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ABSTRACT . ~ ' !

Values of the electronic stopping power for projectiles from

o A M 6 o

carbon to uranium in elemental targets from hydrogen through the i

transuranic elements at the Bohr velocity, v_ = ezfﬁ, are presented 54

o
in sets of tables. The stopping powers were calculated within a Y

modified Firsov model. An algorithm for determining the stopping ]

power from v = 0 to v = 3 to hvo is discussed. The stopping powers,

as obtained from this algorithm, are compared with an extensive

collection of experimental data.. The results are presented in a

-i . series of graphs.
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INTRODUCTION

This report presents the results of some theoretical
investigations to determine methods of calculating the electronic
stopping power of iow-velocity, heavy ions in all elemental target
materials. Our main result has been to use the Firsov modell,
modified to employ Hartree-Fock wave functions which reflect the
atomic structure of the free atom, in determining Se for all
projectiles from carbon through uranium in all elemental targets
from hydrogen through the transuranic elements. Tables of these
values for Se at v=v (vb-ezﬁb-2.7188 x 108 cm/sec.) are presented
in this report. Part of these results have been previously published2
but are included here for completeness. In the course of our
investigations we have tfied‘to apply this basic model, with
additional modifications, such as varying the charge séates of the
projectile, to determine Se for all projectile velocities to about
v=3 to avo. But no consistent method which gave results that agreed
with experimental data could be found. We have therefore proposed to
use the scaling law for stopping powers at higher velocities,
§-2 to 3vo, the modified Firsov model with Se velocity proportional
to apply for vV,
Comparisons have been made of the results of this algorithm with as

and a straight line extrapolation between.

many data sets, which are in themselves.extensivé, that were known
to us. The results of these comparisons are presented in a series
of graphs. COmparis;né with the Lindhard-Scharff model3 for S, are
also shown. This collection of data is of considerable interest in
itself. Our algorithm shows generally good correlation with the




L . data. The conclusion contains a discussion of some of the theoretical
problems associated with this method.

e

l- Thg'need to know accurate stopping powers arises in many

o e e e
s L i

l‘ contexts. Ion implantation has become an important technique for
altering the surface of materials in connection with device
1 fabrication and in improving their resistance to weéar and corrosion. Ij

Another example consists of the study of the radiation damage pro-

‘ duced by the interaction of particles with the containment walls ﬁ
I of nuclear reactors. A third example concerns the increasing use |
of ions heavier than helium in surface layer analysis. The present 3

L work is intended to provide more accurate values for electronic

, stopping powers for all projectile and target atoms than is presently
available from the low-velocity statistical theories.

L -

—
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ANALYSIS

The electronic stopping power Se for projectiles with velocity

v 212, 3v° is frequently obtained from the well-known formula of

Lindhard and Scharff,

S, = t8ve’a_(2,2,/2) (v/v,) , [¢h)

where 21 and Z, are the atomic numbers of the projectile and target,
respectively, 5-211/6. Z-(212/3-+ 222/3)3/2, and a, is the Bohr

radius (abnhzlmez). There is a second result for Se which is also

9 et. al. and based on a model

widely used, first written by Teplova
of Firsov for the average excitation energy as a function of impact

paiimeter in a colligionvinvolving heavy ions:

S, = 5.15 x 10‘15(zl+zz) /v, - o (2)

This form is restricted to projectile and target éombinations whose
atomic numbers do not differ by more than a factor of four. Both of
these models use the Thomas-Fermi free atom densities. While the
Lindhafd—Scharff result in particular produces reasonable values

for Se throughout the periodic table, neither form explains certain
features of the experimental data. The data show that Se is a
periodic function of either Z, or Z, for constant projectile velocity,
in contrast to the predictions of Eqs.(l) and (2) which indicate a
smooth behaviour. The data also sh&wﬁ that, for many projectile-

target systems, S, is not a linear function of velocity in the low-

L
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velocity region, as is predicted by Eqs. (1) and (2). Improvements
in the models are required to obtain values for Se of greater
accuracy.

The present tables relate mainly to the dependence of Se R 2
or 22. The observed periodic structure of Se on Z1 or 22 has been
attributed to a corresponding periodic structure in the atomic
densities. The use of wave functions which incorporate the effects
of atomic structure, such as Hartree-Fock wave functionsg was first
suggested by Chesire and Poate and by Bhalla, Bradford, and Reese
in calculations of Se within the context of a modified Firsov mode15’6.
Good qualitative results pertaining to the 2y dependeﬁce were
achieved in calculations for differiné projectiles in carbon, i
particularly as regards the positions of the maxima and minima of
the stopping-power c;rves. These data were taken at Aarhus. 1In a

second application relevant to the Z, dependence, the modified Firsov

oy

model was successfully used to correlate values of Se inferred from
measurements of range distributions made at the Naval Surface Weapons
Center for 800 keV nitrogen ions in a wide variety of target

6-8

materials Thus the agreement for both a Z; and Z, dependence

is quite satisfactory. -

T —— PR~ -

With this success it was of interest to apply the modified i

; Firsov model generally throughout the periodic table to obtain
improved values of Se over those predicted by Eqs. (1) or (2). 1In
| the present authors' view this model has distinct advantages in that

the structure of the projectile ion as well as that of the target

n atom can be taken into account, including the possibility of . 4

I; considering different charge states for the projectileg. However

e — vy Piads T TP memepteen e - b e gpege s
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l this model has the disadyantage that its physical basis is somewhat
obscure and consequently it is difficult to establish corrections
]' on a fundsmental level. Nevertheless, the Firsov model with the
Thomas-Fermi atomic densities leads to values for S, which are ;
| l- close to those péedicted by the Lindhard-Scharff result of Eq. (1).

l 1f the Firsov model is evaluated witﬁ the Firsov plane placed at
the potential minimum, reasonable agreement between these models

j. is obtained without a restriction on the projectile and target

numbers. Because of this consistency and because of the successful

correlation with experimental data, we conclude that the modified

P Firsov model provides values for Se which are more accurate than any

which are currently available.

In the modified Firsov method the stopping is calculated from '

I the expression, . L S

= 2/3 7%m vZZaia mn]‘ ?1 x !
inl
3

x f dr r(r2 ai b§)3/2 nl(r) N ‘
\» ] aibo . F

in which the summations are over projectile and target atoms(i) and

nl

over the electronic orbitals (nl) of each; wg is the electron

}_ occupation number of the ith orbital, v?l the electronic velocity,

nl
Py

plane which divides projectile and target atoms, and b, is the 5

the electronic density, ay the fractional position of the Firsov

minimum impact parameter. The position of the Firsov plane is

—

located at the potential minimum for each projectile-target system

vhen the two particles are at the separation bo‘ The electronic




velocities and densities were obtained for the ground state of the
singly ionized atomic projectile in the range Z < 54, from che wave
functions given in the tables of Clementi and Roettilo.

For atoms whose atomic number is greater than 54, relativistic
corrections are known to be significant in some applications. We
obtained the relativistic wave functions from J. Mann of Los Alamos
Scientific Laboratory (LASL) and calculat~.: stopping powers using
these functions for target atomic densities, Z, 2 54. A comparison
of these results with those obtained by using non-relativistic

Hermann-Skillman wave functions11

showed that, although contributions
from individual electronic shells might differ by as much as 20%,
the stopping power of the target differed by less than 5%. For
projectile ionms, 212: 55, we used the Hermann-Skillman wave functions.
Stopping power values for such heavy projectiles at low velocity are
of less practical importance and would not justify the use of
relativistic ionic wave functions which would have required much
more computer time. In addition, the uncertainty in the exact nature
of the charge-state distributions of the projectile introduces greater
uncertainty in the stopping powér values than does the absence of
relativistic corrections. In summary our tables have been calculated
using relativistic atomic wave functions for Z, 254, but using non-
relativistic ionic wave functions for the entire range of Z,.

In order to correlate the model predictions with the data, it
is necessary to consider bo’ the minimum impact parameter, as a
parameter of the theo¥y. The value of this parameter was chosen to

give the best correlation for the nitrogen data and was found to be

2.11 a.u. This is the value used in the calculations reported here.
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While gengrally good agreement of the predicted yalugs of Se
with experimental values is obtained, systematic discrepancies are
noted for light projectiles. For lithium projectiles we require
the larger value of 2:7 a.u, to correlate the data, and for
incident protons we need a much larger value just to get rough
numerical agreement. The functional dependence on Z, in this case
is poor. We conclude that this model is not useful for light
projectiles and hence we limit the results to projectiles having
21 2 6. For target atoms we do not find a similar restriction.
However, recent work at NSWC using nitrogen projectiles on tantalum,
gold and lead targets do not seem to be in agreement with the pre-
dictions of the theory, especially with the predicted minimum of Se
for the gold target. It may be found that the theory breaks down
for very heavy target atums but no conclusions can be drawn at this
time with so few data points. While there is no reason that bo
should be constant, as we have assumed here, the correlation with
the data, apart from the exceptions noted, suggests that this is a
reasonable and useful working hypothesis.

An important consideration concerns the region of projectile
velocity and energy for which these results are appliéable. While
there is experimental evidence that Se is not velocity-proportional
even at low velocity (v < bb)' the data can be correlated reasonably
well in this region by assuming a linear dependeﬁce on velocity.

But for v > Vg sha;p breaks from linearity frequently are observed.
This is discussed in Ref. (9) in which variable projectilé charge
states were considered within the modified Firsov model in an attempt

to find a model for Se applicabie to a wider velocity region. We

concluded that the modified Firsov model in general can produce
8
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reasonable values for S, only for v ¢ v, with the agsumption of
velocity-proportional sﬁopping. |

However, values of Se at v=v, which do reflect the observed
periodic structure at lower yelocities can be used to construct Se
for higher velocities. At sufficiently high velocities the electronic
stopping for heavy ions can be related to the stopping for protons

by means of the scaling lawlz,

Se.z™ = (zyipdls, ), )

where S, p(v) and Se 2(v) are the stopping powers of incident

proton and heavy ion (atomic number Z) prdjectiles, respectively, at

the same velocity and where y_ and y are the effective fractional

P
charges of the proton and heavy ion, respectively (both functions

of the velocity). This law can be used for velocities higher than

some value, say V- For velocities between v and v

o c’ the stopping

can be obtained by connecting with a straight line the stopping at

v=v, with the stopping given by the scaling law at v=v,- Below v=v,

the stopping is found from theAvalue at v, assuming velocity

proportionality. This simple algorithm generally pro#es quite useful.
The physical explanation of the scaling law may be viewed as
follows. As the velocity of the projectile is increased it loses

more electrons. At some velocity A above v_, the projectile has

o)
lost all of those electrons which give to Se a periodic structure
at low velocities. Above Ve the ion behaves like a structureless
particle with charge (Zl-n), where n equals the number of electromns -

which have been removed. Thus the stopping power may satisfy the

Ly
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scaling law above v However, there is evidence that the critical

e

velocity, v,, is Z, dependent. We find for the most systems that

c'
this algorithm produces reasonable agreement with the experimental
data under the assumption that vc=52vb. However, the data obtained
by using uranium projectiles is fitted better by assuming that
V. ® v,

An explanation of the 2 dependence of v, can be offered.

c
Suppose that the number of out=~r electrons, n, which are responsible
for structure effects and which are removed if the projectile
velocity exceeds V., can be quantified as those which make
significant contributions to S, at v=v,, within the framework of
the modified Firsov calculation. To be more specific, we may define,
arbitrarily, that these electrons are characterized by the fact that
tﬁe& provide at least 1% of the calculated value of Se at v=v,.
UQing this criteri&n we have determined the number of such outer
electrons as shown in Table I. The abrupt changes in n at certain
values of 2, should not be taken too precisely since a slight change
in the arbitrary 1% criterion would shift these transition points.
However, if one considers these values as approximatgly correct, one
sees that n increases with Z;, but does so in an oscillatory manner.

Among the heavy projectiles, uranium is seen to have about twice as

‘large an n value as the other heavier ions for which we have data(halogens), .

which explains qualitatively why one must choose v, to be larger to

c
accomodate the uranium projectile data. Unfortunately there is a
scarity of experimental data for 2; 2 30, so the model must remain

unproven until more data is available.

10




RESULTS

The values for Se which have been calculated here are presented
in a large set of tables (formally Table III). The electronic
stopping power is given at the velocity v=v,. Values are listed in
two groups, the first for target atoms with 1 < Zz'S 54, and the |
second for targets with 55 < Z, = 102, In appendix I we give an
example of how to use the algorithm to construct a stopping power
curve valid at higher velocities.

In order to compare the results of the theoretical algorithm
with experimental data, we present in appendix II a series of graphs
showing the data along with theoretical curves representing the
modified Firsov prediction joined to the scaling law at higher velocity.
The Lindhard-Scharff values of Eq. (1) are also given. These graphs
are arranged in a Z; versus ZZ matrix with generally nine to a page
and, in total, contain nearly all of the results of systematic
studies of low-velocity electronic stopping known -to us.

While there is considerable stopping data available, the vast
majority relate to a relatively small number of projectiles on a small
number of targets. As discussed above, we are not coﬁsidering the
vast amount of data for the lightest projectiles. Extensive data
sets exist for projectiles with ZI'S 20 in a standard set of elemental
targets, which include carbon, aluminum, nickel (and sometimes copper),
silver and gold13. Extensive data also exists for light projectiles
(21 € 13) in the noble gasesla(excluding radon) and in niérogen and

airls. The remaining extensive data sets include the halogen

projectiles, chlorinels. bromine and iodine, and uranium projectilesl7

in the standard solid targets. There is, of course, numerous data
' 1l

, et : .
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for isolated Z; in Z,. Data of the Chalk River group (Macdonald,

Ormrod and Duclcworth)18 include boron targets. Data from Aarhus
includes projectiles up to yttrium in carbon, Data from NSWC
for nitrogen projectiles on many solid targets through tellurium
is also available.

Recent data from Chalk River (Ward et al.)1? for projectiles.

6 < Z) £ 20 in the standard solid targets at v = Vv, show an
interesting phenomenon concerning the Z1 oscillations: the amplitude,
but not the period, of these oscillations depend upon the target
material. The present calculations do not display this feature.

The experimental data are presented following the above outline.
First we consider light ions incident on the light and heavy solid
targets. Next we show the electronic stopping values for the heavy
ioﬂs, the halogens and uraﬁium,Aon light and heavy solid targets.

