
900.00 1.000 .69 24,03 PLe72 2.65E+01
1000.00 i1.000 eb7 22.+5665 23.32 2.06E+01
1200.00 1.0080 .57 20.75 21.32 3.96E+401
1500.,00 1.000 t.406 18.42 18.84% Se47E+01
1700.,00 1.000 f.u1 17.30 17.71 E.56E+01
2000,00 1,000 0.00 16.22 16.22 B,33F+01

2500.00 1.000 0.00 14.2¢ 14.2¢ 1.16E+02
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ARSORBERseee e CALCTUM
IONOOOOOQQOALPHA'pARTICLES
ENERGY E 7EFF SN(E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON) /(GRAM/CCM) MICRCN®*GRAM/CCM
0.10 0.040 33.85 1.53 15,38 L,25E-03
D.15 0.049 37.02 1.87 28.90 C«60E-03
0.20 0.056 39.74 2.16 41,90 6.83E~-073
0.30 0-069 “?.99 2.65 Q506Q Q.liE’ﬂ3
0.70 0.105 43,16 L,05 €2.20 1,72F-02
1.90 0126 43.87 GoRL 54470 2.28E=-02
1.50 0154 49,?2¢ 5,92 55.19 3,10F-02
2. 00 0.177 L8,52 EeBY E5.46 4.09E=-02?
2.09 0,217 45,982 8,38 E4,30 5eG1F-07
5.00 0.279 1.01 10.82 51.82 2,68€-02
7.00 0.330 27.2¢€ 12.80 50.,0€ 1.36E-01
10.00 0,393 32435 15.30 L7.£85 1.88f-01
15.00 0.478 ?6H.G7 18,74 45,70 3.05F~-01
20,00 0.548 23.00 21.€3 Lt .6h L.16E~-01
30,00 0.663 18,69 76,50 u5,19 fFe39E~-01
50.00 0.835 13.332 34,21 47 .54 1.07€+00
70,00 0.965 11.16 Lo L7 S1.64 1.48E+00
100,00 1.115 3,06 43,38 56,44 24028400
150.00 1.294 Qelsi 59,25 £5.686 2.85E+00
200.00 1.422 4,95 68441 72,37 2.957E+400
300,00 1.593 3e62 82.79 BR7 o1 L,B1E+0D
400.00 1.701 2499 95,4¢ 98,48 5.88F+00
500,00 1.772 2435 102.13 104.49 €E.87E+0D
600.00 1.824 1.92 105,16 107.08 7.81E+00
700.00 1.861 1.97 106403 108.00 R, 7LE+DD
800400 1.839 1.71 106,29 108,00 C,6HE4+0D
900,00 1.910 1.48 105,52 107.01 1.06E+01
1000.,00 1.926 1.30 104,21 135.51 1.156+01
1200.00 1.949 1.03 1i01.98 103.061 1.35E+01
1500.,00 1.970 1,02 97.12 98.14 1.64E+01
1700.00 1.978 0.90 93,31 S4,.21 1.85€+01
2000,00 1.986 0.76 BR,2¢ A9,.02 2.18E+01
2500.,00 1.993 0.66 80.72 81.38 2.77E+01
3000.00 1.99¢ 0.55% T4Hel 74496 2eb41F+01
3500.00 1.998 f.u8 58,90 3,38 L,10E+01
4000.00 1.999 D5 . Bbul,13 6La58 L.,85E+01
4500.00 1.999 D00 60,42 B0e42 S5.695E+01
5900.00 1.9909 0.00 56,80 56.80 €.50E+01
5500-00 2.00¢0 0.00 53.63 53463 7T.41E¢01
6000.00 2,000 0.00 50.82 50.82 8.37E401
6500.,00 2.000 0.00 48,32 48,32 Q,3RE+01
7000.00 2000 0.00 46,08 46.08 1.04E407

7500.00 2.000 0.00 Lu,0¢€ 44.0¢€ 1.15E+0°?
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ABSORBEResee s CALCIUM

