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ABSTRACT

Values of the electronic stopping power for projectiles from

carbon to uranium in elemental targets from hydrogen through the

transuranic elements at the Bohr velocity, vo = e AS, are presented

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

modified Firsov model. An algorithm for determi ning the stopping

power from v - 0 to v - 3 to 4vo is discussed. The stopping powers,

as obtained from this algorithm, are compared with an extensive
I.

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

series of graphs.
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INTRODUCTION

This-report presents the results of some theoretical

investigations to determine methods of calculating the electronict.
stopping power of low-velocity, heavy ions in all elemental target

materials. Our main result has been to use the Firsov model1 ,

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 o (Vo-e2/-2.7188 x 108 cm/sec.) are presented

in this report. Part of these results have been previously published2

I

but are included here for completeness. In the course of our

investigations we have tried to apply this basic model, with

additional modifications, such as varying the charge states of the

projectile, to determine S for all projectile velocities to about

v-3 to 4vo . 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,

v-2 to 3v 0 , the modified Firsov model with Se velocity proportional

to apply for v-vo , and a straight line extrapolation between.

Comparisons have been made of the results of this algorithm with as

mny data sets, which are in themselves extensive, that were known

L to us. The results of these comparisons are presented in a series

of graphs. Comparisons with the Lindhard-Scharff model3 for Sa are

also shown. This collection of data is of considerable interest in,

[" itself. Our algorithm shows generally good correlation with the

2
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j data. The conclusion contains a discussion of some of the theoretical

problems associated with this method.

I. The need to know accurate stopping powers arises in many

contexts. Ion implantation has become an important technique for

altering the surface of materials in connection with device

fabrication and in improving their resistance to wear and corrosion.

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

duced by the interaction of particles with the containment walls

of nuclear reactors. A third example concerns the increasing use

of ions heavier than helium in surface layer analysis. The present
[. work is intended to provide more accurate values for electronic

stopping powers for all projectile and target atoms than is presently
k

available from the low-velocity statistical theories.

3I
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j ANALIS

I. The electronic stopping power Se for projectiles with velocity
2/3o is frequently obtained from the well-known formula oft Z 0

Lindhard and Scharff,

2Se - 8we a(ZlZ2/Z)(v/Vo) (1)

where Z, and Z2 are the atomic numbers of the projectile and target,

-respectively, E-zl1/6 . z-(zl2I3 + z22/3)3/2, and aO is the Bohr
(ao-2/me2) There is a second result for Se which is also

widely used, first written by Teplova. et. al. and based on a model

of Firsov for the average excitation energy as a function of impact

parameter in a collision involving heavy ions:

= 5.15 x 10-l(Zl+Z2)(V/vo). (2)

This form is restricted to projectile and target combinations 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

Lindhard-Scharff result in particular produces reasonable values

for S throughout the periodic table, neither form explains certain

2 features of the experimental data. The data show that Se is a

periodic function of either Zor for constant projectile velocity,

S ±In contrast to the predictions of Eqs. (1) and (2) which indicate a

smooth behaviour. The data also shows that, for many projectile-
target system, Se is not a linear function of velocity in the low-2 8 K
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velocity region, as is predicted by Eqs. (1) and (2). Improvements

in the models are required to obtain values for S of greater

accuracy.

The present tables relate mainly to the dependence of S. on Z1

or Z2 . The observed periodic structure of S. on Z1 or Z2 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 function% was first

suggested by Chesire and Poate and by Bhalla, Bradford, and Reese

in calculations of Se within the context of a modified Firsov model5 '6.

Good qualitative results pertaining to the Z1 dependence were

achieved in calculations for differing projectiles in carbon,

particularly as regards the positions of the maxima and minima of

the stopping-power curves. These data were taken at Aarhus. In a

second application relevant to the Z2 dependence, the modified Firsov

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

materials 6 8 . Thus the agreement for both a Z1 and Z2 dependence

is quite satisfactory.

With this success it was of interest to apply the modified

Firsov model generally throughout the periodic table to obtain

improved values of S. over those predicted by Eqs. (1) or (2). In

the present authora'view this model has distinct advantages in that

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

atom can be taken into account, including the possibility of
9

considering different charge states for the projectile9 . However

5
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thi model has the disadvantage that its physical basis is somewhat

obscure and consequently it is difficult to establish corrections

on a fundamental level, Nevertheless, the Firsov model with the

Thomas-Fermi atomic densities leads to values for Se which are

close to those predicted by the Lindhard-Scharff result of Eq. (1).

If the Firsov model is evaluated with the Firsov plane placed at

the potential minimum, reasonable agreement between these models

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

* 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

tie expression,

!2

S*2 323rv~~ nl nlxe 2-/3 wnev F, F .a .i Vi x

i nl
(3)

C~ 22 2)3/2 nlz dr rra~ b4, Pi (r),

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

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

occupation number of the ith orbital, vn the electronic velocity,

Pi the electronic density, mi the fractional position of the Firsov

plane which divides projectile and target atoms, and bo is the

minimum impact parameter. The position of the Firsov plane is

located at the potential minimum for each projectile-target system

when the two particles are at the separation b. The electronic
60
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- velocities and densities were obtained for the ground state of the

singly ionized atomic projectile in the range Z < 54, from .he wave

functions given in the tables of Clementi and Roetti1 0 -

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 cLASL) and calculat -.i stopping powers using

these functions for target atomic densities, Z2 > 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 207.,

the stopping power of the target differed by less than 57.. For

projectile ions, Z1 > 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 power values than does the absence of

relativistic corrections. In summary our tables have been calculated

using relativistic atomic wave functions for Z2 2:54, but using non-

relativistic ionic wave functions for the entire range of Z1.

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 theory. 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.

7



While generally good agreement of the predicted values 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 Z2 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

Z1 Z 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

I 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.

I An important consideration concerns the region of projectile

velocity and energy for which these results are applicable. While

1 there is experimental evidence that Se is not velocity-proportional

even at low velocity (v < vo), the data can be correlated reasonably

well in this region by assuming a linear dependence on velocity.

[But for v > vo, sharp breaks from linearity frequently are obseved.
This is discussed in Ref. (9) in which variable projectile charge

states were considered within the modified Firsov model in an attempt

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

concluded that the modified Firsov model in general can produceL8



reasonabl values or S. onlygfor v:v with the assumption of~velocity-proportional s topping.

However, values of Se at v=-0 which do reflect the observed

periodic structure at lower velocities 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 law
12,

Se,z(v) ! (YZ1/yp)2 S epV) , (4)

where Selp(v) and Se z(v) are the stopping powers of incident

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

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

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 vc. For velocities between vo and vcl the stopping

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

v-vo with the stopping given by the scaling law at v=vc. Below v-vo

the stopping is found from the value at vo assuming velocity

proportionality. This simple algorithm generally proves 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 vc above vo , the projectile has

lost all of those electrons which give to Se a periodic structure

at low velocities. Above vc the ion behaves like a structureless

j particle with charge (Zl-n), where n equals the number of electrons

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

9
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scaling law above vc. However, there is evidence that the critical

velocity, v € , is Z1 dependent. We find for the most systems that

this algorithm produces reasonable agreement with the experimental

I data under the assumption that vcm 2vo. However, the data obtained

by using uranium projectiles is fitted better by assuming that

Vc t 3vo.