The next set of graphs show the light ions incident on gaseous ¢
targets, On the next two pages we display the results of nitrogeﬁ

prbjectiles on solid targets, the data from NSWC.. This is followed

by a set of graphs of electronic stopping of a variety of projectiles %
incident on carbon, the data from Aarhus. The next page contains ' Co
some miscellaneous results. Finally the last two grabhs highlight
the 2, oscillations in carbon and the Z, oscillations of nitrogen
projectiles at fixed velocit&.
| Certain observations and conclusions can be deduced from these
graphs.

1. 1In many cases the Lindhard-Scharff values are clése to the
modified Firsov values at v=v, . However, for the great majority of -
these cases as well as for those cases where the two theoretical

values differ significantly, the modified Firsov value is a closer

fit to the data than is the Lindhard-Scharff value.
12




2. The extrapolation procedure described previously which

joins the modified Firsov value at vV, to the scaling law predictions
above 2v, seems, in spite of its ad hoc character, to be a very
reasonable way of interpreting the majority of the experimental
data.

(a) This procedure predicts correctly that the stopping
power increases less rapidly than a linear dependence on velocity
for carbon projectiles, predicts an approximate linear dependence
on velocity for the stopping powers of nitrogen and oxygen
projectiles and predicts the observed superlinear velocity
dependence of the fluorine, neon and aluminum stopping values.

(b) The method predicts the relationship between the higher

velocity stopping values, obtained by Moak and Brown17;‘for halogens

- and uranium projectiles on the standard solid targets, and the

values up to Vo for these cases. Unfortunately, low energy data
is available for only one of these cases, that of bromine on carbon,
but here, the agreement is quite reasonable.

3. The cutoff in velocity for extrapolating from the scaling
law behaviour to the region bélcw Vo, is higher for uranium
projectiles then is required for the other projectilés for which
experiment data are available. To get the best fit to the uranium
data, we chose a cutoff of 2.8vo compared to a value of 2v° for
all other projectiles that we have shown. As discussed above, it
would be very interesting to have data for those projectiles which,
like uranium, have ; large number of ‘'‘valence" electrons;

4. The data on aluminum and magnesium ions incident on helium

would seem to suggest that these ions are almost entirely doubly

- i

Py




ionized even at a velocity of Voo This is also suggested by the
data on magnesium ions incident in air,

5. The good agreement between the experimental values of Se
at v=v, and the theoretical calculations of the modified Firsov
model seems to be independent of whether the target is a-solid or
a gas. There does seem to be a tendency for the Qelocity dependence
of Se to be generally superlinear for all projectiles in gas targets
(except for helium), whereas the velocity dependence for the
corresponding projectiles in solid targets varies from sublinear to
superlinear depending on the projectile identity,

In order to estimate the improvement obtained with the present
modelling for Se» We consider several data sets and compute the
average of the absolute values for the fractional error between
the experimental and theoretical values. That is, if t; and e;
are the corresponding theoretical and experimental values, respectively,

we compute the quantity

=1 * | ®

for each data set. We consider the electronic stopping as obtained
from the Thomas-Fermi atomic densities, as implemented by Eq. (1)
and as given by the set of values reported here, in which we have
made use of the receipt descriﬁed above where the data extends to
velocities v > Vo- The data sets we have considered along with the
fractional errors are listed in Table II. We note that in all cases,
the use of Hartree-Fock densities rather than the Thomas-Fermi

densities in computing S. offers improvement in correlating

= PN
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theoretical values with experimental data. The overall unweighted

average of the errors for the six data sets considered is 35% for

the Thomas-Fermi density calculations and 177% for the modified

Firsov calculations, This, perhaps, may be tak-=n as an indication

of the overall error inherent to each model. These data include
j- both solid and gaseous targets; No significant difference in the ‘
ability of this model to predict the electronic stopping of solid

1~ and gaseous targets can be seen.

e e




GENERAL DISCUSSION AND CONCLUSIONS

This report presents values of the electronic stopping power
at the velocity Yo calculated from the Firsov model modified to
include realistic atomic structure. These values have been used
together with the scaling law for Se appropriate at higher velocities
up to 3-4v°.- Comparisons of these stopping power curves with a
cousiderable body of experimental data show generally good .
consistency. We conclude that the model and predictions presented
here are the best approximations to experiment available at this time.
However, more experimental data are needed to test this model,
especially for heavy atoms, Z 2 54, for which very little data exists,
with the exception of uranium as a projectile and gold as a target.

Despite the success of this model in correlating data, it has
some significant deficiencies. The physical basis and assumptions
from which the model is derived are obscure and, consequently, it
seems difficult to improve upon the model on a fundamental level in
a systematic way. We had noted earlier that the unmodified Firsov
model can produce numerical values that are consistent with the
predictions of the Lindhard-Scharff model, which in turn correlates
with the data in an average sense, with respect to the Z1 or 22
oscillations., However, in iﬁplementing the present approach, there
are two significant departures from the original model. The first
is the use of -the expression for [(T)]llz, where T is the kinetic
energy operator, fr&m which the atomic orbital velocities 'are obtained.
This procedure gives the root-mean-square value for the velocity

rather than the average velocity given by v =A{k)>/m. The

ave
16
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other is the use of a non-zero minimum impact parameter, required
s0 that the model does agree with experiment. The root-mean-square
formula gives values for the velocity of the outer orbitals which
are considerabl} larger than those obtained from the average
velocity. Hence the need for a non-zero bo‘ However, the happy
result of these circumstances is that considerable weight is given
to the contributions to Se from the outer orbitals from which the
periodic structure that is observed in the data arises. Thus the
present implementation which also corresponds to the work of
Chesire et. al. and to Bhalla et al., may be regarded as a physically
different model from the original Firsov model. The implications of
the use of the average velocity are presently under study by Cruz

20

and his colleagues®” who are attempting to provide a more concrete

physical basis for the Firsov model. A justification for the use of

& minimum impact parameter was provided by Dc-mk:I."4

. This author
suggested that atomic orbitals whose velocities exceed the projectile
velocity should not contribute to the stopping, similar to the more
familiar argument of an adiabatic limit on the distant collisions for
high-vilqcity projectiles.

Innthe present authors!' view future efforts on this problem lie
more profitably in exploiting the theory of stopping for a free
electron gas developed by Lindhard24.This model offers several.
possible treatments of the target, as a free electron gas for
conduction electrons in a solid or as a free electron model of the
atom, either as free for a gaseous target or as bound for a solid

target. It also allows the inclusion of projectile structure.
Initial efforts in this direction by Ritchie and his co-workerszo

17
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applied to date only for light projectiles, p and He, are quite
Furthermore, this basic model allows for systematic

promising.

————
[ )
» s

improvements. Further research in this direction is continuing.
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TABLE 1
21 n
6 3
7 4
8 5
9 6
10 7
11 8
12 7
13 2
14 3
15 4
16 5
17 6
18 7
19 8
20 9
21 10
22 11
23 12
24 11
25 6
26 7
27 8
28 9
29 10
30 11
31 12
32 3
33 4
34 5
35 6
36 7
37 8
38 9
39 10
40 11
41 12
62 13
43 12
&4 13
45 8
46 9

21 n
49 12
50 13
51 4
52 5
53 6
54 7
55 8
56 9
57 10
58 11
59 10
60 13
61 10
62 9
63 10
64 10
65 10
66 10
67 10
68 10
69 10
70 10
71 10
72 11
73 12
74 13
75 14
76 13
77 14
78 15
79 16
80 11
81 12
82 13
83 14
84 15
85 I
86 7
87 8
88 9
89 10
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TABLE III :
i ELECTRONIC STOPPING POWER OF IONS
,
i
B |
L |
{
.




T

TARGEY
aTOMIC
NUNBER

-

«28
25
77
79
«76

70
.65
.82
+59
55

87
1.05
1.2%
1020
1,21

1.21
1.16
1.10
1.36
1.56

154
1.50
1.35
1.39

1.37
1,306
1.32
1.25
1.26

1,38
1.bbk
1,66
1.069
1.L9

1.67
1.75
1.98
2.01
2.00

1.87
1.83
1.89
1.78
1.Th

1.63
1.65
1.70
1.82
1.89

1.9
2.00
2.08
24Gh

L4

26
23
.’5
.78
75

69
« 6k
.61
57
+53

- 86
‘o.b
1.22
1,26
1.21

1.21
1.16
1.10
1.37
1.56

1.5%
1.51
1.68
1.36
1.0

1.37
1.35
1.33
1.2%
1.27

1.39
1,65
1.47
1.51
1.51

1.68
1.78
2.08
2. 86
2.9

1.90
1.85
1.92
1.080
1.76

1.85
1.67
1.72
184
1.92

1.97
2.04
2.07
2.07

ELECTRONIC STOPPING PON
STOPPING POMER (1E-1% EV-CH2)

MODIFIED FIRSOV METHOD

024
221
71
2 Th
72

5.1
+61
«58
56
51

.83
1.01
1.19
1.21
1.18

1.18
1.13
1.07
1e3%
1.53

1.52
1.49
1.45
1.33
1.37

1.35
1.32
1.30
1.22
1.24

1,36
Leb2
1 olele
1o08
1.48

1465
1.75
1.99
2.82
2.01

1.88
1.83
1.90
1.78
1.73

1.62
1.64
1.70
1.82
1.990

1.95
2.02
2.05
2405

L]

«23
obo
7
«69

Y13
«59
«56
52
o8

<80
«S8
1.15
1.1%
1.15

1.16
1.10
1.05
1.31
1.50

1.50
1.46
1.42
1.31
1.36

1.32
1.30
1.27
1.20
1.21

1.33
1,39
} 1Y Y4
1.05
145

1463
1.73
197
2.00
1.99

1.85
1.81
1.87
1.75
1.71

1.€0
1.62
1.67
179
1.87

1.92
1.93
2.03
2.03

PROJECTILE ATONIC NUFBER

10

21
.18
-85
68
«66

61
«56
«53
b9
1)

77
9%
1.31
1.16
t. ‘1

1.12
1.06
1.01
1.27
1e46

145
1.62
1.38
1.26
1.30

1.28
1.25
1.23
1.5
1.17

1.29
1.35
1.37
181
1okt

1.38
1.68
1.92
1.95
1:96

1.81
1.70
1.83
1.74
1466

1.55
1.57
1,63
1.75
1.83

1.88
1.9%
1.98
1.98

11

19
.’7
.sl
N3
l‘z

S50
.53
58
8 1
b3

73
+90
1.06
1.09
1.07

1.07
1.02

+36
1.22
1.0

1.60
1.3€
1.33
1.21
1.25

1.23
1.20
1.16
1.112
1.32

1.24
1.30
1 '32
1.36
1.36

1.33
1.63
1.8%
1.89
1 .°°

1.75
1.79
1.77
1.65
1.61

1.50
1.52
1.57
1.89
1.77

1.02
1.88
1.92
1.92

ER CF JONS AT VELOCITY V3

12

33
«23
.84
+86
« 2

«82
77
oTh
78
«66

.97
1.16
130
1.39
1. 38

1440
1.35
1.38
1.57
1.76

1.75
1.72
1.67
1.5%
1.59

1.56
$.53
1.50
1,42
144

1.56
1.€3
1.€7
1.74
173

1.7
2.02
2.27
2.3
2.30

2.17
2.13
2.19
2.87
2.03

1.91
1.43
1.98
2.0
2.18

2.26
2.3
2.35
2.36

13

o2
.39
'90
1,03
1'02

+98
.q!
.qa
+8€
81

‘.‘“
1.35
31.55
1.60
1.60

1.62
1.58
1.54
1.81
2.01

2.01
1.97
1.92
1.¢0
1.63

1.80
1.77
170
1.6%
1.€7

1.80
1.08
1.91
1.97
1.99

$.98
2.30
2457
2.6
2.61

2,48
2.4%
2.5¢
2.3¢8
2033

2.21
2,23
2.2€
2068
2.49

2.54
2.62
2.67
z. 69

i

I“g
6
1.13
1.19
1.17

1.13
1.08
1.04
2,00

b

1.31
1.53
1.75
1.8
1,81

1.84
1.80
1 .75
2.05
2.286

2.26
2.2
2-17
2.03
2.07

2.04
2.00
1.97
1.68
1.89

2.03
2.11
2.16
2.22
2.25

z.zb
2.%59
2.86
2.91
2.91

2.78
2.73
2.80
2.€8
2.€2

2.50
2.52
2.57
2.78
2.79

2.85
2.93
2.99
3.0¢

15

53
49
1.23
1.29
1.26

1.2¢
1.1é
1,11
1.06
1,01

1.40
1,64
1.88
1.9
1.9!

.36
1.91
1,86
2017
2.40

2.39
2.35
2.30
2.16
2.23

2.17
2.13
2.10
2.00
2.32

2.17
2.25
2.340
2036
2.39

2.38
2.76
3.03
3.08
3.08

2.94
2.89
2.97
2484
2.78

2.65
2.67
2.72
2.086
2.35

3.02
3.11
3.16
3.18

16

53
b3
1.27
1.3%
1.30

1.23
1.17
1.13
1.08
1.02

1.bb
1.70
1.95
2.0
1.99

z.ol
1.96
1.9
2.23
247

247
2,62
2.37
2.22
2.2%

2.23
2.20
2.1d
2.07
2.(8

2.20
2.33
2.37
z.““
246

2ok
2.82
3.12
3.17
3.17

3.02
2.98
3.05
2,92
2.85

2.73
2.75
2.80
219"
3.0

3.11
3.29
.26
3.28

18

51
o?
1.27
1.3%5
1.3?