ION.....--.C’12 RECOILS

ENERGY E SNAE) SE(E) STLEY PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRCN®*GRAM/CCM
0.10 26.68 2el45 29.13 5.38E-03
0.15 30.50 3.00 33.50 6.S7E-03
0.20 KIS Jelsb 2e.C0 84.39E~-03
0.30 37.72 be24 hb1.66 1.09E~-02
0.50 42,99 5.47 LB.4E 1.53E~02
0.70 46.85 Be48 53433 1.92E=-02
1.50 Shells 9.48 €E3.E2 3.28E-02
2.00 56.61 10.95 €E7.56 L.04LE=-02
3,00 58,79 13.41 72.20 S.L7E-02
5.00 58,52 17.31 76,83 8.12€E-02
7.00 59.09 20.48 79.57 1.07e-01
10.00 56485 24,48 1,22 1.44E-01
15.00 5206q 29.98 82.67 2.05E~-01
20,00 49,05 J4.61 : B3, €7 2.65E-01
30.00 43,36 42,39 85, 7€ 3.83E-01
50.00 35.17 54473 89,90 6.,12E-01
70,00 29,35 6L4.76 94.10 , 8.,29E-01
100.00 2hol? ’ 7740 101.87 1.14E+00
150,00 19,31 Q4,79 114.11 1.60E+00
200,00 15.69 109.46 125415 2.02E+400
300.00 12.38 134.06 1464 4l 2.75E+00
400.00 Qe b2 154.80 164,22 3.,40E+00
500,00 8.79 173.07 181.8¢ 3.98E+00
600,00 7452 189,59 187.11 4,50E+00
700.00 £453 204.78 211,21 4+,9CE+00
800,00 6,08 218,92 225.090 5.45E+00
900,00 5.51 232.20 237,71 5.88E+00
1000.00 5.02 . 244,76 249,78 6.29E+00
1200.00 L.24 2€8.12 272436 7.06E+4080

1500.00 .72 299,77 303.48 8.10E+00




ABSORBER, s e s CALCTUM

ION-.».-...N‘i“ RECOILS

ENERGY £ SN(E) SE(D) ST(E) PATHLENGTH
KEV (KEV/MICRAON) 7 (GRAM/TCCM) MICRCN®CRAM/CCM
0.10 37.88 2.58 35.46 Louwl1E=-Q2
0s15 3fa,.01 3.16 41417 5.71E-13
0.20 41,57 2,65 45,22 6.87E-03
0.39 LE,91 Laol? 51439 8.,93E-07
0.50 55.08 5.77 60.25 1.26E-02
0.70 59,08 6,83 £5.C1 1.5RE=02
1.00 6u016 8.16 72.32 ZOGOE-OZ
1.519 6QQ98 10.00 79.57 2.E9E-02
2.00 72.88 11.54 BL, 42 3.26E=02
3.00 75030 14.14 CQl4 44 “.“DF-DZ
5.00 80.25 18.25 Cg.20 6.51E-32
7.00 79,06 21,60 100.€6 8.51E~02
10.00 7738 25.81 102.20 1.14E£-01
15.00 72.05 31062 10“-67 1.62E’01
20,00 6R.78 36.51 10%.28 2.10E-01
30.00 61.91 L ,714 10€.€2 3.05€E~01
50.00 50,79 &7.72 ip8,c2 Le.91E-01
70.00 L3.76 68,30 112.06 6.72E-01
100.00 36456 81.63 118.19 9,23F=-01
150,00 29,14 99.68 126.12 1345400
200.090 24,33 115.44 130,77 1.71E+00
300,09 19.40 141.39 1e€. 70 2.33E+30
400,00 15,33 1€3.2¢ 178.59 2.C7E+00
500,00 12.34 182.53 194,87 3.50E+400
600.00 11.93 1949.¢c¢ 211.2% L.O0E+QD
700,00 10.49 215.98 22E. 46 LeW5E+DD
300.00 2,29 220.89 240,18 LofRESX]D
900,00 8.35 244,89 252424 5.29E+400
1000.00 7.98 258.14 26E .13 5.67E+070

1200,00 6.83 2R2.78 28%.¢1 6.33E+00




ABSORBERe s e+« CALCIUM

ION..-ooaooO’lG RECOILS

ENERGY E SN{E) SE(E) ST(E) PATHLENGTH
KEV (KEV/MICRON)Y 7 {GRAM/CCM) ‘ MICRCON¥GRAM/CCM

0.10 ) 60.11 2470 62.81 2.48E-03
0.20 7f .66 3.81 8047 3.87E-02
0.30 86499 L.e? 91.€6 5.03E-03
0.50 101,48 6,03 107.51 7.04E-D2
0.70 109,76 “7.13 1164.€0 8.80E-03

1.00 120,33 8453 128.85 1.12E-02
1.50 131.13 10.44% 141.57 1.48E=-02
2.00 138.11 12006 150.17 108‘55‘02
3,00 146.95 14.77 161,72 2e48E-02
5.00 154,20 19.07 172.26 3.€7E=-02
700 154,21 22456 : 17€.77 L.30E-Q2