An explanation of the Z1 dependence of vc can be offered.

- Suppose that the number of out-r electrons, n, which are responsible

for structure effects and which are removed if the projectile

velocity exceeds vc, can be quantified as those which make

significant contributions to S. at v-vo, 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

they provide at least 17. of the calculated value of Se at v-v.

Using this criterion we have determined the number of such outer

electrons as shown in Table I. The abrupt changes in n at certain

values of Z, should not be taken too precisely since a slight change

in the arbitrary 17. criterion would shift these transition points.

However, if one considers these values as approximately correct, one

sees that n increases with Z1 . but does so in an oscillatory manner.

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

1 . large an n value as the other heavier ions for which we-have data(ha.oe-r),.

1 'which explains qualitatively why one must choose vc to be larger to

accomodate the uranium projectile data. Unfortunately there is a

scan'ty of experimental data for ZI >- 30, so the model must remain

L unproven until more data is available.

[ 10
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RESULTS

The values for S 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-vo. Values are listed in

two groups, the first for target atoms with 1 5 Z2 -5 54, and the

second for targets with 55 Z2 5 102, 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 Z2 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 considering the

vast amount of data for the lightest projectiles. Extensive data

* sets exist for projectiles with Z1 :5 20 in a standard set of elemental

targets, which include carbon, aluminum, nickel (and sometimes copper),

I silver and gold Extensive data also exists for light projectiles

(ZI : 13) in the noble gases4 (excluding radon) and in nitrogen and

air15 . The remaining extensive data sets include the halogen

projectiles, chlorine, bromine and iodine, and uranium projectiles

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



for isolated Zi in Z2. Data of the Chalk River group (Macdonald,

Ormrod and Duckworth)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.)19. for projectiles

6: Z1 5 20 in the standard solid targets at v = vo show an

interesting phenomenon concerning the Z, 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

ions, the halogens and uranium, on 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 nitrogen

projectiles 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

some miscellaneous results. Finally the last two graphs highlight

the Z, oscillations in carbon and the Z2 oscillations of nitrogen

projectiles at fixed velocity.

Certain observations and conclusions can be deduced from these

graphs.

1. In many cases the Lindhard-Scharff values are close to the

modified Firsov values at v-v0 . 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
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2. The extrapolation procedure described previously which

joins the modified Firsov value at vo to the scaling law predictions

above 2vo 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 Brownl,,.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 below vo is higher for uranium

projectiles then is required for the other projectiles 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 2vo 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 a 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

13



ionized even at a velocity of vo. 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-vo 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 velocity 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 ti and ei

are the corresponding theoretical and experimental values, respectively,

we compute the quantity

N

(5)
i-l

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 described 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

14
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theoretical values with experimental data. The overall unweighted

average of the errors for the six data sets considered is 357. for

. the Thomas-Fermi density calculations and 17% for the modified

Firsov calculations, This, perhaps, may be ta1'-n as an indication

of the overall error inherent to each model. These data include

Il both solid and gaseous targets. No significant difference in the

ability of this model to predict the electronic stopping of solid

-. and gaseous targets can be seen.

/ Li



* ,'1. GENERAL DISCUSSION AND CONCLUSIONS

L- This report presents values of the electronic stopping power

at the velocity vo 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 3-4vo, Comparisons of these stopping power curves with a

considerable 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 ? 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 Z2

oscillations. However, in implementing the present approach, there

are two significant departures from the original model. The first

is the use of-the expression for [(T>]lI12 , where T is the kinetic

energy operator, from 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 Vave -I< k >/m. The

16



other is the use of a non-zero minimum impact parameter, required
so that the model does agree with experiment. The root-mean-square

formula gives values for the velocity of the outer orbitals which

are considerably 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
20and his colleagues who are attempting to provide a more concrete

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

a minimum impact parameter was provided by Denkin 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-velocity projectiles.

In the 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-workers
20
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I.
applied to date only for light projectiles, p and He. are quite

promising. Furthermore, this basic model allows-for systematic

improvements. Further research in this direction is continuing.

ft
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II

TABUE I. OUTER ELECTBDNS VERSUS PROJECTILE ATOMIC NUMBER

zi Uzi

[6 3 49 12
7 4 50 13
8 5 51 4
9 6 52 5
10 7 53 6
11 8 54 7
12 7 55 8

. 13 2 56 9
14 3 57 10
15 4 58 11
16 5 59 10
17 6 60 13
18 7 61 10
19 8 62 9
20 9 63 10
21 10 64 10
22 11 65 10
23 12 66 10
24 11 67 10
25 6 68 10
26 7 69 10
27 8 70 10
28 9 71 10
29 10 72 11
30 11 73 12
31 12 74 13
32 3 75 14
33 4 76 13
34 5 77 14
35 6 78 15
36 7 79 16
37 8 80 11
38 9 81 12
39 10 82 13
40 11 83 14
41 12 84 15
42 13 85 6
43 12 86 7
44 13 87 8
45 .8 88 946 9 89 10
47 10 90 11
48 11 91 12

92 13

LI 19
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TABLE III

ELECTRONIC STOPPING POWER OF IONS

21
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ELECTRONZC SlOPPING POWER CF IONS AT VELOC! I V

NODIFIED FZRSOV MET400 STOPPING POWER (IE-11 EV-CH2)

TARGET 
PROJECTILE ATOHIC NUOSER

muNSER L ? at 12 13 1 15 16 17 16

O t * 0t6 .24 .23 .21 .19 .33 .42 .49 .53 .51 ,3 51

2 .2 .23 .21 .*! 11, .1? . 1 .39 .'6 .469 ..9 .9 .'7

3 *7 .75 .71 .b o .65 .61 .81 .96 1.13 1.23 1.27 1.29 1.27
* 79 *7* .7? .71 .68 .6' .66 1.03 1.19 1.29 1.34 1.3e 1.35

5 .76 *78 .72 .69 .66 .64 .66 1.02 1.17 1.26 1.30 1.32 1.3?

6 .70 .69 066 .6. .61 .S8 .82 .96 1.13 1.20 1.23 1.2F 1.2.

7 066 .64 .61 .S9 .66 .53 *77 .93 1.08 1.1' 1.14 11b 1.1
?