1.26
1,17
1,13
1.08
1.T2

1.46
1.73
2.01
2.08
2.05

2.07
2.0°
1,93
2.22
2,55

254
2.49
2ol
2.2%
2.%2

2.29
2.28
2.22
2.12
2. 1“

2.31
24417
2445
2.51
2.53

2.51
2,92
3,26
2,29
3. 28

3.12
3.05
3,15
3,00
2.9

2.8%
2.82
2.88
.03
3.16

.21
3' 31
3.3,
3. 39

A ATl e




TARGEY
ATONIC
NUMBER

19

b8
chw
1.23
1.32
1.28

1.23
1.16
1.10
1.05

«99

1,43
1.70
1.98
2.05
2.03

204
1.97
1.90
2.26
2.%3

2.52
2.40
2441
2.26
2.30

2.27
2.26
2.20
2.10
2,13

2.28
2.38
2463
2448
2.54

2.49
2.90
3.22
3.26
3.27

2,10
3.06
3.13
2.98
2.92

2.78
2.80
2.86
3.01
3.12

3.49
3.30
3.36
3.3

«61
58
1.39
109
1.468

1.42
1.35
1.32
1.26
.20

1.64
1.92
2.22
2.30
2.29

2.32
2.27
2.20
2.57
2.86

2.83
2.78
2.73
2.57
2.61

2.57
2.5
2.50
2.39
2.40

2.58
2.60
2.73
2.81
2.86

2.83
3.286
3.59
3.6%
3.65

3.49
J.b3
3.52
3.%7
3.31

3.17
3.18
Je.28
3.00
3.5

3,58
3.69
3.7%
3.78

HOOIFIED FIRSOV METHOD

23

«58
«55
1.36
146
Lokl

1.38
1.32
1.28
1.22
1.16

1.60
1.88
2.47
2,26
2.25

2.28
2.22
2415
2.52
2.79

2.78
2.73
2.68
2.52
2456

2.52
2.49
2445
2.34%
2.%5

2453
2.63
2.69
2.7¢
2.79

277
3.20
3.54
3.60
3.60

3.63
3.38
3eub
3.31
3.25

3.11
3.42
3.18
3.36
3.45

3.53
3.64
3.78
3.73

22

«59
57
1.%7
1467
167

Lebl
1.3%
1.3
1.26
1.19

1.83
1.94
2.20
2.29
2.29

2.32
2.26
2.20
2,87
2.84

2,84
2.78
2.73
2.57
2.61

2.57
2.5
2,49
2.39
2060

257
2.68
2.73
2.81
2.06

2083
3,26
J.061
3,67
3,67

3.50
3.45
3.53
3.38
3.32

3,18
3.149
3.25
3.b)
3.82

3.60
3.71
3.78
3.00

PROJECTILE ATQMIC NUKBER

«58
o8
1.26
1.3%
1.34

1.28
1.24
1.18
1.43
1.97

1.50
1.77
2.05
2.14
243

2.16
2.10
2.03
z' “n
2.67

2.66
2.61
2.55
2440
2ol

2.40
2.37
2.33
2.22
2.23

2.40
2.51
2.56
2.64
2.66

2.6%
3.08
.41
.07
347

3.38
3.2%
3.33
3.18
3.2

2,98
2.99
3.05
3. 21
3.32

3,60
3.54
3,57
3.59

24
N

0“6 *

1.20
1.30
1.30

1.25
1.18
1.16
1.09
1.03

106
1.73
2.00
2.09
2.08

2.11
2.05
1.99
2.3%
2.862

2.61
2.56
2.50
2.35
2.39

2.35
2.32
2.28
2.17
2.15

2.3%
248
2.51
2.58
2.6%

2.60
3.02
3.35
3.41
3.01

3.24
3.49
3.28
3.13
3.87

2.92
2.9
3.08
3.16
3.27

3.34
3.48
3.5
3.8

ELECTRONIC STOPPING PONER CF IONS

STOPPING POWER

S
«51
1.7
1.37
1.9

1.%2
1.2
1.22
1.17
1.1

1.53
1.80
2.08
2.16
2. 16

2.20
2e 34
2.08
2.45
2.74

2.70
2.85
2.60
2 bie
2. 48

2.4
2ehil
2.37

26

53
50
1.24
1.36
135

1.30
1.23
1.20
1.45
1.09

1,51
1.77
2.05
2.13
2.13

2.17
2.11
2.0%
2.62
2.68

2.67
2.62
2.56
2.4%
2445

2.01
2.38
2.34
2.23
2.24

2.01%
251
2.57
2.5
2.67

2.66
3.08
3. b2
3.48
A Y ]

3.32
3,27
3.3
.28
3.14

3.00
3.082
3.07
3.23
3.36

J.61
.52
3.%9
3.61

27

N
olols
1.13
1.26
1.24

1.20
1.14
1.11
1.0%
1.80

1.40
1.66
1.93
2.02
2.01

2.04
1.99
1.93
2.29
2.54

2.54
2,49
2.43
2.28
2.32

2.28
2.25
2.21
2.10
2.2

2.28
2.38
2.43
2.51
2.54

2.53
2.94
3.27
3.33
3.33

3.7
3.42
3.28
3.06
3.00

2.86
.87
2.93
3.08
5.19

3.26
L $%.1 4
Jobb
.46

AT VELOCI®Y VO
(4€-13 €EV-Cr2)

28

4S
o3
1.11
1.21
1.22

1.18
1.12
1.08
1.93

.98

1.38
1.63
1.89
1.97
1.97

2.01
1.96
1,31
2.25
2.51

2.50
2445
2.60
2.25
2.28

2.25
2.21
2.17
2.07
2.0‘

2.25
2.34
2.40
2.47
2.50

2.49
2,990
3.23
3.29
3.29

3.13
3.08
3.16
3.02
2.96

2.82
2,83
2.689
3,04
3.15

3.22
3.33
3.39
J.01

29

43
ohd
1.37
1.18
1.19

1.15
1.09
1.06
1.04

«95

1.36
1.59
1.85
1.93
1.93

1.97
1.92
1.87
2.21
2.46

2.45
240
2.35
2.20
2.2

2.20
2.17
2.13
2.03
2400

2.20
223
2.3%
2.42
2445

2abe
2.85
3.47
3,23
3.23

3.07
3.02
3.14
2.96
2.90

2.77
2.78
2.84
2.99
3.09

3.17
3,27
3.%3
3.36

3.3%

31

o51
k9
1.24
1.38
31.32

126
1.29
1.6
1.11
1,905

.06
1.7%
1.98
2.06
2.06

2.4)
2.05
1.93
2.36
2.%9

2.59
2.5%
2.u8
2.33
2.3

2.33
2.30
2.26
2.1%
2.17

2.33
2,43
2,48
2.56
2.59

2.58
2.99
3.3
3.37
3.37

3.22
3.47
3.25
3.41
3.0%

2.91
2.92
2.98
3.43
3.2

3.3
3,03
J.08
3.50

T o s+




ELECTRONIC STOPPING POWER CF IONS AT VELOCITY Vo

MODIFIED FIRSOV METHOD STOPPING POWER (1E-1% EV-CNM2)
TARGE?Y PROJECTILE ATOMIC NU~BER
ATONIC '
NUMBER 3?2 33 34 35 36 37 38 39 N (%1 4?2 3 Lt
1 39 « bk 67 69 o780 70 T 1 .88 .81 .73 86 76
2 «56 61 «63 «65 «66 65 . .81 .92 -85 .77 «75 .81 .73
3 1433 1,63 150  1.57 1,61  2.62 1.81 1.95 1.90 1.82 1.73 1.85 1.75
b 2,63 1.53  1.60 1,68 21.72 1.74 1,96 2.12 2.L5 $.98 1.9, 2,82 1.91
5 1.43  1.52  1.58 1,65 1,69 1.70 1.9 2.12 2.04 1.95 1,92 2.00 1.69
6  1.38  1.467 1,52 21.58  1.61 1.62 1,87 2.06 1.97 1.86 1.8k 1.93 1,82
7 2.32  1.40 1.6 151 1456 1454 1,80 1,99 1,89 1.78 1.76 1.8L 1,73
8 2,29 1,37 1,42  1.47 1.50 1.50 1.76 1.9€6 1.85 1.7k 1.72 1,81 1.63
9 1.23 1.32 1.37 .42 1.04 1.4k& 1,70 1.89 1.79 1.68 1.65 L1.74 1.€3
10 1,17 1.25 1.30  1.35  1.37 1.37 1,63  1.82 1.72 1.60 1.58 1.67 1.56
t
11 2.59  1.68  1.75 1.82  1.86 1.87 2,33  2.33 2.24 2.14  2.3% 2,20 2.09
12 1.85 2,96 2,06 2,32 2.A7 2.19 2.46 2.67 2,58 2.48 2.46 2,55 2,47
13 2.13 2.25 2.34 2.43  2.49 2.52 2.81 3.03 2.95 2,86 2.83 2.83 2.51
1L 2,21 2.3 2,63  2.52 2.58 2.62 2.93 3.16 3.08 2.98 2.95 3.06 2.93
15 2,22  2.34  2.42 252 2458 2.61 2.€3 3.17 3.08 2.97 2,95 3.06 2.9
16 2,26 2.38 206 2e55 2.63 2.64 2.98 3.23 3.15 3.01 3.03 3.11 2.98
17 2.21  2.33  2.41 2.50 2.55 2.57 2.92 3.18 3.07 2.94 2.92 3,04 2.91
18 2.16 2.28 2.3 2.4L  2.48 2.50 2.86 3.13  3.00 2.87 2.85 2.97 2.8
19 2.%1 2.66 2.73  2.83 2,89 2.91 3,29 3.57 3.45 3.32 3,33 3.3 3.3
20 2.77 2.9C 3.05 3.11 3.17 3,24 3.59 3,89 3.77 3.6% 3,63 3.76 3,62
24 2.76 2.90 3.00 3.10 3.17 3.20 3.59 3.88 3.77 3.63 3.62 3.,7F 1,&2 '
22 2.7%  2.85 2.9% 3.04 3.11 3.14 3.53 3. 82 3.7 3.57 3.56 3,69 3.55 1
23 2.€6  2.79 2.B9 2.99 3,05 3.08 3,46 3.76 3.64 3.57 3.43 3.62 3.8 L
24 2.50 2.63 2.73 2,82 .88 2,91 3,29 3.57 3.45 3.32 3.37 343 I3 7
25 2.5 2.67 276 2.8 2.92 2.95 3,33 3,61 3.50 3.36 3.35 3.u8 3,34 i
t
26 2.51  2.63  2.73 2.82 2.89 2,92 3.29 3.57 3.45 3.32 3,31 3.6 .M |
27 247 2.60 2.69 2.78 2,85 2,88 3.2k 3.52 3.41 3.28 3,26 3.39 3.25 :
28  2.43 2.56 2.65 2.7 2.80 2.83 3.z0 3.47 3,36 3,23 3,22 3.3 .21 ‘
29  2.32  2.hb 2453  2.63 2.69 2.72 3.07 3.3 3,23 3,11 3.09 3.21 .08
30 2.33  2.45 2.54 2.6k 2,70 2.7T3  3.08 3.35 3.28 3,11 3.1) 3,22 .09
B1 2450 2.63 2,72 2.82 2,88 2,92 3.28 3.55 3.4b 3,32 3,31 3,43 T,
32 2460 2.73 2.83 2.93 2,99 3.0 3.40 3.68 3,57 3,45 3.u3 3.5 3,62
33 2,65 2.79 2.89 2,99 3.06 3.09 347 3.75 3,66 3,52 3.51 3,63 T.50
3b  2.76  2.87 2,97 3.08 3.1% 3.19 3,57 3.86 3.75 3.62 3.61 3.7+ 3,60
35  2.77  2.90  3.0C 3.11  3.18 3,22 3.61 3.91 3.79 3.66 3.65 3.78 1,65
36 2.76 2.90 3,00 3.40 3.17 3,20 3.€1 3,92 3,79 3,65 3.64% 3.76 3.66 :
37 3418 3,33 3.4% 3.55 3.63  3.68 GLo40  4L.43  4.31 418 4,37 4.31  L.17 i
38 3.51 3,66 378 3.91  3.99 .05  4.49  L,83  4.71  4.58 457  LeT72 keSS .
39 3.57 3.73 .85 3.97 4,06 b4e12 4.57 4,91 H.79 4.66 6465 681 Lo67
00  3.58  3.73  3.85 3.98 4.86 421 4,57 .93 .80 b.6C 4466  Le81  L.67
a1l Jek2  3.580 3.69 381 V.89 304 L4064, T5  0e€2  kee?  Lelb He62  Lob? ‘
82 337 3.853 3,64  3.76  TeBl 388 4. LeT0  4.56 461 L.0) 4,56 L.kt U
83 346 3.61 373 3.85  3.93 .98 Lohh 4,80 .66 4.51  LeSD  L.67 .51 :
Bl 3,31 3.47  3.58 3.T0 378 3.82 4,28  L.6L 6,50 4e3%  4e33 449 LM o
45 3,25 3.01 3,82 3.64 3.714 3.7% ho22 4.57 §e43 he2? 426 bob2 Lo27 Lo
3
46 3,11 3,26 3,37  3.89 356 3.60 4,06 bobl  4.27 L1017 4,26 4.t 1
O7 3413 3,28 3,39  3.51 3.58 3.61 4.08 6.03  L.28 412 beil 6427 4.12 i
»8 3.18 3.34 3.05 3.56 3466 3.68 helle beb9 4.35 Loll 4.18 b3 L.18 3.
09  3.3%  3.49  3.60 372 3480 B84k 6.31 666 4.52 4. 37  4e36 6452 43T 1
S0  Sebk 3,68 371 F.Bk  3.92  3.96  4.03 4.7 .65  4.69  4obd  4.65 4,50 ] ‘
S1 3,51 3,67 379 3,92  we80  6.84  4.51  L.B87  L.Th 438 458 W TH L.59 § .
$2 3,62 3.78 3.90 4he03 hed2 Y% 1] 'Yy 19 $.00 4.87 Le?72 b 72 6,088 L.73 i!
53 3.89 3.8 3.97 40 4019 b.24 hol2 5.09 496 4Lo80 “e80 4497 beB2 ' ;;
E 03 3.7 3.88 4002 §.23 he22 b 27 &.76 8.13 4.99 beBu Yy 1 8.01 4085 i
;‘ 3
$
2




ELECTRONIC STOPPING PONWER OF IONS AT VELOCI™Y VO
{ MODIFIED FIRSOV METHOOD SYOPPING PONEP (1E-13 Ev-CM2)