10,00 153.48 26.97 180.37 - BeUBE~-N2
30.00 126,69 Le.T1 173.40 1.77€~-01
50.00 107 .32 60,30 167.€2 2.95E-01
70.00 93.69 71.34 165,03 L.16E-01

100.00 77.63 B5.,27 162.¢0 5.9G9E-01
150.00 £62.96 104.44 1€7.40 9,.,02E-01
200.00 53433 120.60 173.23 1.,20E+00
300,00 40.27 147.70 187.¢€7 1.75E+00
400.00 35.02 170.55 205.56 2,26€+010
500.00 28.84 190.68 21G.52 2.73E+00D
600.00 24s11 2(08.88 " 232.99 3.17E+00
700.00 23.81 225.€1 24%e 43 3.5CE+08
800,00 21.38 241.19 262457 - 3.98E+080
900.00 19.27 255.82 275.09 L+ 35E+00

1000.00 17.49 269,66 287.15 4,70E+00




ABSORBER«s oo« CALCIUM

ION.....-..F-iq RECOILS

ENERGY E SN(E) SE(E) ST(EY PATHLENGTH
KEV (KEV/MICRON) / (GRAM/CCM) MICRON*GRAM/CCM

0.10 61.06 2472 €3.78 2.43IE~02
0.15 , 70463 3.33 73.%6 J.16E-02
0,20 78,33 3.85% 82.18 3.80E=-02
0.30 89,16 L,71 93,87 4,93E-03
0050 10“.0“ 6.08 110013 6.88E’03
0070 115.6“ 7.20 122.83 80605'03

1.00 124,84 8.60 132.45 1.08€E=02
1.50 137.11 10.54 147.€4 1.45E=02
2.00 145,29 12.17 157,45 1.77E=-02
3.00 155,40 14.90 170.30 2.38€=-02
.00 16440 19.24 183.€8 3.51E-02
7.00 169.77 22.76 182.53 L.57E-02

10.00 167 .63 _ 27.21 124,84 6.11E-02
15.00 163447 33.32 18€.79 B.EEE~-D2
20.00 157.10 38.48 185.58 1.12€-01
30.00 144,55 47.12 191,€7 1.,64E-01
50.00 125.20 60.83 186402 2.70E-01
70.00 109.29 71.68 181.27 ' 3.7CE-01

100.00 93,40 86403 179443 5.45E=01
150,00 76.00 105.37 181,37 8.24E-01
200,00 BloBh 121.67 186451 1.10E+400
300,00 50,27 149,01 19¢,¢¢9 1.62E+00
400,00 4043 172,07 212.50 2.,10€+00
500,00 26.91 192.38 22¢,28 2.55E+00
500,00 21 .42 210.74 242,16 " 2.98E+00
700.00 27.02 227.62 25L,EY 3.38E+00
800,00 23,71 243,34 267.04 3.76E400
900,00 24.56 258.10 282.€86 Lo13E+00
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ABSORBER«os e« CALCIUM
ION‘O.Q....S-32 RECOILS
ENERGY E SN(E) SE(E) ST(E) PATHLENGTH
KEV ) (KEV/MICRON) 7 (GRAM/GCM) _ MICRON®*GRAM/CCM
.10 £5.66 3.23 €8,89 2e?5E=03
0.15 76.38 3.086 80. 34 2.,92E-03
030 Qa7.09 5.59 102.€9 4 55E-03
0.50 116.29 7.22 122,51 6e32E-03
0.70 129,25 B455 137.80 7.85E-023
-1.00 143,59 10.21 152,81 9,83E-03
1.50 163.37 12.51 175,88 1.20E-02
2.00 173.92 14.45 188.37 1.5€E=-02
2.00 182.89 17.69 210.58 2.06E=-02
5.00 213,54 22.84 236,28 2.96F=02
7.00 225.52 27.03 252.55 3.77E-02
10.00 234,46 22,30 2€6.76 4.92E-02
20,00 2L3 .63 45.68 289,31 BeslUEF=-02
30,00 : 241.57 55.¢5 207.52 1.1CE~-01
50.00 225.78 72.23 298,01 1.88E-01
100.00 191.83 102.15 293.98 J3.556-01
150.00 165.32 12%.11 290.42 5.26E-01
200,00 147.19 14LJ4H 291.€5 6.8¢E-01
300.00 118.57 176.93 295,49 1.04E+400
400.00 102.82 204.30 107,12 1.37E+00
500.00 G0,.81 22R.41 319,22 1.69E400

600.00 81,41 250,21 - 331.€2 2.00E+00
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