6 .62 061 .58 S6 .53 .g6 074 .90 1.04 1.11 1.13 1.14 1.13

9 ,S9 .S7 .6' of2 .49 .46 .70 .86 1.00 1.06 1.06 190 1.08

10 .ss .53 .$1 .48 .46 .63 .66 .81 .94 1.01 1.0? 1.0 1.,2

11 .8? .86 .83 .80 .77 .73 .9? 1.14 1.31 1.40 1.4' 1.46 1. 6

12 1.05 1.1' 1.01 .98 .9. .90 1.16 1.35 1.S3 1.64 1.-0 1.73 1.73

13 1.21 1.22 1.19 1.15 1.11 1.06 1.3% 1.SS 1.75 1.6 1.95 2.0C 2.01

lk 1.2. 1.24 1.21 1.18 1.1 1.09 1.39 1.60 1.81 1.94 2.01 2.07 206

is 1.21 1.21 1.18 1.15 1.11 1.67 1.36 1.60 1.81 1.93 1.99 2.0' 2.05

18 1.21 1.21 1.18 1.16 1.12 1.67 1.40 1.62 1.84 1.96 2.01 2.08 2.07

17 1.16 1.16 1.13 1.10 1.06 1.62 1.35 1.58 1.80 1.91 1.96 ?.CC 2.0T

16 1.10 1.10 1.07 1.05 1.01 .96 1.30 1.54 1.75 1.86 1.93 1.9 1.93

19 1.36 1.37 1.3. 1.31 1.27 1.22 1.57 1.61 2.05 2.17 2.23 2.2B 2.29

20 1.I4 1.56 1.53 1.50 1046 1.41 1.76 2.01 2.26 2.40 2.1.? 2.53 2.S5

21 1.54 I.SS 1.52 1.'0 1.45 1.40 1.75 2.01 2.26 2.39 2.47 2.52 2.5"

22 1.50 1.51 1.49 1.46 1.42 1.36 1.72 1.9 2.21 2.35 2.42 2.&F 2..9

23 1.46 1.48 1.45 1.42 1.38 1.33 1.67 1.92 2.17 2.30 2.37 2.42 2.4

2' 1.35 1.36 1.33 1.31 1.26 1.21 1.55 1.20 2.03 2.16 2.22 2.27 2.21

25 1.39 1.'0 1.37 1.34 1.30 1.25 1.59 1.83 2.07 2.20 2.26 2.37 2."?

2t 1.37 1.37 1.35 1.32 1.26 1.23 1.56 1.60 2.04 2.17 2.23 2.2f 2.29

27 1.34 1.3S 1.32 1.30 1.25 1.20 1.53 1.77 2.00 2.13 2.20 2.25 2.26

28 1.32 1.33 1.30 1.27 1.23 1.16 1.60 1.74 1.97 2.10 2.16 2.21 2.22

29 1.25 1.25 1.22 1.20 1.15 1.11 1,42 1.68 1.66 2.00 2.0' 2.12 ?.12

30 I.Z6 1.27 1.24 1.21 1.17 1.12 1.44 1.6i 1.89 2.02 2.08 2.1' 2.14

31 1.38 1.39 1.36 1.33 1.29 1.24 1.56 1.80 2.63 2.17 2.2. 2.29 2.31

32 1.44 1.45 1.42 1.39 1.35 1.30 1.E3 1.I6 2.11 2.25 2.33 2.3S 2.43

33 1.46 1.47 1.44 1.42 1.37 1.32 1.87 1.91 2.16 2.30 2.3? 2.4! 2.45

34 1.49 1.51 1.48 1.45 1.41 1.36 1.71 1.97 2.22 2.36 2.44 2.5C 2.51

35 1.'.9 1.51 1.48 1.45 1.41 1.36 1.73 1.99 2.25 2.39 2.46 2.52 2.53

36 1.47 1.46 1.45 1.43 1.38 1.33 1.71 1.96 2.24 2.38 2.4. 2.50 2.51

37 1.75 1.76 1.75 1.73 1.68 1.63 2.02 2.30 2.59 2.74 2.62 2.9L 2.92

36 1.98 2.1 1.99 1.97 1.92 1.86 2.27 2.57 2.66 3.03 3.12 3.21 3.24

39 2.01 2.14 2.52 2.0 1.95 1.89 2.30 2.61 2.91 3.08 3.17 3.26 3.29

40 2.00 2.93 2.01 1.99 1.9' 1.66 Z.30 2.61 2.91 3.06 3.17 3.25 3.28

'.1 1.e7 1.90 1.68 1.85 1.81 1.75 2.17 2.46 2.78 ?.94 3.02 3.1' 3.12

42 1.83 1.65 1.83 1.61 1.7b 1.70 2.13 2.43 2.73 2.89 2.98 3.0L Z.06

43 1*69 1.92 1.90 1.87 1.63 1.77 2.19 2.0 2.80 2.97 3.05 3.12 3.15

410 1.76 1.80 1.76 1.7S 1.71 1.65 2.07 2.38 2.-e 2.84. 2.92 2.9F 3.0c

'S 1.74 1.76 1.73 1.71 1.66 1.61 2.03 2.33 2.E2 2.78 2.66 2.92 2.94

46 1063 1.65 1.62 1.680 1.ss 1.50 1.91 2.21 2.50 2.65 2.73 2.79 2.60

47 1.6 1.67 1.64 1.82 1057 1.52 1 ,3 2.23 2.52 2.67 2.75 2.81 2.62

'8 1.70 1.72 1.79 1.67 1.63 1.57 1.98 2.2t 2.57 2.72 2.60 2.86 2.68

49 1.62 1.64 1.62 1.79 1.75 1.69 2.10 2.4c 2.70 2.66 P.94 3.01 ,03

SO 1.69 1.92 1.90 1.67 1.63 1.77 2.18 2.49 2.79 2.95 3.04 31t 3.14

51 1094 1.97 1095 1.92 1.66 1.62 2.24 2.54 2.85 3.02 3.11 3.18 3.21

52 2.00 2.04 2.02 1.99 1.9' 1.68 2.31 2.62 2.93 3.11 3.29 3.28 3.31

53 .64 2.0? 2.05 2.03 1.98 1.92 2.35 2.67 2.99 3.16 3.26 334 3.3'

54 2.04 2.97 2.05 2 .03 1.98 1.92 2.36 2.69 3.01 1.16 3.26 3.36 3.39
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ELECTRONIC STOPPING POWER C( iO AT V -LOCiY VI

fOjfUIEO FIRSOV METHOD STOPPING POWER (11-13 EV-C'2

PROJECTILE ATOMIC NUOBER

TARGET 29 30 31

NUMBER 19 20 21 22 23 24 25 24 7 51

1 .1.6 .61 .5 059 .51 .4 .54 .53 .06 .43 .41 .7 .51

*go.. 5 .55 .57 .458 .46 -St .50 101 3 . 1 lg 1*135 1,21

3 1.23 1.39 1.36 1.37 1.24 1.20 1.2713 .11 1.7 1.13 1.21
3 1.32 1.49 1.46 1.47 1.35 1.30 1.37 1.34 1.24 1.21 1.16 1.22 1.30