TARGET PROJECTILE ATONMIC NUMBER
ATOMIC
NUMBER .S L6 o7 (1 ] &9 50 51 52 £3 e
1 «80 71 «68 72 %44 -85 «51 «97 1.0C 1.93
2 77 «68 65 o2 oTh 82 «88 «92 «9¢ +98
3 1.79 1.67 1.62 1.67 1.73 1.863 1.92 2.0C 2.09 2.16
& 1.96 1.83 177 1.82 1.88 1.99 2.09 217 2.2% 2.33
L] 1.95 1.82 1.7?7 1.82 1.08 2.8% 2.99 2.16 2.26 2.3
6 1.88 1.75 1.70 1.78 1.82 1.93 2.03 2.089 2.17 2.22
r 1.80 1.67 1.62 1.68 1.7% 1.86 1,95 2.82 2.09 .16
(] 1.76 1.63 1.58 1.64 1.7% 1.83 1.92 1.98 2.06 2.40
9 1.69 1.57 1.52 1.58 1.65 1.76 1.85 1.92 1.99 2.00
10 1.62 1.49 1,45 1.51 1.57 1.69 1.78 1.84 1.93 1.96
11 2.15 2.82 1.96 2,02 2.09 2.21 2438 2.38 2440 2,52
12 2.%0 2.3 2.30 2.36 2elH3 2.%5 2.€3 2.7% 2.82 2.89
13 2.87 2.73 2.6b 2.72 279  2.92 3.02 3.11 3.21 3.29
14 3.00 2.85% 2.79 2.85 2.92 3.0% 3. 16 3.24 3.3% 3.43
15 3.01 2.85 2.79 2.8% 293 3.06 3.17 3.26 3.36 3. bk
16 3,08 2,90 2.80 2.90 2.98 3.12 3. 23 3.32 3,62 3.50
17 2.99 2.83 2.77 284 2092 3.06 3.18 3.27 3.7 3. b4
18 2.92 2.76 2.70 2.77 285 3.00 J. 11 3.20 3.3 3.38
19 3.38 3.22 3.15 3.22 J.310 3.65 3.568 3.67 3,78 3.86
20 3.7 3.54 L Y'Y 4 3.54 3.63 3.7¢ 3¢t 4.01 heo12 4.21
21 3.70 3.53 L 11'%4 3.54 3.62 3.77 3.93 431 bhold &.27
22 3,66 3.47 3.4° J.4? 3.56 3.7¢ 3. 8 3.9% & .05 H,14
23 3,57 3.40 33U 3.41 3469 3 .64 3.77 3. 87 3.58 407
2 3.38 3,22 3.15 3,22 3.30 34€ 3.58 X.62 3.79 3.87
25 302 3.26 3.19 3.26 3.35 3.560 3.€2 .72 3.83 3.91
26 3,38 3.22 3.15 3.22 3. 30 3.46 3.58 3,68 3.78 .87
b4 4 3.34 3.17 3012 3.18 3.26 J.41 353 3.E3 378 3,82
28 3.29 3.13 3.86 3.13 3.2 3.3¢ Jobel 3.58 3.€8 3.76
29 3.16 3.00 2.93 3.80 3.08 3.23 3.35 J.ki 3.5% 3.6%
30 3.16 3.01 294 3.01 3.09 3.24 336 3,45 3,89 3.63
31 3.38 3.22 315 3.22 3.30 J.bb 3.56 3.€¢€ 3.77 3.8¢
32 3. 50 3.34 3.27 3.34 3. 02 3.57 3.69 3.79 3.90 3.99
33 3.58 342 3.3% 3.2 3.50 3.6%5 3.77 2.87 3.98 L.O7
34 3.69 3.52 348 3.52 3.6 3.76 3.89 3.99 k10 Lo19
35 3.73 3.57 3.50 3.57 3.6% 3.81 394 kol h,15 b4
36 3.73 3.%¢ 3.49 3.56 3.6% 3.0 3.9% LGl ho16 &.2%5
h-14 be26 he09 bael?2 be09 Leld %1% L8 L,59 ho?s 4,84
38 4,68 b0 be2 8.50 “.59 L.76 Lot €,04 S.14 £.24
39 .76 5.58 H.51 h.58 4.67 & .85 &e %9 €.10 5.23 €.34
(3 boT7 58 451 4459 beb8 L .85 5.00 S.11 5.206 €.35
L3} 8.57 0,39 b,3% ».39 beld3 H.66 L.°1 L.93 5,06 5.16
b2 befl o33 4,25 4,33 8,63 4.618 4,75 L, 87 5,00 £.12
L3 4462 bo63 .35 hobets ho53 &.71 Lo RE L.98 5.12 g.21
by hobly he26 belld ho26 - L3686 &.54 4469 be81 LYS- 1% .04k
b! ".37 “oi’ “111 b.lg 5.29 ‘to"’ ‘0.52 “07‘0 “0.7 5.97
(1) he20 k.02 3.9 4,03 Lel2 L3145 ", 57 bho?0 L.80
[ ¥4 ho22 .03 3.96 .00 %16 & .32 bol? ho£8 Le?2 L83
48 he29 ol »e03 holl be20 4.39 453 LYY 1 ho?8 L.BB
»9 bot7 4.29 bo21 §.29 4.39 &.57 472 4,83 he97 ®,07
£1} .60 hoh2 ho36 hob2 4.52 470 4.85 L.97 €,10 €,20
81 o708 0,51 4o43 &.51 bebt 4.79 4o Sh 5.06 5.19 5.30
82 2483 h.6% 487 ho&2 875 4.93 S.08 .20 S.33  S.hb
53 4092 he?3 4.66 'Yy L) LYY 1) S.02 $.197 5,29 5.43 $.5%
Sh 0,96 L, 7T 4.69 8?7 8,87 S$.06 5,21 %.33 S.7 $.57




ELECTRONIC STOPPING PONER OF IONS AT VELOCITY V8

MODIFIED FIRSOV METHOD STOPPING PONER (2E-13 EV-CM2)
TARGET PROJECTILE ATOMIC NUMBER
ATOoNIC
NUNBER  §5 £ 13 14 58 59 60 61 62 63 66 65 66 67

1 «99 116 116 212 1.26 1.07 120 1.83 1.26 1.86 113 1.98 187
2 9% 113 1.99 1.09 1.23 1.84 118 1.00 1.24 1.02 110 «98 1.06
3 2042 2.36 2.36 2.30 2 48 2023 - 2.40 2.15 2.48 218 2425 2.11 2449
) 2.38 256 2456 2050 2.70 2.42 2.62 2.35 2.7H 2.38 2606 2.38 239
2 2.27 2.9% 254 2469 278 202 263 2.35 2.72 2.38 2468 2431 2061
[ )
4
[ ]
9

219 209 2045 262 2.65 2.35 2.57 2.28 2.66 2.31 202 2.25 2.36
2.10 248 236 230 2.58 2.28 250 221 2.59 224 2.35% 2017 2.29
2.87 237 233 2,31 2.55 2.24 247 2,47 2.56 220 232 o164 2426
200 2.30 2.26 228 2+ 48 2.17 2.40 2.1 249 214 226 2.07 2019
18 1.92 2.22 2.17 2416 2460 289 2.32 2.02 261 2.95 2.47 1.99 2018

11 268 2.80 2.77 2.7 2098 266 2.89 2.59 2,99 2.62 2.T3 2.55 2.66
12 2485 3.18 3.16 312 337  J.84 3,280 2,96  3.38 2.99 3.1t 2.92 3.03
13 3.26 368 3.59 3.53 3.80 3485 370 3.37 3.81 Tkt 3.52  3.32  3.463
14 3.0 375 3,76 3469 3,97 3.68 3,87 3.52 3.98 3.56 3.67 3.47 3.58
15 341 378 3.76 Jo71  &e00 3463 3.90 354 K02 358 3.7T1 3.9 3.62

16 3007 3.85 3.83 3.8 5. 09 3.70 3.98 3.61 &e18 3.65 3.79 3.56 3.69
17 Jo01 3.81 3.77 373 he0& 3.65 3.94 3.56 H.06 3.60 378 3.51 3. 65
18 3.36 3.75 3.7 3.67 3.99 3.%9 3.00 3.69 hel1 3.54 3.69 3445 3.60
19 3,83 §.25 be22 hol? he51 (9 1] $.39 3.99 He52 493 $.18 3.94 4,08
28 &e17 bobi be50 853 h.87 hobl 8.76 §.34 §.089 &.39 454 829 e bbb

21 417 461 8.57 953 R8T  4eh3 4,76 833 5,89 4.38 6.56  4e29 bbb
22  he1D WS M5 Bokb  BaoB1  Be37 4,69 627 4eB83 432 ko7 k22 637
23 883 BT Be8h 839 8eT3 4e30  8.62 820 875 K4.25 40 helS K30
24 3.86 ho27 8423 889 853 helD  B.42 800 455 485 4,20 3.95 41D
25 3.88 ho31 K27 8e23 boST  Relh 86 K04 459 4,09 6,26 3.99 b1k

26 3.83 §.26 §.23 he108 he52 h.09 [ X1 3§ 3.99 4e54 helBb 4.19 3.95 §.09
t 14 3.79 he21 h.17 813 He4b helb H.35 3.9 #eh8 3.99 [ T% ) 3.90 helb
28 3.73 §.15 §o12 &eB7 &e bl 3.98 §.29 3.89 hob2 3.93 he08 3.86 3.98
29 3.60 L XY ;8 3.98 394 &e26 3.84 415 3.75 4e28 3.80 3.9% 3.70 3.85
30 3.60 (T3 }§ 3.98 39« & 26 3.85 h.15 3.75% 4.28 3.88 3.9 3.71 3.85

31 3.82 H.23 420 Gel6  Hek8 407 837 3,97 oS50 402  helb  3.92 K06
32 395 037 435 830 6e63 Ke21  6.52  hell Le65 6.1 ©e30 o066 G.20
33 4o80  B06  Bobb 839 AeT2 430 8,61 8,20 KeTh 4e25 8039 4ed5  4.29
36 8016 8a39  4e56 482 8,86 beh2 BT 9032 488 837 852 8,27 beb2
35 4028  HalBB  8.63 538 £e93  Lelh8 BaB1 630 4495 bele3 £e59 4.33 4o

36 622 §.67 bbb he59 4,95 4ed9 483 .39 4.97 bobl .60 he36 &.50
37 B.78 5.28 $.23 $e1? 5054 5.07 8.42 %96 $.57 $5.82 5.18 991 5«87
g6 S.28 S.78 5.68 S5.62 6000 5.51 5.87 540 6.03 S.b6 $.62 5,35 8.51
39 5.38 S.01 S.78 DY £ 612 beb2 $.99 $5.51 616 $.56 5.73 S.45 S.61
&8 $.32 5.83 5.80 STk [ T3 LY 5.63 6.01 $.52 617 5.50 $5.75 S.47 $. 64

(3 513 S.64 S.61 5.5% 5.9 5.48 5,82 5.33 5.98 5.39 5.57 5.28 5.45
82 5.07 $.59 $.58 $.50 S.91 8.39 $.77 $.28 $.93 $.36 5.52 $.23 5.40

43 S.18 $.7TL $.67 $eb2 693 5.5 $.89 5,39 6.06 5.45 5464 5.36 5.52 )
o S.01 5.93 5.49 { 7 1Y $.86 5.33 .72 S.22 5,88 5.28 E Y Y 5.46 5.34

(1] K% | 4 Se.62 $.37 $.70 $.26 565 $.15 5.08 B.21 5.39 B89 $.27

L 1] H77 $.29 $.28 5.20 S.61 B.09 $.00 5.98 $.64 S.04 5.22 492 $e11

(14 478 $.31 $.26 5.22 5.63 S.41 $.49 4.99 5.65 $.05 5.26 h.9% 5.12 i
! &8 485 $.37 $.33 5.28 $.69 .47 $.56 $.06 S5.72 $.12 5.30 5.00 5.18 o
’ » S.04 $.56 $.52 S.47 5.80 8.36 $5.75 $.25 5.92 5.34 S.09 5.19 $.37
' 50 S.47 Se70 $.66 $.61 6.02 .58 $.88 $.38 6.85 S.bb $.62 $.33 $.51

’ $1 $.27 $.79 S.76 $.70 6.42 $.99 $5.98 S.40 6.45 $.5% $.72 5.42 $.60

. $2 Seb1 1 13 ) $.91 $.05 627 S.7% 643 5.62 6.30 $.68 $.87 $.57 S. 76
$3 $.50 6.0 6.01 5.9% 6.37 S.84 6.23 S.72 21 % ] 5.78 5,97 $.66 $.84
84 7% 11 6.09 5.08 ¢.00 602 $.08 6.28 $.77 (Y1 1] $.83 6.88 571 $.89




——
ELECTRONIC STOPPING POMER OF IONS AT VELOCITY VO
HWODIFIED FIRSOV METHOO STOPPING PONER (LE~-13 EV-CM2)
TARGEY PROJECTILE ATONIC NUMBER
ATONIC
NUNBER 68 69 L] n T2 73 1L} L4 76 124 Te 79 80

3 105 1.06 1.02 1.00 1.02 1.03 103 103 1.02 «93 o8& 82 87
4 L84 1.03 1.02 «99 1.04 1.82 1.0% 1.01 «99 «90 81 79 « 86
3 2.15 2.42 2.99 2.06 2.18 213 - 2.1% 21l 2010 2482 194 1.88 196
& 235 2.32 2.29 2.2% 2.39 2.32 2.3% 234 2.33 2.21 2.18 2.07 2013
5 237 2.3 238 228 2.32 2.3 2.3% 2.3 234 2.22 2.18 2.47 214
6
4
]

2032 2.29 2426 224 2.27 2.29 2.29 2.29 2.28 2.15 2.83 2.00 2.47

2.26 2.23 228 217 2.20 2022 2.22 2022 2.20 2.97 1.95 1.92 1.99

2.23 2.20 217 21b 2.17 2.19 2.39 2018 217 2.03 191 1.08 1.9%

9 216 2.13 2410 208 2,11 2.12 2.2 2042 2438 1.97 1.0 1.081 1.88
10 2.08 2.85 2.02 1.99 2.82 .06 2.0 2.06 2.02 1.08 1.76 1.73 1.80

: 21 2.63 2.59 2.56 2.53 2.57 2.59 2,69 2.60 2,59 2.85 2.32 2.29 2.37
b 12 2499 2.95 2.92 2.68 2.92 295 2.96 297 2,96 2.82 2.69 2.66 2.T74

13 3.39  3.35 3.3 S.27 3.32  3.35 3,37 3.38 3.37 3.23 3.10 3.07 3.15
- 3.5 3.50 3048 382 3.47  3.50  3.52 3.53 J.52 3.38 3,25 3.21 3.29
l 35 3.57 3.53 3.49 3.05  3.50 3.53 355  3.55  3.55 3.00 3,26 3.23 3.3

3.6% 3.61 3.57 3.53 3.58 364 3,82 3.63 3.62 3.46 3,32 3.2% 3.38

17 3.6% 3.57 3.52 3.09 3.53 3.56 3.57 3.57 3.57 E Py Y ] 3.26 3.23 3.3%
;' 18 3.55 3.5 Jo07 3ek3 3.48 3.58 3.51 3.51 3.50 3.33 3.19 3.15 3,26
H 19 (Y L} 8.00 398 3.94 3,96 3.99 .01 hel1 400 3.83 3.68 3.65 3.76
- 29 5.39 he3b §.30 h.25 &30 K30 §.36 437 436 4.19 S04 1'% I § e 10

Fon

B
"
»

N i e A AT AR R e g o,
»
o

‘ 21 8.39 4.3% 429 4.25 e300 M3k 035 636 436 o108 403  be8D  Me09
; 22 4,32 &4.28 &.23 8,19 Ne2h 527 8,29 .38 429 A.l2 3.96 3.93 h.03
N R 23 8285 ho21 o6 812  Ke17 820 4,22 422 822 bo06 3,89 3.86 3.95

26 806 .02 3.97 3,92 3,97 6.80 8,02  §.02 402 3.86 369 3.66 375
i : 25  4.10  6.05 .01 3.96 &.01 6.05 4,06 4.07 406 3.89 3.73 376 3.79

. 26 &.05 H.80 3.96 3.91 3.9 e00 NeB1 %402 8,01 388  3.69 365 3.75
B 20 4.00 3.9 3.91 3.86 3,91 3.95 3.96 3.97 3.96 3.79 3.68 3.61 3.70
: 28 3.9 3.89 3.85 3.81 3.06 3.89 3.91 3.91 3.90 3.7+ 3.59 3.55 S.64
S B 29 3.80 3.76 3.7 367 372  3.75 3477 3.77  3.76  3.60 .45 362  3.58
3 3.88 3.76 3.72 3.67 3.72 B.75  3.T7  3.TT  3.77  3.60 3.5 3.62 351

31 4,082 3.97 3.93 3.08 3. 9% 3.97 3.99 3.99 3.99 3,82 3.68 3,66 3.73
N 32 4.15 botl 406 4,02 e 87 he11 6,13 §043 413 3.96 3.82 3.78 3.87
; 33 holdle he20 hel§ hetl &e 16 he20 bo22 be22 622 &.85 3.90 3.87 3.96
. 1. 36 437 6.32 4.27 4023 beo28 8,32 h.306 435 b 30 he1? e 02 3.99 499
§ 33 He3 be38 he3b §.29 4.35 be38 [P &1 ¥ Y ] 8,23 408 holb he il

36 845 ol §.35 4e30 4. 36 439 Hebd eob2 el he23 §.08 helk Relle
37 S.01 896 he91 (Y 1} 4,92 896 899 S.80 5,00 8,82 5.66 4e63 873
! 30 $.45 .60 $.36 $.29 5.3 i 211 ] S.43 Sk So bk $.26 5.18 $.07 S48
39 S.56 $.50 5.45 5.39 5.46 5.58 5,53 5.55 5,55 $.36 5.28 $.17 5.28
&0 S50 552 L 1914 Sobt Se 4l 5.52 S.55 $.56 5.56 5,37 5.21 $.48 $.29

L 1 S.00 5.34 $5.29 $.,23 5.30 5.34 $.36 85.37 5.37 $.17 5.01 897 S.08
62 5.38 8.29 Se20 $.18 5.25 $.29 $5.32 5.32 5.3 $.12 4.95 h.91 S.02
43 S.46 S.00 $.38 $.30 .36 S.410 S.b2 Seb3 5.03 5.23 5.06 $.82 Sedlh
"y (1) 5.29 $.23 S48 $.13 $.19 $.23 $.25 8.26 5.2% S.08 5.88 (99 T YY1
(1] $.22 $.46 S48 S.06 5.12 $.16 S.18 5.18 5.18 &.98 4088 877 b 08

L 1) 5.08 s.00 8.9 809 8. 95 %.99 $5.01 S.01 S.81 §.80 563 499 he70
. (Y4 S.00 S.01 896 4.90 be 96 5.00 5.02 5.03 5.02 §.82 (3.1} b.81 N 72
‘ (1) 5.13 S.07 $.02 89?7 $.,03 S.07 $.09 S5.09 $5.09 4.89 (1941 468 be79
i 69 $.32 $.26 $.28 $.18 $.21 8.28 $.28 5.29 5.28 5.08 498 h.07 499
1) $.45 $.39 $.3% 5.20 $.35 $.39 S.41 $.42 S.42 $.22 $5.88 { Y } $e13

B3I BeSh 5,00 5.43  S.38  S.4k  S.A8  5.51 $.52 5.52 8$.32 Se1h B.i2 S22
B2 $.69 5.63 $.57 8552 5,58 5.63 35.65 5.86 8.66 ST S.29 $.26 B.37
83 S.78 S5.72 8.67 561 8.68 5.72 5.7 $.76 S.76 5.56 5.39 $.36 S.07
Bh  $.03 SB.77  S.74  B.66  S.72  5.77  5.88 5.81 5.81 S5.61 S.63  S.00  5.52




—— e

TARGEY
ATONIC
WUMBER

[ 29

92
99
281
221
.24

2.18
2.07
2.03
1.96
188

2:05
202
3.20
3.39
3,01

3.48
Joltl
3.306
3.85
&e21

&0 20
L 2% 1
406
3.86
3.90

3.66
3.81
3.75
3061
3.62

Jo8h
3098
&.07
he20
&e25

426

4,08
5.30
S.01
S

S5.21
515
$.27
$.99
S.01

§.06
$.0%
892
S.42
$.26

§.36
$.51
$.61
$.685

1.8%

213
2.33
2.3%

2.28
2.21
2.17
2.40
T.82

2.59
2.9
3.39
3.85
3.5¢

3.65
3.%9
3.53
0l
So00

b.40
‘.33
b.26
805
bedd

6.05
§.00
3.9
3.80
3.80

5.03
So1?
€.26
539
L 9 ° )

bbb
3.96
$.52
$.62
$.66

ELECYRONIC STOPPING PONER OF IONS AT VELOCITY v§
NODIFXED FIRSOV METHOD

1.48
1.88
223
2obh
2406

2.39
2.32
2.2
2.22
2.13

2.7
3.40
3.52
3.68
3.7

3.79
3.7%
3.67
k19
be56

§.56
8,49
hels2
ho24
b.2%

§.20
bels
b,09
3.95
3.95

h18
§e32
b2
4455
bob1

8,62
$.23
5,69
5.8
5,82

5.62
$.57
5,69
5.58
S.43

$.28
8,27
5,33
5.54%
$.68

5.78
5.93
S.04
6.08

8

113
Leil
2.33
2.53
2.55

208
2004
2.37
2.31
2022

2681
3.20
3563
3.0
3.43

3.91
3.86
379
he32
§70

§59
§.62
455
Q36
B30

§.33
&e28
822
ho00
4,00

.30
hob5
455
ho68
475

4.76
$.37
SeBh
5.96
8.97

S.r?7
B.72
i 3 1%
$.66
$.58

Se08
$.02
$e09
3.09
$.03

S.94
(79 } ]
{ ¥Y4 ]
6425

PROJECTILE ATONIC NUMBER

1.48
1.1%5
2.01
262
2062

2.%6
248
Lol
2.38
2,29

2.69
3. 28
J.72
3.09
3.93

e 01
395
3.89
Be03
& 81

&80
5. 73
He 66
he iS5
e 09

[ 2%
%39
433
o it
h.48

hobd
he %6
& 66
heT9
ho80

8. 87
$5.69
$97
6.09
6.11

5.9
$.05
$.97

S.72

§.54
$.5%
$.62
5.82
$«97

6.7
523
$.33
6.38

1.24
1.17

2«08

2.69
2.69

2.62
2.53
2.5¢
2443
2.34

2.95
3.36
3.80
3.98
h.04

6,09
(8 1)
8.97
oS3
8.90

®.90
4,03
[ 7% 47
454
4.56

h.53
hol8
hebit
&, 27
6. 27

4,50
6.65
he78
.49
he96

497
8.60
6.48
6.20
6.22

601
$.96
6.88
$.90
$.43

.48
.66
$.73
$.93
6.00

6.18
6.3
[ 111}
5.58

14

L.20
1,19
2.5
2.76
2.75

2.68
2.%8
2.54
.47
2038

3.80
3662
3.87
&.05
4,08

§.16
h.18
&.04
§.%59
&.98

&.97
§.90
5,83
&o61
& .65

b .60
4.%5
& &9
he3b
4.3

657
472
4,82
497
S.04

5,05
$.68
6.17
6.29
6.31

611
6.48
6.48
$5.99
$.92

$.76
$.75
$.62
6.83
6.47

6,28
6,44
6.54
8.60

1443
1.40
2.80
3.05
3005

298
2490
2087
2.68
2.71

3.35
3.77
824
8063
.47

§.57
he53
heb?
S04
Scbb

$ bbb
$.37
$.29
S.008
5.42

$.06
5.01
8.9
®.78
h.78

5.02
$.17
%.28
5.43
§e514

$.53
619
6.69
6.82
6.985

$.6%
660
6.73
655
[ YY1 ]

6.3¢0
6.31
6.38
6.59
673

[ 711
7.00
T.14
Pe1?

89

1.6
1.58
3.04
3.38
3.32

3e26
3.19
3.47
3,18
Je81

3.65
&89
458
&.78
§.03

496
4.90
486
S. b4
5.86

5.86
5.79
5.74
5.49
5.53

5.48
S.61
5.34
5.18
S.18

$.42
$.58
%.69
$.8%
5.94

$.97
(g1
Tet 6
T30
T.33

Tell
Te80
T.23
T.08
698

6.6¢
6.81
6.88
7.89
Te 26

T.38
T.51
7.83
.69

SYOPPING PONER (1E~13 EV-CNH2)

1.65%
1.62
342
3.39
3.03

3.3%
3.26
3.24
3.47
3.07

3.73
h.18
h.60
h.08
b9

5.05
S.01
8.96
5.55
$.98

$.98
5.9
.83
$.61
5.65

$.59
5.53
$.46
5.30
829

$.54
S.70
5.81
$.97
$.08

6.09
6.77
T.38
Tl
Tob8

r.28
T.24
7.38
7.49
T.12

6.9
6.95
T.82
T.23
T.38

V.49
T.66
T.78
T.8%

T e

VP

91

1.67
1.64
3.48
J.66
b 1Y 4

3.39
3.34
3,28
3.24
3.1

3.79
ho2b
475
b.96
5.01

5.12
$.98
5,03
5.63
6,86

6.97
6.00
$.94
5.69
5.73

$.67
$.61
5.54
5.38
5.37

5.62
5.78
5.9
6.06
6.15

6.48
6,07
Tebd
T.58
T.58

T30
Te3b
T8
To29
T.22

T.04
7.95
.12
P34
Teb9

T.80
P77
.89
T.98%

153
1.50
2.93
3.2%
3.23

3.16
3.88
3.96
2,99
2.89

3.5%
3.98
b7
8.67
872

§.83
h.T8
b.73
5.31
5.73

5.73
S.66
558
536
S5.%0

5.35
5.29
$.22
$.06
5.85

$.38
5.46
5.57
5.73
$.81

S.06
$e51
7.3
Te27
T.260

T.00
6.9%
T.09
$.98
$.83

(X117
$.66
$.73
$94
T.09

T.20
736
Te48
1 2% 1%




ELECTRONIC STOPPING POMER CF IONS AT VELOCITY V)
MOOIFIED FIRSOV METHOD STOPPING PONER (1E~1T EV-Le)