5 1.28 1.46 1.44 1.7 1.34 1.30 1.a7 1.3s 1.24 1.22 1.19 1.23 I.E

6 1.21 1.42 1.35 1.41 1.26 1.2f 1.32 1.30 1.20 1.16 1.15 1.19 1.26

7 1.14 1.3 1.31 1.33 1.21 1.16 1.2 1.23 1.14 1.12 1.09 1.13 1.23

a 1,10 1.32 1.26 1.31 1.15 1.14 1.-22 1.20 1.11 1.08 1.06 1.1 1.16

9 1.05 1.26 1.22 1.26 1.13 1.09 1.17 1.15 1.05 1,03 1. 1.05 1.11

10 .99 1.20 1.t6 1.19 1.07 1.63 111 1.09 1.60 .98 .95 .99 1.05

11 1*43 1.64 160 1.63 1.50 1.46 1.53 1.51 1.k 1.38 1.36 1.38 1.4b

12 W.70 1.92 lo6 1.91 1.77 1.73 1o0 1.77 1.66 1.63 t.59 1.63 1.71

13 1.98 2.22 2.17 2.20 2.05 2.09 2.o 2.05 1.93 1.89 1.55 1.69 1.98

14 Z.05 2.30 2.26 2.2% 2.14 2.09 2.16 2.13 2.61 1.97 l.93 1.9' 2.06

15 2.03 2.29 2.25 2.29 2.13 2.08 2.16 2.13 2.01 1.97 1.93 1.9- 2.06

16 2.O4 2.32 2.25 2.32 2.16 2.11 2.20 2.17 2.04 2.01 1.97 2061 2.13

17 1.97 2.27 2.22 2.26 2.10 2.85 2.1 2.11 1.99 1.q6 1.92 1.96 2.05

18 1.90 2.20 2.15 Z.20 2.03 1.99 2.08 2.05 1.93 1.41 I.!? 1.91 1.99

19 2.26 2.57 2.52 2.57 2.90 2.35 2.45 2..2 2.29 2.25 2.21 2.2f 2.34

20 2.53 2.8. 2.79 2.8 2.67 2.62 2.71 2.65 2.S4 2.51 2.46 2.S0 ?.59

21 2.52 2.03 2.79 2.84 2.66 2.61 2.70 2.67 2.54 2.50 2.45 2.49 2.59

22 2.46 2.76 2.73 2.78 2.61 2.56 2.65 2.62 2.49 2.45 2..0 2.4 2.54

23 2.41 2.73 2.68 2.73 2.55 2.50 2.60 2.56 2.43 2.40 2.35 2.39 2.S

24 2.26 2.57 2.52 2.57 2.40 2.35 2.14 2.41 2.28 2.25 2.20 2.24 ?.33

25 2.30 2.61 2.56 2.61 2.44 2.39 2.1.8 2.45 2.32 2.26 2.24 2.28 2.37

26 2.27 2.57 2.52 2.57 2.40 2.35 2.'' 2.41 2.28 2.25 2.20 2.25 2.33

27 2.24 2.56 2.49 2,54 2.37 2.32 2.41 2.38 2.25 2.21 2.1
?  2.21 2.30

28 2.20 2.50 2.4s 2.49 2.33 2.28 2.3T 2.34 2.21 2.17 2.13 2.17 2.2b

29 2.10 2.39 2.3 2.39 2.22 2.17 2.26 2.23 2.10 2,07 2.03 2.07 2.15

30 2.11 2.40 2.35 2.40 2.23 9.18 2.27 2.24 2.12 2.08 2.0" 2.08 2.17

31 2.26 2.96 2.53 2.52 2.0 2.35 2.44 2.41 2.28 2.25 2.20 2.24 2.33

32 2.36 2.66 2.63 2.68 2.51 2.45 2.4 2.5l1 2.38 2.34 2.23 2.34 2.43

33 2.43 2.73 2.69 2.73 2.56 2.51 2.80 2.57 2.43 2.40 2.15 2.39 2.45

316 2.49 2.61 2.76 2.81 2.64 2.58 2.6 2.64 2.51 2.47 2.42 2..6 2.56

35 2.51 2.84 2.79 2.604 2.66 2.61 2.70 2.6? 2.54 2.50 2.45 2.49 2.59

36 2.49 2.63 2.7? 2.83 2.65 2.60 2.70 2.66 2.S3 2.49 2.44 Zo4 2.58

3? 2.90 3.26 3.20 3.26 3.05 3.02 3.12 3.08 2.94 2.90 2.85 2.69 2.99

36 3.22 3.59 30.4 3.61 3.41 3.35 3.46 3.2 3.2T 3.23 3.17 3.21 3.31

39 3.26 3.65 3.60 3.67 3,47 3.41 3.52 3.48 3.33 3.29 3.23 3.27 3.37

48 3o27 3.65 3.60 3.67 3.47 3.4l 3.52 3.48 3.33 3.29 3.23 3.27 3.37

41 3.10 3.k9 3.43 3.5 3 330 3.t4 3o35 3.32 3.17 3.13 3.07 3.11 3.22

42 3.04 3.43 3.38 3.4, 3.25 3.19 3.30 3.27 3.12 3.08 3.02 3.06 3.17

43 3.13 3.52 3.16 3.3 3o33 3.26 3.39 3.35 3.21 3.16 3oll 3.15 3.25

44 2.96 3.37 3.31 3.36 3.18 3.13 3.24 3.20 3.06 3.02 2.96 304C 3.11

45 2.92 3.31 3.25 3.32 3.12 3.07 3.16 3.14 3.00 2.96 2.90 2.9. 3.05

46 2.75 3.17 3.11 3,16 2.96 2.92 3.03 3.00 2.*6 2.82 2.77 2.60 2.91

47 2.80 3.16 3.12 3.19 2.99 2.94 3.05 3.02 2.67 2.83 2.76 20? 2.92

45 266 3.2k 3016 3S 3.65 3.06 3.11 3.0? 2.93 2.69 2.6. 2.86 2.98

49 3.01 3,4 3.34 3.41 3.21 3.16 3.26 3.23 3.08 3.04 2.99 3.03 3.13

9 1 Selz j 3*45 3*52 3.32 3.2? 3,37 3.34 3.19 3.15 3.09 3.13 3.24

[1 1 3.19 3.$5 3.53 3.60 3.40 3.34 3.45 3.41 3.*26 3.22 3.17 3.2C l.1

52 3.30 3.69 3.64 3.71 3.51 3.1 3.56 3.52 3.3? 3.33 3.2 3.31 3.41

53 3o36 3.76 3070 3.78 3o? 3.91 3,63 3.99 3,44 3.39 3.33 3.37 3.48

U 3.37 3o,7 3.3 3.60 3.99 3.5% 3.65 3.61 3.46 3.41 3.36 3.39 3.50

A.