U

YARGEY PROJECTILE ATOMIC WU~ BER
ATOMIC
NUMSER & 7 8 9 10 11 12 13 16 15 1€ 1”
\ L1 2.3} 2.37 236 2.3 2.29 2.23 2.¢8 3. 02 3.36 3.55 3.6% 3.7€
11 2.57 2.82 2.61 2.59 2.54 2.48 2.9 3.29 3.5 3.86 *,38 .09
57 2.b% 2.69 2.69 2.67 2.62 .55 3.03 3.38 3.7 3.96 4.08 “.19
5¢ 2.60 2.65 2.6 2,63 2.58 2.51 2.8 3. 36 3.70 J.91 403 bods
£1) 2.48 2.%3 2.%2 2.56 2465 2.38 2.85 3. 20 3.55 3.7¢ 3.87 3.68
&0 2:464 2.49 2ebd 246 2eled 2.35 2.81 3. 15 3.5%0 3.7 3.82 3.9%
63 Petl 2.46 21 1) 2402 2.3 2.3 2.77 .11 3.46 3.66 3.77 3.82
62 2.37 2,62 2,061 2.33 2.3k 2.27 2.73 3.0" 3.0 3.61 3.73 3.83
63 2.3¢ 2.38 2.3 2.35 2,30 2.23 2.€9 3.03 3,37 3.57 J.68 3,73
(13 2.38 2.63 242 24l 2.35 2.28 2e7h 3.08 303 3.63 Su7a 3.8
&% 227 2.32 2,31 2.28 223 217 2.¢2 2.95 3.28 3.48 3.5 3.6%
66 2.20 2.29 2.27 2.25 2.20 2.14 2.58 2.91 3.26 Jalele 3.%5 3.6¢
8?7 2.22 2.2¢ 220 2,22 2.17 2.14 2.55 2.88 3. 21 342 3.51 3.61
68 2.19 2.23 2.22 2.19 2.15 2.08 2.52 2.84 3.17 3.56 Jou? 1.5
69 2.16 2.21 2419 2.17 2.12 2.05 2.49 2.81 3.33 3.32 3.b3 3.52
? 2¢ 24 2.28 2.15 H2% U 2.09 2.03 2.46 2.78 3.1 3.29 k. PY'S J.he
71 2.2% 2.26 2e24 2.22 217 2.18 2.5« 2.8¢E 3.19 3.38 3.53 3.5¢2
e 2.23 2.28 2.26 2.2% 2419 2.12 2456 2.89 3.22 LIT Y J.£? T.€2
73 Z.2% 2.27 2426 220 2.19 .12 2.57 2.88 3.22 3.62 3.53 3.2
74 2.22 2.26 .28 2.22 2,18 2.11 2.56 2.89 3.22 3.41 3.852 2.€1
141 2.20 224 2.22 2.29 2.15 2.00 2 .54 2.87 3.20 3.33 3.59 3.59
78 2.17 2.21 2.19 2.37 212 2.06 2.52 2.8% 3.18 3.37 3. 3.5¢€
144 2.4 2.17 225 2elk 2.09 2.83 2.48 2.8 3.15 3.34 Jobw 3.52
kL 2.0% 2.08 2.07 2404 240 1.93 2.9 2.72 3.05 .24 3.%3 k FRTY
79 2.00 2.04 2.02 2.00 1.95 1.89 2,3 2.%7 3,00 3.19 3.25 3,.3¢
éa 2.62 2.05 2.03 2.01 1.96 1.90 2.36 2.¢9 .02 3.21 3.7 3.32
133 2.15 2.18 217 2015 2.10 2.03 2.649 2.83 3.17 3. 38 3.6 3.5¢
82 2.26 2.28 2.28 2.24 2.19 2.43 2.%9 2.33 3.28 Jaa? 3.857 3.67
83 230 2.35 234 2.32 2.27 2.20 2.¢87 3,02 3.36 .86 3.67 3.76
84 282 2.47 2.46 264 239 2.32 2.80 3.16 3.51 .72 3.83 3.91
L.} 2.39 263 202 240 2+36 2.29 2.77 3.13 3.8 .69 3.8: 3.9¢C
a6 2401 2o kS 2443 2eb2 237 2.30 2.79 3.1% 3.51 3.72 3.83 3.93
ar 2.73 2.79 2.,79 2.27 2.72 2.65 3.15 3.52 3.9 413 hel5 43?7
a8 2.99 3,06 3,08 3.82 3.08 2.93 Jo ok .82 o2 Lok DY ] 472
8% J.38 3.19 3.15 3.18 3.13 3.0¢ 3,58 3.97 37 .62 be?7d be98
. 90 3.17 3.25 3.25 3.25 3020 3".2 3'65 “0‘5 5.“6 '0.71 ~|‘6 5.99
!
} 91 3.L07 3.1% 3,14 3,13 3.08 3.01 3.56 3.83 oo Jb “.58 L2 he85
1 92 3.03 3.10 3.1C 3.09 S04 2.97 3,49 3.89 ®.29 .53 67 L8
{ 93 2.98 3.05 3.35 -2 13 2.99 2.92 3,45 3.8%4 “e25% Leh8 4.62 475
« I 9% 2.87 2.93 2.93 2.92 2.87 2.80 3.32 3.7¢C &.10 welh bo? 4.59
i 95 2.81 2,88 2,97 2.66 281  2.7% I 26 3.6k 4.0k  0.27  4etD 4,52
3 9 2.85 2.91 2.91 2.90 2.08% 2.78 3,30 3.€% L.08 L1 448 4.57
s ) 97 2.78 2.77 2.77 2.75 2.78 2.63 Jo 24 3.52 3.63 LTS T8 426 Le38
1 ' 9 2.86 2.72 2.72 2.70 2.65 2,.%8 3.09 B.47 3.88 L.08 4.2) Le32
:'e. . 9% 2.82 2.68 2467 2.8% 2.60 2.53 3006 Jed 3.79 L.01 YS O &e2%
H ' 180 2.5? 263 2.62 T.€E1 2456 2449 2.99 X.36 3,72 3,95 “ws29 h.19
t
] f 1.3 2.53 2.59 2.58 2.58 2.51 bt 249 3.32 .68 3.83 4,02 L£.13
! 132 2.49 2.%8 2.54 Z.852 2,47 2.40 .89 3.26 J.62 3eBe 3.95 Lel7

e —

R




o, [ ——

p——
[ .

HAL‘

TARGEY
ATOMIC
NUMBER

-
56
57
5
59
6C

63
62
63
(.1
(14

66
67
68
69
14

71
72
73
Te
14

7%
7
(.}
?9
80

61
82
83
84
8s

19

3.‘"
bLoll
4e28
“.20
4,03
3.97

3.92
3.87
3.82
S.88
3.73

3.68
3.66
3.60
3.56
3.52

3.62
3.65
3.65
3,64
3.62

3.59
3.55
.63
3.37
3.39

3.56
3.€9
3.79
3.97
3.93

3.96
“ob3
.80
4.99
5.08

ksS4
488
4e82
L.66
58

463
ol
b37
“e30
o206

hel?
be12

20

ho22
b.58
4.T70
b6k
bhobl

b.35
.30
0,25
4.31
(% ¢

bo10
&£.06
4,01
3,97
3,93

6,03
“006
5.07
4,06
4,04

.01
3.98
3.86
3.80
3.82

4.00
4.13
Lo 26
he63
§.39

bobe2
4o98
5.2%
5.49
5.59

S.bh
8.3%
5.33
5.16
5.08

5.43
H,93
b,06
.79
6,72

5,65
.59

RN ———

HODIFIED FIRSOV METHOD

21

bed?
4.53
4e65
Le59
bobl
4a36

Lo30
.25
4.19
be26
.09

h.05
4.0
3.96
3.92
3.88

3.98
be01
402
4.01
3.99

3.96
3.92
3.087
3.7
3.76

3.9%
beg?
ba18
4e37
4e33

4o 36
486
524
L 7Y 1Y
5.54

5.39
534
5.27
5.0
5.03

5.08
4.87
4,80
.73
b.6E

bob?
' 1

22

he2b
bebl
(XY A
(99 -14
&eb9
habb

h.38
b.33
427
§e3i
§.17

e.12
b.08
§.03
3.93
3.95

6.05
&.08
h.03
4.09
407

ol
[ %9 14
3.88
3.82
3.84

4e02
bold
425
&okd
lobl

&05
§.95
5.33
5.%53
.65

S.49
$elote
$.37
S.2¢
5.42

$.48
5,97
».90
4,83
4o TE

U'sg
hob3

PROJECTILE ATOMIC NUMBER

23

403
Lol
452
o bbb
“e28
Lo 22

417
L TR 8}
k.06
413
3.96

3.9
3.87
3.83
Ta78
k% LY

3.85
S.68
.88
3.08
3.85

3.82
3.78
3.67
3.61
.63

3.01
3.9
4,05
bell
4e19

e 23
Y72
S.44
Se31
Seled

5426
.20
5.1
®.97
289

[y )
boTh
L ¥4
4.60
bhe53

bbb
deled

2h
3.97

4.33

b kS
#.39
k.21
.16

bt
.05
4.4¢0
.07
3.9¢

3.8¢
3.84
.77
.72
3.68

3.'?
3.82
2.8%
3.‘2
3.88

3.7%
3.73
3.63
3.55
3.57

3.75
3.88
3.99
be17
b1

847
t.6¢
5.06
5.24
5,385

.19
6.1k
5.08
4.91
.03

4.88
bobd
b.01
b .5k
bols?

LFTY ]
b3k

ELECTRONIC STOPPING POWER OF ICNS

2%

4.09
“Qﬁs
«.57
L,51
he 33
A‘ 27

b, 22
»o 17
o1l
Lo 18
ho0L

3.97
3.42
3.¢e8
3.43
3.79

3.89
3.93
3.6
3.3
3.61

3. 88
3. f
3.73
3.67
3.89

3. €7
Lo CD
&.10
Lo 29
ha25

ho 39
h.78
$.17
£.36
Eob?

£.32
5.27
S.2
S.C3
“e €6

£.01
beBD
he?73
L 3] 1
bet9

he52
hobb

2¢€

L, 04
hob@
“.52
Lo&7
4.29
L,23

“.16
.12
‘. a?
b, 146
!.97

3.93
3.88
3.84
3.79
3.75

3.85
3.€9
3.9
3.89
3.87

3. a“
3.2
.69
3.63
3.€¢

.07
3.96
“. “6
L.2%
.21

‘.25
beTh
$.12
£.32
5. 63

5.27
.22
.16
6099
4.51

.96
Le7¢
.69
be€2
“.5%

bobp
L 02

27

3.89
o2
o.3€
®e30
hel2
4,07

L.G2
3.496
3.91
3.98
3.81

3.77
3.72
3.68
J. 64
3. 6L

3.70
3.73
3.74
3.73
3.7

3.€8
2.€5
3.83
3,07
1,50

2, E7
3,80
3,93
4.09
o 05

4.09
LeS7
4495
5.14
5.25

£.10
Eally
“©.98
Lol2
boTb

479
“,.%9
4,52
LotS
“,.38

.21
“.2%

AT VELOCI"Y v
STOPPING PONER (1E~13 Ey-CM2)

28

3.8«
L.19
6.31
“e25
h.n7
LaB2

.97
3.91
3.886
3.93
3.77

3.72
3.67
3.63
R. 59
3.53

3.65
3.68
.69
X.68
3.67

.64
3.50
30*9
3.463
3.45

.62
3.7%
3.86
&e04
.00

(Y Lt
h52
4.89
5.08
5.4

5.0
4,39
L.93
4,78
.69

beTe
L, 5
bob?
kel
4.33

.26
L.23

29

377
HLet?2
bo26
“.18
404
3.26

3.90
3.85
3.80
3.26
3.70

3.66
3.64
3.57
3.53%
349

3.59
3.€2
3.€3
3.€2
3.63

3.5%
3.7+
3.L3
3.37
3.3

3.56
3‘59
3.73
3.9%
3.94

3.97
bolS
bo82
€31

.32

b.C?
L9392
o856
“w,63
[y 3%

bobd
b.“'
bkl
L.33
4.26

Lo13
holle

30

3.81
LYY {3
&e27
4,22
&a04
J.6¢

J.64
3'89
3“‘
J.ol
J.75

3.6%
3.61
3.5¢
3,82

3.62
3.6€
3.67
3.E€
3.64

3.€1
3.56
3-5’
Il
J.b3

3.6
3.73
3.83
Lol
3.7

L.°1
LJbl
4.8%
Sele
.13

5.0¢C
b9t
L.89
b.72
405

.70
§,.5¢
Lol
(%813
4,36

“©.23
S &4

31

3.022
"027
e.30
“we33
b,1¢
[ % %

LOQ?
2.99
3.9¢
bed3
3.85

T nn
3.7
3.74
1,67
3.63

1.73
3.76
2.7
1.7?
3.?5

3.72
.89
.58
2.52
3.5~

!.“.

2.8
2,.9L
k.12

"~
-

L,12
Ll.59
-.96
.16
.28

7412
.38
€.51
[y 19
LeE

be81
he62
- «85€
[ 99 .|
bobl

*.!“
Lo 28

e

e
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ELECTRONI- STOPPING PONER OF IONS AY VELOCITY VD

MODIFIED FIRSOy METHOD STOPPING POMWER (1E=-1% Ev-C«2)
TARGEY PROJECTILE ATOMIC NUMBER
AT0MIC
NUMBER 32 13 36 35 36 37 30 39 «C i L2 43 bt

i 5% Wall  Le33 bueo .58 “.68 .75 5.2 S.60 5.5 £.36 5.37 5.5L 5,39
- 56 @et9 .67 b8l 4,95 5.07 6.146  5.66 6.0¢ 5.54 5.60 5.81 §.99 Folu
! 57 eebl 479 493 5.09 S.20 5.27 5.80 €.21 6.09 5,95 6.96 6.1F 5.99
- 88 .56 W76 4.08 5.03 5.44 5.28 5.7k £.15 6.02 5.88 5.63 6.0¢ 5.92
; 59 4,38  %.%5 w869 h8CG 4.95 5,00 5.53 5.94 .81 5.67 5,67 5.08¢ 72
&0 2e32 4.58 o6l b.78 .89 4.96 5,47 5.87 5.75 5.50 5.61 £.79 S.69

} 61 827 teo oy 6.58 8.73 4e83 .90 5,41 €.84 5,68 .54 $.56¢ 5.72 5.57
62 we2? .39 ©.53 .67 w7 boOM 5,35 5,75 5.2 S.k? S.48 5.6¢ S.51
P 63 ~+ 16 b 30 bob? ho62 w.T2 678 £.29 5.69 5.6 S.bd §.02 5.6 Colew
6h +s23 v, bl b5 .63 %.79 k.85 5.37 E.77 5.64 E.49 5.850 5,67 §.52
65 DY L] o268 .37 851 Y% 3 | .67 5,18 €.57 5k 5.29 5.30 5.47 $.32

‘- 66 «a02 h19 432 boteb o586 4.62 5,12 .51 5,38 Se2h .24 LEL Y €.,20
87 3.97 [YS U 27 bobl we53% 4,57 $,07 5,45 5.33 5,18 5.13 $.3¢ s.21
.14 3,93 koAl 5,23 8,37 Lokb ©.52 5.02 E.60 5.2?7 £,13 5.13 5,30 $,1%

f | 1] 3.88 4o D5 beld 8.32 bot2 el La®7 .35 .22 5.08 5.08 £.27 £.17
‘e k4 Y .84 bel2 bolk ho28 437 bobd b.92 .30 %.17 $.03 5.03 5.2¢ 5.C5
71 3.9 Leld Lok Lh.38 4.68 454 5.03 Cobl €.29 5.15 £,15 $.32 €.17

72 3.98 ©.15 v.28 bolb2 h.52 4.58 S.C7 £.46 €,33 £.18 5.19 $,3¢ £,21

73 3.99 'Yy ) he29 .43 453 %.%9 5.09 E.h? 5,36 5.20 5.20 €.37 .27

‘- T 3.98 %% U] 423 bhol3 be52 4,58 5.08 Soh? €30 £.19 5.19 $.37 F.21

# 7% 3.97 boll w27 Lot 4.50 &4 .56 5,7 t.46 5.32 5.17 5.17 5.32 .19
? 7€ 3.9 L.11 bel2b .38 bold 4,53 Se 04 §.43 £.29 5.14 Se14 5.32 €.16
Lo 144 3.94 %Y 1] o211 .36 beltty & 49 $.09 SebC 5.26 5.09 54193 .25 .42

f- 78 305’ 3-97 5009 5.23 4032 5037 50&5 5-27 5013 498 “097 Ealn “.33

3 ?9 3.7“ 3-'1 3.03 “lir 5.26 hc" “0‘2 5021 5006 b.gl “.qg 5.‘& n.92
! ] 3,76 3.93 o056 o129 he28 ©.33 485 B2 5.09 92 4,93 5.11 be®a
81 3.923 hell be2l 4.38 o7 .52 §.06 E.lboia 5.30 5.43 3.13 5.2¢ .15

82 we 06 he26 &e37 Ho%2 webl .66 5.49 5.59 54L5 5.28 5.29 GoebT S.34

83 Led? 4306 Y Lob2 4e?2 Lo?78 t.31 €.72 5.58 C.01 o2 .61 o4

8h 4.38 4e54 67 h.82 ©.93 4.99 5.53 £.9% 5.81 5,64 5.63 5,.8- 5.68

E 8% Le32 .50 “e63 L.T78 «.88 $.95 5448 £.90 5.76 5.59 .63 5,74 £,E3

86 L35 &o54 beb7 H.82 0093 b.’g 5.53 5-95 5-‘1 E.64 5.55 6.8= .68
' ar v 83 5.02 5.17 .33 Sele 5,52 6.08 6.5 6.38 €.22 6.20 6.7 €.28
: (1] €.21 [ XY 5.5% 8.72 5.864 €.93 6.51 6.95 6.83 6.68 6.70 6.9C Be7l
89 S.40 5.60 5.76 5.93 6.06 6.4 6.73 7.19 7.06 6.9 6.3 Tolt 6,99
114 5.514 5.7 5.87 600 6447 6.26 6.86 7.33 Te20 7.85 7.07 7.29 7.13

91 5.36 5.56 5.72 5.89 8.02 6.10 6. €9 7.16  7.62 6.87 6.83 7.18 €.9%
92 $5.31 8.54 5467 S.84 5.96 6.04 6. €4 .10 6.56 6.81 6.83 T €.E8
93 5.2% 545 5.61 S.77 5.90 5.98 6.57 Te0k 6.98 6.74 6.76 6.97 c.t1
9% Z.09 5.28 S.43 5.60 5.72 5.80 6.39 €.86 E€.7C €. 54 6.56 6.77 6,81
95 £.08 5.21 5.36 $.52 5,64 5,71 6. 30 6.78 b.EL €.45 6467 6.68 6.51

96 €.06 5,26 Sehl 5.57 5.69 5.77 6.36 peB2 6.67 6,51 6.53 6.Th 6.57
97 Lo b6 5,05 5,20 $.3% 3.h8 5.55 6.13 6.58 Golel .27 ¢.29 6,50 £,32
98 w9  H.98 5013 $.29 Seht € .08 6.08 €.5C €.36 €.19 6.2 6,01 €.2%
39 W72  he92 5,06 5.22 .33 .40 $.¢7 €. b2 6427 6,11 6.12 €.32 t.16
100 ®we85 LoBlL 4498 Selb 5.25 $,.32 8,8 €.34 6.19 €.02 6.04 6e26 €.08

101 o508 477 4e91 5.07 5418 5.28 5.2 €.2% €. €. 5,95 6 .18 <499
102 .52 bols b,05 5,01 .12 $.18 S.Th 6.18 5.0 5.8?7 5.80 .08 €,92

Liee .
B 4 Mishe i o A




TARGET
ATOMIC
NUNSER

s
56
L 24
58
59
60

61
62
63
64
6%

L1

$.50
s.”
6.11
6.00
$.82
5.75

s.68
$.62
5.55
5.63
.43

5.37
$.32
5.26
5.24
$.16

$.28
$.32
$.33
5.32
5.30

5.27
5.23
5.140
5.3
5.06

5.27
5.63
$.56
5,80
5.75

5.80
6.4
6.87
T.12
T.26

7.08
7.04
69
6.7h
b.56

6.70
S48
6.37
6.29
6.28

.42
606

o

$.351
$.76
5.92
5.85
5.62
5.5¢

5.69
S.463
5.36
5.bb
5,26

5.18
5.13
5.07
5.02
8.97

$.09
5.3
.44
5.13
5.11

s.08
5.04
®.90
..83
4.06

5.07
5.23
5.36
5.60
5.55

5.60
6.20
6.67
6.92
7.96

6.087
6.81
6.7h
6.53
6. bh

5.9%0
¢.26
617
6.08
6. 00

$.92
S.06

ELECTR

“ODIFIED FIRSOV METHOD

(14

5.23
S.68
5.83
5.77
5.5
S.u8

Seld
5.35
5.28
5.35
5.1%

Sell
5.05
“e99
'y L
Le89

5.0t
.05
5.08
$.95
5.03

5.00
4.96
L.82
he73
weT8

be99
5,45
$.28
5,92
Seb?

5.52
6.12
6+59
6.83
6.97

6.79
6.72
$.65
603
6.35

{ L 3%
6.17
609
6405
5.92

5.83
8.76

LY ]

$.31
$.76
5.92
$.85
5.¢3
5.56

Seb9
E.43
5.37
5445
52

5.18
$.13
3.07
5.02
897

5.09
5,33
Sell
S.1b
$5.12

5.08
5.0%
b.91
botQ
“.e7

5.08
5.20
5.37
5.61
$.56

5.¢1
6.21
6.60
6.92
7.07

6.068
6.82
6.75
6.5
645

6.54
6.27
6.38
6.909
6.0

PROJECTILE ATOMIC NUYBER
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Sebl
5.86
6.02
595
Se73
5.66

.59
5.53
Seb?7
5.55
530

S5.28
5.23
Se17
S.12
£.07

5419
5.23
Se26
Se24
5.22

5.19
515
5.01
995
4,97

5.18
S5e3
5okl
5.72
5.67

372
6.31
6.78
703
7.18

699
6.93
6.86
6.65
656

85.62
6.38
6.29
6.20
6e12

6404
5.96

£e

.60
€.05
6.21
€14
S .92
5.85

5.78
€,72
5.65
E. 7%
5.53

L XL Y4
LXL 2
.36
$.30
5.2%

5.37
S il
.03
€42
E.bi

5.38
5'3“
5.21
S .14
$.17

5.38
€ .54
5.67
5.92
5.87

5.92
6.52
6.99
T.206
7.39

7.20
T.14
T.07
6.87
.77

6€.83
€ .59
€.50
6.41
6.33

6.24
6.17

51

5.75
6.21
6.%7
6.36
6.07
6.0

5 Sl
5.87
5.61
£.893
5.68

5.62
5.56
.51
5.45
€40

.52
5.56
5.58
£.58
5.56

5.53
5.50
5.37
£.32

.33

5.564

5«74
€.€3
6.28
€.063

6.%8
€. €8
7.18
Tabld
7.586

7%
7.2
Telle
Tl
€.95

7T.61
6.76
6. €7
6.58
6.%0

[ XX
6.3

€2

5.08
€.33
€.£0
€.063
€.20
€.13

.07
€.00
.93
€.02
.81

.75
5.69
5.63
£.58
€.52

€.64L
£.69
€, 70
€.70
&,69

5.66
5.62
.69
5.42
5.L.6

€.67
€.83
5.96
6.21
6.16

€.22
€.82
7.33
7.85
7.70

7.52
T.4b
7.39
.18
7.09

?.15
€.9C
é.81
6.72
€. Eh

6,58
6. “7

ONIC STOPPING POMER CF IONS AT VELOC
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€.02
6.4L8
6.65
6.58
6.35
6.28

6.21
6.1k
6.08
6.16
5.9¢%

5.89
5,03
5.27
5.,72
5.€6

5.79
5.83
.85
5.85
€£.03

5,80
5.77
5.6h
5.57
5.60

£.81
£.98
€.14
€.37
6.31

be37
5.98
7.46
7.7%
7 .87

7.68
7.€2
7.5%
73k
7.2%

7.3
7.06
6,97
€.088
€.8e0

6.74
€.63

1Ty VO
13 Ev-CH2)

B e S IS ¥
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ELECTRONIC STOPPING PONER OF IONS AT VELOCITY V0
MODIFIED FIRSOV NETHOD STOPPING POWER (1E-13 EV-CH2)
.
TARGET PROJECTILE ATOMIC NUMBER ’
ATONIC i
WUMBER 35 56 3 58 59 0 61 62 63 66 €5 66 67
$5  6.10 6.66 6.63 657 7,00 6,65 6,86 6.33 7.03  6.40 5.58 6,27 6.45

56 ©.57 T.13 Tel2 705 Te49 6.93. T35 6.80 7.53 6.87 7.06 6.7 6.93
57 6.7 T7.31 7.29 7T.22 7.68 T.30 7.53 6.98 7.7 T.05 T.26 6.92 7.10
S8 6.67 T.26 T.22 T.15 T.61 7.03 Te46 6.91 T.64 65.98 7.17 6.85 7.03
L 1] 603 7.00 6.98 6.91 7.36 6,79 T.28 6.67 7.39 6.7 6.93 6,61 6.79
(1] ©.37 $.93 6.9 68k Te29 673 Toth 6.60 7.32 6.67 6.86 6,54 6,73

(13 6.38 6.06 6.8 607 Te22 6.66 T.07 6.53 7.25 6.68 6.79 6.47 bt
62 6.23  6.79 677 6.73 Te15 €.59 T.00 6.46 7T.18 6,53 6.72 6o 6.59
83 6.1¢€ 6.72 6.78 6.63 T.08 6.52 6,93 6.39 7.11 6.6 6.65 6.34 6.52
{ 1 625 .81 679 B6e72 747 £o81  T.02 6.48 7.20 6.55 6.Th 6,42 b. &1
65 €33 6.39  6.57 550 6.9  E.39  6.79  6.26 6.97 6.33 6.52 6.21 6.39

66 5.97 6.53 6.%0 Goble 6087 6.32 6.73 6.20 6.90 6.27 6.45 6.106 6,32
1 14 5.91 6,06 ot 6.37 6.01 6.26 6,66 6,14 6.86 6,21 6.39 6.08 6.26
68 5.85 600 630 6.31 B.75 £.20 6.60 6.88 6.78 6.15 6.33 6.82 6.20
89 5.80 638 6.32 $.26 6.68 bodbh 6,56 6.02 6.72 6.09 6.27 5.97 6.16
4] S.74 6429 b.26 b.20 6.63 €.09 6.48 5.97 6. 66 6.03 6.20 5.91 6.09

71 5.87 6.0l 6.39 6.32 6.75 6.21 6.61 6.09 6.79 6.16 634 603 6.2¢ 4
12 5.91 646 both 6.37 Y% 11 €.26 6.66 6Hole 6.83 6.20 6.39 6.08 6.26 :
73 $.93 G408 6o4b 6.39 6.03 6.28 6.68 6.16 6.86 6.22 Bebl 610 6.28
76 5,93 Gl 646 6539 6,83 6.28 6,63 6.16 6.66 6.22 6.4l 6.10 6.298
7% 5.91 .-51 [ YLN Y 6.38 6.82 €.27 6.68 6.16 6.85 6.21 Gebl 6.09 627 ' 1

Té 5.89 8.45 6e42 5.36 680 6e24 6.65 6.42 6.83 6.18 6.30 b.0E 6,25
144 5.85 [ 1130 6.38 632 6.77 t.2% 6.62 6.08 5.88 6.15 634 6.02 6.23
T8 8.72 6.29 6.25 6.19 6o 6b €08 649 5.95 6.67 5.02 6.2 5,89 6.08
79 5.65 6.22 6.18 6.13 6.57 6.01 643 5.89 6.61 5,95 645 5.83 6eC2
\ | 1] $.68 626 6.22 6ol 6o 61 E. 04 Gebb $.92 6.64 5.98 6.18 5.86 6.L5

81 5.90 6.48 YL} 6.38 6o 84 €.26 6.69 61l 6.87 6.20 6o 4l 6.08 be 27
EZ 6.‘6 6-65 6061 6055 ?001 E-b3 60'6 6.31 7-0“ 503' 6.57 6025 605“
[ 1 6.20 6.79 676 6569 715 €57 T.00 6.45 7.19 651 6.71 839 (Y31 }
[ 1] 665 T.85 TeG2 65.96 Telhd €s8% 7.27 674 Telb 6.78 6.93 6.6k 6o B4
85 6ol T 06 6.97 6990 7.37 6.78 .22 6.6% Teled 6.72 692 659 6.79

[ 1 Genb T.06 7.03 6.96 T o vl [ XY L} T.28 6.74 Teb? 6.78 6.99 6.6% 6485
[ 1 T«87 7.68 766 7.59 807 7 en? 7 .92 7.33 811 Tebd 7.61 T.27 Tab?
(1] 7.56 8.48 816 6.09 8.958 7.96 842 Te.82 8.62 7.90 8.11 T.76 r.96
[ 1] T.81 845 Bend 8.35 8085 8.23 8.69 8.09 8.89 8.17 8.37 8.02 8.22
90 7.97 8.6 8.%9 8.51 9.02 8.38 8.85 8.20 9.06 8.33 8.53 8.18 8.38

91 778 B.62 8.40 8.32 8.03 8.20 8.67 8.06 8.87 816 8.35 7.99 8.20
92 TeT2 0.36 8.3% 8.2 8.77 Beile 8.61 6.3C 8.61% 8.08 8.29 793 8s14
93 763 8.29 b.27 8.20 8.70 8.07 8.56 7.93 QT b 8.08 8.22 7.86 8.07

? 9% Toloh 8.08 8.06 T.98 8049 7.66 8.32 772 8.53 780 8401 T.65 T.66

i 9 T7.35 799 79 709 .39 776 8.23 7.62 803 7.20 7.9 T.56 T.76
) (

L 9% Tebd .05 $.03 7.98 8. 46 7.83 8.30 7.69 8.50 T.77 T.98 T.62 753

4 97 Te16 780 T 77 T.70 8.28 7.57 8e0n Tebl 8.286 7.5 T.72 T.37 T.57

: i L ] ] 7.07 TN T80 762 8.40 Teb8 79 T34 S8ell T2 7.63 T.28 Tobot

i { L 1) 6.98 T.68 T.58 Tob2 801 7.39 T.05 7.25 84065 7.33 754 7.19 7.39

- 168 6.89 T8 709 Teb2 792 7.30 7.75% 7.16 7.9% T7.23 TolS P18 7.30

. 101 6.80 703 7ol 7.33 7.82 7.20 T.66 7.07 T.86 Tedt T+35 Te.01 Te28

{5 162 672 Te3H 732 7285 7.73 7.12 7.58 6.99 T.77 7.06 T.27 6.93 7.13

r—-\
P




ELECTRONIC STOPPING POWER OF JONS AT VELOCITY V¢

ROUIFIED FIRSOV METHOD STOPPING POMER (1E-313 EV-CN2)
1
;
TARGET PROJECTILE ATOMIC NUMBER )
ATONIC 4
NUNBER 68 69 70 n r2 73 T 75 76 144 78 79 80