ELECTRONIC STOPPING POWER CU IONS AT VELOCITY V@
MODIFIED FIRSOV METHOD STOPPING POWER (If-$1 EV-CM2I

TARGET PROJECTILE ATOMIC NUMBER
ATOMIC
NUMBER 3? 33 34 35 36 37 38 39 t. Ll 42 43 4L

I ,r9 464 .67 .69 ,70 .70 o64 .94 .a6 .81 .79 .84 .6
2 i56 .61 .63 .65 ,66 -65 .81 .92 .&S .77 075 .61 .P3
3 1.33 1.43 1.50 1.s 1.61 1.62 1.81 1.95 1.90 1.62 1.79 1.85 1.75
4 1.43 1.S3 1.60 1.68 1.7Z I.7' 1,96 2.12 2.L5 1.96 1.9 2.02 1.91
S 1.43 1.52 1.58 1.65 1.69 1.70 1.94 2.12 2.04 1.95 1.92 2.00 1.89

6 1.36 1.47 1.52 1.56 1.61 1.62 1.87 2.06 1.97 1.66 1.64 1.93 1.62
7 1.32 1.40 1.46 1.51 1.54 1.'4 1.60 1.99 1.89 1.73 1.76 1.64 1.'3
8 1.29 1.37 1.42 1.47 lo50 1.50 1.76 1.96 1.85 1.74 1.72 1.81 1.69
9 1.23 1.31 1.3? 1.42 1.44 1.44 1.?0 1.69 1.79 1.68 1.65 1.74 1.63
10 1.17 1.25 1.30 1.35 1.37 1.37 1.63 1.62 1.72 1.60 1.56 1.67 1.56

11 1.!9 1.68 1.75 1.62 1.66 1.67 2.23 2.33 2.24 2.14 2.11 2.20 2.09
12 1.65 1.96 2.04 2.12 2.17 2.19 2.46 2.67 2.56 2.48 2.46 2.55 2.4?
13 2.13 2.25 2.34 2.43 2.49 2.52 2.81 3.03 2.95 2.66 2.63 2.93 2.51
I& 2.21 2.33 2.43 2.52 2.58 2.62 2.93 3.16 3.06 2.98 2.95 3.06 2.93
15 2.22 2.34 2.42 2.52 2.58 2.61 2.'3 3.17 3.08 2.97 2.95 3.06 2.94

16 2.26 2.38 2.L6 2.55 2.61 2.64 2.98 3.23 3.13 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
16 2.16 2.26 2.36 2.44 2.46 2.50 2.e6 3.13 3.00 2.87 2.6i 2.97 2.8
19 2.51 2.64 2.73 2.63 2.89 2.91 3.29 3.57 3.45 3.32 3.31 3.43 3.32
2C 2.77 2.90 3.09 3.11 3.17 3.21 3.59 3.69 3.77 3.64 3.61 3.76 3.62

21 2.76 2.90 3.00 3.10 3.17 3.20 3.99 3.88 3.77 3.63 3.62 3.7! 1.62
22 2.71 2.65 2.94 3.04 3.11 3.14 3.S3 3.82 3.70 3.57 3.56 3.69 3.SS
23 2.66 2.79 2.89 2.99 3.05 3.08 3.46 3.76 3.64 3.5r 3.41 3.62 3.46
24 2.50 2.63 2.73 2.82 ?.86 2.91 3.29 3.57 3.45 3.32 3.33 3.43 3.3;
25 2.5. 2.67 2.76 2.66 2.92 2.9S 3,.3 3.61 3.50 3.36 3.35 3.46 3.34

26 2.51 2.63 2.73 2.62 2.69 2.92 3.29 3.57 3.45 3.32 3.11 3.4' 3.?0
27 2.47 2.60 2.69 2.?8 ?.65 2.68 3.24 3.52 3.41 3.26 3.26 3.39 3.25
26 2.43 2.SS 2.65 2.74 2.80 2.63 3.20 3.47 3.36 3.23 3.22 3.34 T.21
29 2.32 2.4. 2.53 2.63 2.69 2.72 3.0C7 3.34 3.23 3.11 3.04 3.21 1.08
30 2.33 2.45 2054 2.6. 2.70 2.73 3.08 3.35 3.26 3.11 3.10 3.22 3.09

31 2.50 2.63 2.7? 2.82 ?.68 2.92 3.28 3.SS 3.44 3.32 3.31 3.43 ?.32
32 2.60 2.73 2.63 2.93 2.99 3.03 3.40 3.66 3.57 3.5 3.43 3.56 3.L2
33 2.65 2.79 2.69 2.99 3.06 3.09 3.47 3.75 3.e4 3.52 3.51 3.63 1.-0
34 2.740 2.87 2.97 3.08 3.15 3.19 3.57 3.86 3.75 3.62 3.61 3.74 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 '.65

36 2.76 2.90 3.00 3.10 3017 3.20 3.e 3.92 3.79 3.65 3.64 3.76 3.64
37 3.16 3.33 3.44 3.SS 3.63 3.68 4.10 4.43 4.31 4.18 4.17 4.31 L.i?
36 3,.1 3.66 3.78 3.91 3.99 4.65 4.49 4.63 4.71 4.58 4.57 4.72 4.55
39 l.fT 3.73 3.65 39 4.06 4.12 4.57 4.91 4.79 4.66 4.66 4.81 4.67
40 3.68 3.73 3.65 3.96 4.66 4.11 4.57 4.93 4.60 4.66 4.66 4.61 4.67

41 3.42 3.56 3.69 3.61 3.69 3o94 4.40 4.7S 4.62 4.47 4.46 4.62 4.47
42 3.37 3.53 3.64 3.76 3.84 3.66 4.05 4.?0 4.S6 4.41 4.43 4.56 4,41
43 3.46 3.61 3.'3 3.65 3.93 3.98 4.44 4.60 4.66 4.Sl 4.50 4.67 &.51
454 3.31 3.4? 3.96 3.70 3.78 3.62 4.28 4.64 4.50 4.34 4.33 4.49 4.4k
45 3.25 3.41 3o52 3.64 3.71 3.75 4922 4.57 4.43 4.27 4.26 4.42 4.27

46 3.11 3.26 33? 3.49 3.56 3.60 4.06 4.41 4.27 4.10 4.11 4.26 4.1I
47 3.13 3.26 3.39 3.51 3S56 3.61 4,08 4.43 4.26 4.12 4.11 4%2? 4.12
48 3.18 3a34 3.4S 3.96 3.64 3,66 4.14 4.49 4.35 4,16 4.18 4.34 4.18
49 3.34 3.9 3.60 3.72 3.60 3.64 4.31 4o66 4.52 4.37 4.36 4.S2 4.3'
50 3.44 3.66 3.71 3.84 3.92 3.96 4.43 4.?9 4.65 4.49 4.49 4.65 4.50

91 3.51 3.67 3.79 3.92 *10@ 4.04 4.51 4.67 4.74 4.68 4.56 4.7? 4.S9
52 3.62 3.78 3.90 4.03 4.12 4.16 4.64 S.00 4.67 4.72 4.72 4.88 4.73
53 3.69 3.85 3.97 4.10 4.19 4.24 4.72 5.39 4.96 4.80 4.60 4.97 4.8
54 3,71 3.86 4,01 4.13 4.22 4.27 4.76 S.13 4.99 4.6. 4.64 S.01 4.65



ELECTRONIG STOPPING POWER OF IONS 'T VCLOCZVY VO
MOOIFZEO FIRSOV METHOO STOPPING POVER I1E-13 fV-Cm2J

TARGET PROJECTILE ATORIC MJNWER
ATOMIC
NU"SER 45 5.6 47 48 49 5 51 152 5 5

1 .60 .71 .68 .72 .77 .85 .31 .97 l.Ot 1.03
2 .?7 .66 .65 .? .74 .52 .58 .92 .96 .98
3 1.79 1.67 1.62 1.67 1.73 1.63 1.92 2.OC 2.09 2.16
& 1.96 1.63 1.7 1.82 1.88 1.99 2.09 2.17 2.2s 2.33
S 1.gS 1.82 1.?? 1.6 1.88 2.55 2.09 2.16 2.24 2.31

6 1e6 1.75 1.70 1.78 1.82 1.93 2.03 2.99 2.17 2.2Z
7 1.80 1.67 1.62 1,68 1.74 1.56 1.95 Z.32 2.09 2.14
6 1.?6 1,63 1.58 1.64 1.71 1.63 1.92 1.96 2.06 2.10
9 1.69 1.57 1.S2 1.S 1.6S 1.76 .eS 1.9r 1.99 2.04
10 1.62 1.49 1.45 1.51 1.57 1.69 1.76 1.54 1.91 1.96

11 2*15 2.02 1.96 2.02 2.09 2.21 2*30 2.35 2.4.6 2.52
12 2.50 2.36 230 Z.36 2*43 2.SS 2.65 2.73 2.82 2.69
13 2.07 2.73 2.66 2.72 2.79 2.92 3.02 3.11 3.21 3.29
14 3.00 2.165 2.?9 2.55 2.92 3.0S 3.t6 3.24 3.35 3.43
15 3.01 2.5 2.79 2.65 2.93 3.06 3.17 3.26 3.36 3.4.

16 3.95 2.90 2.64. 2.90 2.98 3.12 3.23 3.32 3.4 3.S0
17 2.99 2.63 2.? 2.64 2.92 3.56 3.16 3.27 3.17 3.44
18 2.92 2.76 2.70 2.77 2.6S 3.00 3.11 3.20 3.31 3.35
19 3.36 3.22 3.15 3,22 3.30 3.45 3.56 3.67 3.78 3.86
20 3.? 3.S4 3o47 3,S4 3.63 3.71 3.'S1 4.0t 4.12 4.21

21 3.70 3.S3 3.47 3,S5 3.62 3.77 3.03 4.09 4.11 4.21
22 3.64 3.47 3.4C 3.4? 3.56 3.T 3,o4 3,94 4.05 4.1;
23 3.- 3.40 3.34 3.41 3.49 3.64 3.77 3.87 3.98 4.07
24 3.36 3,22 3.t5 3.2 3.30 3.46 3.58 3.6! 3.79 3.87
25 3..2 3.26 3.19 3.26 3.35 3.50 3.62 !.7? 3.83 3.91

26 3.36 3.22 3.15 3.22 3.30 3.46 3.58 3.66 3.78 3.87
27 3,34 3.17 3.11 3.15 3.26 3.41 3.53 3.E3 3.74 3.62
28 3.29 3.13 3.06 3.13 3.21 3.36 3.48 3.58 3.68 3.76
29 3.16 3.00 2.93 3.00 3.06 3.23 3.35 3.L4 3.55 3.63
30 3.16 3.01 2.94 3.01 3.09 3.24 3.36 3.45 3.55 3.63

31 3.36 3.22 3.15 3.22 3.30 3.44 3.56 3.6e 3.77 3.8S
32 3.50 3.34 3.2? 3.34 3o42 3.57 3.69 3.79 3.S0 3.99
33 3.5a 3.42 3.35 3.42 3.50 3.65 3.77 3.87 3.98 4.07

[ 34 3.69 3.52 3.45 3.52 3.61 3.76 3.69 3.99 4,10 4.19
35 3.73 3.57 3.S0 3.57 365, 3.61 3.94 4.04 4.15 6.24

3G 3-73 3:56 3:49 3*S6 3*65 3.61 3*94 4.04 4.16 4.25
37 -3 426 6-09 4*02 4*09 *16 4.34 4.46 U.S9 4.71 4.81
38 4.60 4.50 4.42 4.50 4.S9 4.76 4.so 5.01 5.14 5.24
39 6.76 4.56 4.S 4.SS 4.67 4.8 4.59 f.10 5.23 S.34
t0 4.77 4%56 4.91 4.59 4.68 .GS 5.00 5.11 5.24 5.35

41 4.57 4939 4.31 4o39 4.49 4.66 4.'1 4.93 5.06 5.16
42 4,[1 4.33 4,25 4.33 4o43 4.61 4.75 LIS7 5.00 5.10
43 4.62 4%43 4.35 4*44 4.53 4.71 4.el 1'.98 5.11 5.21
44 4.44 4.26 4.18 4.26 -. 36 4.64 4.69 4.81 4,94 5.14
45 4.37 4.16 4.11 4.19 4o29 4.47 4.62 6.74 4.87 4.97

46 ko0 4.02 3o94 4.03 4.12 4.31 4,45 &.57 4.70 L.50

47 4.22 4.03 3o96 4.64 4164 4.32 47 4.58 4.72 4.81
48 4.29 4.10 A.03 4.11 4*20 4.39 4.53 &*65 4.78 4.66
49 4.47 4.29 4.21 4.29 4.39 4.57 4.72 4.83 4.97 5.0?
so 4.60 4.42 4.34 4.42 4.2 4.70 4.65 4,97 s.10 5.20

51 4,70 4.51 4.43 4.51 4.61 4.79 5C4 5.06 5.19 5.30
92 . 3 4.65 4.57 4.61 4.75 4.93 5.08 S.20 S.33 S.44
53 4 .92 473 4.66 4.?' 4.84 5.02 S.17 S.29 S,43 S.53
54 4.96 4.7? 4.69 4.?? 4.87 5.06 Sel1 5.33 S.47 S.S7

-.AMAL



ELECTRONIC STOPPING POWER OF IONS AT VELOCITY VI

MODIFIED F!RSOV METWOO STOPPING POWER C1E-13 EV-0N21

TARGETPROJECTILE ATOMIIC NMSER
ATOMIC
UMBER .9 56 or 55 59 63 61 G2 63 6o# 65 66 67

I egg 1O6 1.14 1.12 1.te 1.37 1.26 1.83 1.26 1.64 lol1 1.33 1.37
a 094 1.13 1.39 1.09 1.23 1.3k 1.10 1.60 1.24 1.62 1.16 .96 1.6
3 2.12 2.36 2.36 2.36 2e48 2.23 2.43§ 2.15 2.4#6 2.18 2.25 2.11 2.19
4 2.36 2.1% 2.11 2.50 2.70 2.42 1.62 2.35 2.73 2.36 2.46 2.31 2.39
1 2.27 245 2.54b 2.o49 2.71 2.42 2.63 2.35 2.72 2.36 2.8#6 2.*31 2.41l

6 2.19 2.48 2.465 2.42 t.65 2.35 2.57 2.26 2.66 2.31 2.42 2.21 2.36
7 2.10 2.60 2.36 2.34 2.56 2.26 2.56 2.21 2.59 2.24 2.35 2.17 2.29
6 2.617 2.37 2.33 2.31 2.55 2.24 2.47 2.17 2.56 2.23 2.32 2.14 2.26
9 2.6 2.30 2.26 2.2b 2.46 2.17 2.40 2.11 2.49 2.11. 2o26 2.37 2o19

18 1.92 2.22 2.17 2.16 2.40 2.69 2o32 2.32 2.41 2.35 2.17 1.99 2.11

p11 2.46 2.66 2.77 2474 2.96, 2.66 2.69 2.59 2.99 2.62 2.73 2.55 2.66
12 2905 3.16 3.16 3.12 3.37 3.64 3.20 2o96 3.36 2.99 3.11 2.92 3.03
13 3.26 3.66 3.59 3.53 3o69 3.45 3.70 3.37 3.61 3.41 3.52 3.32 3.43