55 6.39 6.33 6.27 6.21 6.28 €.33 6.36 6.38 6.39 6.19 6.02 5.99 6.11
56 b.80 6.85 6.73 6.67 6475 6.80 6.84 6.86 6.87 6.67 6.50 bebB 6,60 :
57 7.33 6.97 6.91 6.84 6.92 6.98 7.01 Telb T.05 6.85 6.68 6.65 6.78 i
58 6.37 6.9 6 .80 6.78 6.85 6.91 6.95 6.97 6.98 6.78 6460 6.58 6.70
59 6.73 6.66 6.60 6.54 6.62 6.67 6.71 6.73 6.73 6.53 6436 6433 6. 46
6¢ 6.6€ 6.60 6.56 6.48 6.55 6.68 6.64 6.66 6.66 607 6¢29 He26 6.39

61 6.59 6.53 607 6.01 6. 08 €.53 6.57 6.59 6.59 640 6.22 6.19 6.32
62 6.52 6.46 6enl 6.36 6ebt €t 6.50 6.52 6.52 6.33 6.15 6.12 6. 25
63 Gend 5.39 6.33 6.27 6o 34 benl 6.43 6.45 645 6.26 6.08 6.05 6.18
b 65 b.48 6e0 6.36 6ob3 6.48 6.52 6.54 6.56 6.3% 6417 bHeln 626
65 6.32 6.26 .20 6.4 6.21 6.26 6.30 6.32 632 6.12 5.95 5.92 6s04

66 €.26 6.20 belly 6.08 6.15 €.20 6.23 6.25 6.26 6.06 5.83 5.86 5.98
67 €.20 6.1 6.08 6.02 6.09 belh 6.17 6.19 6.19 6.00 5483 5.60 5.92
68 6.164 6.08 6.02 5.96 6.03 6.08 6.11 6.13 6.13 5.9% S5.77 5.7 5.86
69 t.08 6.02 5.96 5.90 5.97 t.02 6.05 6.07 6.08 5.88 5.71 5.68 5.80
T0 €.02 5.96 5.90 5.85 5.92 5.97 6,00 6.02 6.82 5.63 5.66 5.62 S.T74

A

T: 6es5 6.89 6.03 5.97 6e04 6.09 6.12 6.14 6.15 5.95 5.78 5.75 5.87
72 .20 6.13 6.C7 6.02 6.09 Eolle 6.17 6.19 6.19 6.00 5.82 5.79 5.91
73 6.22 6.15 610 6.04 6.11 6.16 6.19 6.21 6.21 6.01 S84 5.81 5.93
T 6.22 6.16 6.13 6.04 6,18 6.16 6.19 6.22 6.21 6.01 5.84 5.81 5.93
78 6.22 b.15 6.09 6463 610 6.15 6.18 6.19 6.290 5.99 5.82 5.79 5.91

76 6.18 6.12 6.006 6.01 6.07 6.12 6.15 6.17 6017 5.96 5.79 5.76 5.88
44 6.15 6.99 6.03 5.97 6006 6.09 6.12 6.13 6.13 5.92 5.7  5.71 5.864
76 6.32 $.96 5.90 S.04 5.91 £.96 5.99 6.00 6.00 5.79 S.61 557 5.70
L4 ] 5.96 5.9C 5.8 5.73 5.0% 5.89 .92 5.93 5.93 5.72 5.53 5.5¢ 5.62
(1] 5.99 5.93 5.87 5.61 5,088 5.93 5.95 5.96 5.96 5.75 5.57 5.53 5.€6

81 €.21 6.15 6.09 6.03 6.10 €elb 6.17 6.19 6.19 5.97 5.79 5.76 5.88
82 6.38 6.31 6.25 6.13 6426 6031 6.3¢ 6.36 6.36 615 5496 5.93 6.CH
a3 6.51 b.45 €.33 6.33 6.4t EoleS 6.48 6.50 6.590 6.29 6.10 6.07 6.20
(13 677 6.7 6465 6.58 6.66 6.71 6.Te 6.76 6.77 6.55 6.37 6+34 boke?
85 6.72 6.66 6.59 6.53 6.61 €.66 6.69 6.71 6.71 6.56 6431 6.28 6.4t

L1 €. 78 6.72 6.65 6.59 6.67 672 675 6.77 6.77 6.56 6+37 6.34 6447
87 Tehl 7.33 7.26 T.20 T.28 Te36  T.37 T Tobd T.20 T.01 6.99 T.12
(1) 7.9 7.82 7.75 7.68 T.76 7.83 7.87 7.9 7.91 T.70 7.52 7.50 .63
89 6.15 B8.08 8.04 Te9% 8.02 8.09 6.1 8.17 8.18 7.97 T.79 T.77 7.9
90 .31 8.23 8.16 8.03 8.18 8.25 8.29 8.32 8.34 8.13 7.95 7.93 8.07

91 .22 8.05 7.98 7.91 8.00 6406 8,10 8.13 8.15 7.93 T.75 TeT3 T.87
92 8.06 7.9 Te92 T.85 Te 8.00 8.05 8.07 8.69 T.87 Te69 7.66 7.80
: 93 8.0C 7.92 705 T79 7.87 7.93 7.98 8.00 8.01 T.6¢C Te61 7.59 7.73
} . 9% T.79 T.71 7.65 7.58 766 .72 776 7.79 7.80 7.58 Tebd T.37 Te.1
, 93 7.69 V.62 7.55 Ted9 .57 7.63 Te67 T.69 T.70 Tokl T.30 Te27 Tot2

L 14 750 Tehd 7.37 7.30 7.38 Tetedy Tob8 T7.5¢C T.51 .29 T.40 T.07 T.21
9 Tewl 7ol Te.27 T.21 Te29 7.35 7.39 Teled Teb2 T.20 T.01 6.956 Te12
) 99 Tel32 T.25 T.18 Tes2 T.20 T.26 T.29 7.32 732 .10 6492 65.89 7.2
{ 100 T.23 Te10 Tei9 T.03 7011 7.16 T.20 T.22 7.23 7.0 6.03 6480 6.93

E v 9t Te7€ T.69 Te62 Te85 7463 7469 7.73 ?P.76 T.77 7.55 To36 Te3b 7.68
]
!

—-——— . . L
-—

Y
% 101 Telh T.97 T.08 6490 7.02 7.07 T.11 7.13 T.ib 6.92 6.73 6.71 684
| ‘ 162 7.36 6.99 6.92 6.80 6.9 6.99 7.03 7.05% 7.06 6.80 6.65 6.62 6. 76




ELECTRONIC STOPPING POWER OF IONS AT VELOCITY v§

MODIFIED FIRSOV METHOD STOPPING PONER (1E-13 EV-CM2)
TARGEY PROJECTILE ATOMIC NUMSER
ATONIC
NUNBER [ 3% a2 83 [ 19 85 86 87 (1] 89 L1 91 92

£ 1 6.25 6.69 6.69 605 700 Te12 7.22 7.81 8.33 8.49 8.61 8.19
56 6eTw 6.99 7.19 736 T.51 7.64 7.75 8.34 8,88 9.05 9.18 B.T74
57 6.32 Tea? 7.38 T.55 7«78 783 7.9 8.54 9.09 9.26 9.39 8.96
1] 6.8%5 T.10 7.30 Te08 T.62 7.75 T.86 8,47 9.02 9.19 9.31 8.88
59 6460 6.85 705 Te22 7.37 Ten9 7.60 8.20 8,74 8.91 9.03 8.60
60 6.53 6.78 6.98 T.15 7.29 Te62 7.53 8.13 8.67 8.83 8.95 8.52

61 646 §.7¢ 691 7.08 Te22 7.35 T 45 8.05 8.59 8.75 8.87 8.05
62 €.39 6.63 65.03 7.00 Te45 T.27 7.38 T.97 4,51 8.67 8.79 8.37
63 6.32 6.56 6.76 6.93 787 7.20 7.30 7.90 8.43 8.59 8.72 8.29
: (.11 6okl 6.65 6.085 T.02 7.17 7.29 T oo 8.00 8.54h 8.7¢0 8.82 8.39
! (11 6.18 b.42 6.62 6.79 6.93 7.06 7.16 T.75 8.28 8olele 8.56 8.1«

(.14 6a12 636 6.56 6.72 6.87 €.99 T7.09 7.68 8.20 8.36 6ou8 8.0¢ .

! &7 6,06 6.29 6409 666 6.080 6.92 T.02 7.61 8.13 8.29 (T3 T.99 1
(1] $5.99 6.23 6.03 6.53 6.73 6.86 6.96 T oSk 8.06 8.22 8.34 T.92 A
89 Se94 6.17 6.37 653 6.67 €.79 6.90 Teb? 7.99 8.15 8.27 T.85 ]
4 S.88 6.11 6.3 607 6. 61 €6.73 683 Teut 7.93 8.08 8.20 7.79 4

£ 6.01 6.24 boirle 6.560 6Tk €.87 6.97 T.55 .07 8.23 8.30 T.93
r2 6.05 6.29 bet9 6.65 6.79 €.91 T7.02 .60 8.12 8.28 8.40 7T.98
73 €.07 6.31 6.51 6.67 6.82 €.9% Tole 7.62 8.15 8.31 6.63 8.01
76 6437 6.32 6451 6.68 6. 82 €e %% Te0b 7.63 8.16 8.32 [ P LY 8.02
75 .05 6.29 6e09 6.66 6.080 6.93 T.03 T.62 8,16 8.32 8oisls 8.01

76 602 626 647 6ebl 6.78 6.90 7T.01 T.6¢C 8.14 8.30 8eel 7.99
144 5,96 6.22 6.03 6.60 6Tk €.86 6.97 .57 8,11 8.27 8.39 796
78 €e84 609 6.29 6.46 6.60 6.73 6.83 Tek3 T8 Seté 8.25 782
79 5,77 6.02 622 6.39 6453 €.66 6.70 T.36 Te.91 8.07 8.18 T«7%
(1] 5.80 6.05 6.26 643 6.57 €.69 6.80 Tebd 7.95 8.11 8.23 T.80

T TR e T e

(33 €.93 6.2 6.49 6.66 6.81 €.93 Te0u T.6¢ d.20 8.37 Gete 8 8.05
82 6420 6446 6.66 6.84 6499 .11 T.22 Tolu 8.39 8.56 8.68 B.24
(2] 6.35 660 6.81 6.99 Telle T.26 7.37 7.99 8.55 8.72 8.85 Bebl
, (13 6.62 6.088 7.09 T.27 Teh2 .55 7.66 8.29 8.86 9.03 9.16 8.71
[ (1] 6.56 65.82 7.03 T.21 7«36 T.49 7.60 8.22 8.80 8.97 9.10 8.65

i (1] 6462 65.88 7.10 T.27 Tebld 7.56 .67 8.3C 8.88 9.05 9.13 8.72
: 87 Te.28 T .54 T.76 T .96 6.10 8.2 8.35 9.0L 9.58 9.7¢ 9.93 343
; 88 779 8.06 8.28 847 8.63 e 77 8.89 9.55 10.14 10.33 10.47 10,06
i 1 89 8.07 8.34 8.57 8.76 8,92 9.06 9.19 9.8F CobS5 10.64 12.79 10.31
| 99 8,23 8.51 8.73 8.93 9.89 9e24 936 10.03 175.66 10.83 13.98 10.5C

9 8.03 8.33 8.53 8.73 8.09 Sela 916 9,83 10.44 10.63 10.77 10.29
« - R T.97 8.26 847 8.66 8.83 8,97 9.10 9.77 10.38 10.57 10.71 10.23
93 T.89 8.47 B8.48 8.59 8,76 8.90 9.02 9.7C 1030 10449 10.64 10.16
L ) 7.67 795 8.17 8.37 8,53 6.67 8.79 9.46 1C.07 10.20 13.40 9.92
95 757 7.85 8.07 8.26 8.463 8.57 0.69 9.36 9.97 10.15 106.30 9.8

{ 86 766 7.9 8.10 8.33 8.50 E.6b 8.76 9okt 10.06 10.23 10,37 9.89

‘ 97 7.37 7 .65 .87 8406 8.23 5037 849 9445 976 9.9¢ 10,08 9.6¢C
98 Te28 7.55 T.78 7,97 8.13 8.27 8.39 9.35 9.65 9.86 9.98 9,50

99 Te.28 7.6 7.068 T.87 8.03 e.17 8.29 8.9% 9.55 9.73 9,87 9.39

11 100 7.99 7.36 7.58 7.77 7.93 8.07 8.19 8.85 9.45 9.63 9.77 9.29

101 7.00 T.27 7049 768 T.84 T.97 8.69 8.75% 9.34 9.52 9.686 9.19
192 6,91 7.48 740 7.59 Te75 T.88 8.00 8.65 928 .63 9.56 9.09

T T




APPENDIX I

USE OF TABLE III TO CONSTRUCT
STOPPING-POWER CURVES

Table III gives stopping-power values at the velocity Vo ©
For velocities below Voo the stopping power can be taken to be
proportional to the velocity:
v
SC(V) = (-v—-) SC(UO)'

(o]

For velocities above Yo the stopping must be obtained by some
other method such as the scaling law of Eq.(4) of the text. To
interpolate between a minimum value of velocity for which such a
method is applicable and the velocity Vgs 2 straight line 1s
suggested.

Two examples are presented, carbon in carbon and for
nitrogzn in zirconium. The stopping at v = v, as found from the
tables 1s 0.70 x 10~ %3 and 2.03 x 10713 eV-cmz,'respectively.
For velocitles above 2v,, S, 1s obtained from a semi-empirical

method developed by ZieglerZ

in which the stopping S,(v,Z,) for
any projectile Z having velocity v in a target Z2 i1s related to

the proton stopping Sp(v,Zz) by a universal reduced stopping {S):

The proton stopping is taken from Andersen and Ziegler23. The

data are from Refs. 10, 16, and 19.
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