*14 3.46 3.75 3.74 3.69 3,97 3.63 3.87 3.52 3.96 3.56 3.6? 3.47 3.56
15 3.41 3.76 3.76 3.11 4.63 3.63 3.lf 1.54 4.11 1.56 3.71 3o49 3.62

16 3o.#7 36 3o63 3.78 6o09 3.76 3.96 3.61 4.10 3.65 3.79 3.56 3.69
17 3.41 3.61 3.77 3.73 4.04 3.65 3.94 3.56 4.66 3.60 3.74 3.51 3.65
16 3.34 3.75 3.71 3.6? 3o99 3.59 3.66 3o1#9 4.01 3.54 3.69 3.45 3.63
19 3.33 4.25 4.22 4.17 4.51 4.66 4.39 3.99 4.52 4.33 4.16 3.9'. #469
21 4.17 ##**1 4.56 4.53 4o67 4o44 4.76 4.34 4.39 4o39 4.54 6o29 4. 44

21 4.17 k.61 4.57 4.53 4.67 4e43 4.76 4.33 4.3l 4.36 4.54 4o29 too44
22 4.13 4.54 4.51 4.46 4.681 4.37 ke69 4.27 4.63 4.32 4.947 4.22 4. 37
23 4.63 4.47 4.44 4.39 4o73 4.30 4.62 4.20 4.75 4.25 4.46 4.15 4. 36

*24 3.64 4.27 4.23 4.19 4.53 4.16 4.42 %o00 4.55 4.65 4.20 3.95 4.16
Z5 3o66 4.31 4o27 4.23 4.57 4.14 4.46 4.04 4.59 4.39 4924 3.99 4.14

2b 3.63 4.26 4.23 4.16 4.52 4.69 4.41l 3.99 4.54 4.64 4o19 3.95 4.e69
27' 3.79 14.21 4.17 4.13 4.46 4o64 4.35 3.94 '..46 3.99 4.14# 3.90 4.344
25 3.73 4.15 4.12 4.17 4.40 3.96 4.29 3.69 4.4#2 3993 4.08 3e$4 3.96
29 3.66 4.31l 3.96 3.94 4.26 3.64 4.15 3.75 4.26 3.60 3.94 3.70 3.85
33 3.6e bo61 3.96 3.9% 4o26 3.65 4.15 3.75 4.26 3.60 3.94 3.71 3.e5

31 3o32 4.23 4.23 4.16 4.46 4.0? 4.37 3.97 4.56 4.62 4.16i 3o92 4o86
32 3.95 4.37 4.35 4.30 4.63 4.21 4.52 4.11 4.65 4.16 4.30 4.36 4. 26
33 4.64 4.46 4.#44 4.39 4.72 4.36 4.61 4.20 4.74 4.25 4%39 4.15 4.29
34 4.16 4.59 4.56 4.52 4e&6 4.42 4.74 4.32 4.86 4o37 4.52 4927 4e42
35 4921 4.66, 4.63 4.953 4.93 4e46 4.81 4.38 4.95 4.43 4.59 4e33 4.46

3G6o422 4.67 4.64 4.59 4.95 16.49 4.63 4.39 4.97 4.44 '..60 4. 34 4.56
37 lb*7S 5.25 5,43 5.17 5.54 1.67 5&42 4.96 5.57 5.62 5.16 4.91 5.ll7
33 5.21 3.78 5.6l 5ea2 Golf 5.51 Se8? 5.48 6.33 5.4#6 5.62 5.35 5.51
39 5.36 5.61 So7t 5.72 6.12 1.62 5.99 5.51 6.14 5.56 5.73 5.45 5.61
43 5.32 5.63 5.83 5.74 6o14 5.63 6o01 5.s2 6.17 5*53 5.75 5.47 5.64

L4 1 5.13 5.64 5.61 fe55 5.96 5.45 5.62 5.33 5.98 5.39 5.57 5.26 5.45
42 5.67 5.59 5.55 SO56 5.91 5.39 So77 5.28 5.93 6.34 5.52 5.23 5.46
43 5.16 5.71 5.67 5.62 6.33 5.51 5.39 5.39 6.66, 5.45 se64 5.34, 5o52
4 5.6 5.l53O 5.49 5.44 5.66 5.33 5.72 5.22 5.15 5.26 5.46 5.16 5.34

45 4.94 5.46 5.42 5.3 5.78 5.26 5.65 5.15 5.61 5.21 5.39 5.39 5.27

t46 4.7? 5.29 5.25 5.26 5.61 5.09 5.46 4.96 5.64 Sa34 5.22 4.92 5.11
6? 4.73 5.31 5.26 5.22 5.63 5.11 5.49 4.99 5.65 5.05 5.24 4694 5.12
4#6 4.815 5.37 5.33 5.23 5.69 3.17 5.56 5.06 5.72 5.12 5.36 fe6l 1.1$
49 5.64 S.56 5o52 1.4, 5.o$ 5.36 5.75 5.25 S.91 5.31 5.49 5.19 5.37
56 5.17 5.70 5.66 5.61 6.62 5.56 5.66 5.36 6.35 5.44 5.62 3.33 l.51

51 5.27 3.79 5.76 5.78 6.12 5.59 5.o96 5.46& Ge1s 5.54 5.72 5042 3.66
52 5.41 S.9% 5.91 5.65 6.27 f.74 6.13 5.62 6.36 5.66 5.67 5.5 5074
53 $55 6.64# 6.61 5.55 6.37 5.64 6.23 5.72 6.40 5.76 5.97 5.66 5.644

94 5.54 6.69 bo65 6.66 6.42t 5.06 6.28 SO77 6.465 5.63 6.11 5o71 $.69



ELECTRONIC STOPPINiG POWER Ofr IOUS AT VELOCITY Vs
NO0IFIED FIRSOW NEtW0O STOPPING POWER C12-13 EV-CM2)

TARGET PROJECTILE ATOMIC NUMBER
ATOMIC s
NUMBSER 66 69 76 71 72 73 76 75 76 77 To79 6

1 1.35 1.66 1.32 1-33 1.12 1.33 1.33 1.33 1.32 o93 *so o82 .67F

a210 1.63 1.01 .99 1.31 1.32 1.61 1.61 egg .93 .at *?1 .66

3 Z.19 2.12 2.69 2.36 2. 16 2.13 2.*1## 2.16t 2.1k 2.32 1.91 1.66 1.96

6 2.35 2.32 2.29 2.25 2.33 g.32 2.36 lo.3# 2.13 2.21 2.1l 2.17 2.13

5 2.37 2.36 2.31 2.26 2.32 2.36 2.35 2.35 Z.36 2.22 g.16 2.$7 ta1k

6 2.32 2.29 2.26 2.21# 2.27 2.29 2.29 2.29 2.26 2.15 2.63 toll 2.67

T 2.26 2.23 2.26 2.17 2.20 2.22 2.22 2.22 2.26 2.37 1.95 1.92 1.99

6 1.23 2.21 2.17 2.16 2.17 2.19 2.19 2.16 2.17 2.33 s.91 1.s6 1.95

9 2.16 2.13 2.16 2.83 2.11 2.12 2.12 2el2 t.16 1.97 1.66 1.6t 1.66

10 2.06 2.85 2.32 1.99 2.12 2o66 2.36 2.66b 2el2 1.66 1.76 1.73 1.68

It 2.63 2.59 2.56 2.53 2.57 2o59 f.l6 2.60 2.59 2.65 2.32 2.2s 2.37

12 2.99 2.95 2.92 2.66 2.92 2.95 2.96 2.97 2.96 2.32 2.b9 2.66 2.76

13 3&39 3.35 3.31 3.27 3.32 139 3.37 3.36 3.37 3.23 3o1o 3.37 3.15

14 3.56 3.53 3o66 3.62 3.67Y 3.50 3.52 3.53 3.52 3.36 3e25 3.21 3.29

y5 3. Sel .5e3 3.69 3.65 3.ts 3.53 3.55 3.15 3.55 3.63 3.26 3.23 3.31

16 3.69 3.61 3.57 3953 3.56 3.61 3.52 3.63 3s62 3o66 3.32 3.29 3.36

17 3.61 3.57 3.52 3o69 3.53 3.56 3.57 3.57 3.57 3.63 3.26 3.23 3.31

16 3.55 3.51 3.67 3.63 3.66 3.56 1.51 3.51 3.53 3.33 Sel9 3.15 3.26#

19 6.66 6.30 3.95 3o91 3.96 3.99 6.01 b.s1 6.00 3.63 3.60 3.65 3.76

23 6.39 6.36 6.33 6.25 6.30 6.36 6.36 6.37 6.36 6.19 6.36 16.31 6.10

21 6o39 6.36 6.s29 6.25 6.30 6.36 t 6.35 6.36 6. 36 6.16 6o03 6.63 6.69

22 6.32 6.26 6.*23 6.19 6. 24 6.27 6.29 4.36 6.29 6.12 3.96 3.93 4.3

23 6.25 bo21 6.16 6.12 6.1? 6.20 6.22 6.:22 6.22 6.36 3.69 3.66 3.95

24 6.66 bel1 3.97 3.92 So97 bell 6.342 6.32 6.02! 3.66 3.691 3.66 3.75

2S 6.10 16.65 6.01 3.96 6.31 6.35 6.36 6.37? 6.36 3.69 3.73 3.76 3.79

26 6.35 6.0 3.96 3.91 3.97 66 6.1 .02 6.01 3.$6 3.69 3.65 3.75

2? 6.00 3.95 3.91 3.66 3.91 3.95 3.96 3.7 39 3.9 36 3.1 37

26 3.96 3.69 3.65 3.61 3.66 3.69 3.91 3.91 3.93 3.76 3.59 3.55 3.66

29 3.36 3.76 3.71 3.67 3.72 3.75 3.7 3.77 3e76 3.60 3.65 3.62 3.51

36 3.6o 3.76 3.72 3.67 3.72 3.7 3.77 3.77 3.77 3.60 3.65 3.62 3.51

31 6.62 3.9? 3.93 3.00 3. 96 3.97 3.99 3.99 3.99 3.62 3.66 3.66 3.73

32 6.15 6.11 6.66 6.32 6.67 be11 61#o3 6.13 4.13 3.96 3.62 3.ll 3.37

33 6.26 6.20 6.15 6.11 6.16 6.s20 6.22 6.22 6.22 6.65 3.96 3.67 3.96

36 6.37 6.32 6.27 6.23 6.26 6o32 6.36 6.35 6.36 6.1? 062 3.99 6.39

*35 6.63 6.36 6.36 6.29 6.35 6.30 6.60 6.641 6.60 6.23 16.06 6.06 6. 16

36 6.65 6.66 6.35 6.36 6.36 6.39 6.41 16.62 6.*61 6o23 6.36 466 6.16

*37 S.61 6.96 6.91 636 6.92- 6.96 6.99 5.00 5.s3 6.62 6.66 6.63 6.73

36 g.65 5.60 5.36 5.29 5.36 5.66 5.63 5.664 5.66 5.26 5.16 5.37 5.16

39 5.%& 5.50 5.65 5.39 5.66 5.56 5.53 5.s5 5.55 5.36 5.23 5.17 5.26

hl 63 5. 0*552 5.67 5.61 5.66 952 5.55 5.56 5.56 5.37 5.21 5.16 5.29

6#1 5.66 5.36 5.29 5.23 5.36 5.36 5.36 5.37 5.37 5.17 5.31 6.97 5.36

642 5.35 5.29 5.26 5.16 5.25 5.29 5.31 5.32 5.31 5.12 6.95 6.91 5.32

63 5.66 5.646 5*35 s.36 5.36 5.60 5.62 5.63 5o63 5.23 5.36 5.l2 5.16

664 5.29 5.23 5.16 5.13 l.19 5.23 5.25 5.26 5.25 5.85 6.66& 466 6.95

4 5 5.22 5.16 s.11 5.36 5.012 5.16 5.13 so16 5.16 6.96 6.60 6.77 ##.06

66 6.es sell 6.096 6.69 6.9 6. 499 5.61 5.31 s.61 6.30 4.63 6.9 6.73

167 5.66 5.31 4.96 6.93 6. 96 5.66 5.32 5.03 5.12 6.62 6.66 6.*61 6.72

66 5.13 Sol7 5.62 6.9o? 5.33 S.67 5.69 5.39 5.39 6.69 6.71 468 6.7F9

69 5.32 5.26 5.21 5.15 5.21 5.25 5.26 5.29 5.26 5.06 6.91 6.67 4.9o

Oil 5.6 5.39 5.364 5.26 5o35 5.39 1.61 5.62 5o62 5.22 5.l5 5.61 5.13

$1 5056 1.69 3.63 5.ls 5646 5.6 5.51 5.52 5.52 lo32 5616 se11 5.22

52 0.69 s.o3 5.57 5.52 5.6 5.63 5.65 5.66 5.66 5.67 5.29 6.26 5937

IS So7$ 5.72 5.67 5.61 5.66 5.72 5.75 5.76 5.76 5.56 5.39 5.36 5.67

56 5.63 gel7 5.71 5.46 1972 5.77 Se6$ 5.e1 5.31 5.61 get3 5.63 g.of



ELECTROI STOPPINGC POWER O IOS AT VELOCITY VI~

MODFID FRSV MTHD SOPINSPOER 1913.4312

2 ~ ~ 23 2.48 2.56 2.s2 2.6t l.98 lol3.2 oe 6 3.34 *6 ls
3 el tlS 223 2.1 2.4 246 2.1 258 t.90 3.14 3.12 Sl 9
b ot 233 2.28 2.3 2.42 2.6 2.14 Sets 3.17 3a3.24 3~

7 t$ 2*1 2.22 2.31 2.38 2.43 2.54? 2.66 3.16 3.17 3.21 2.99

9 l96 &-ll 2w13 2.22 2.29 2.3 2.38 2.72 S.01 Sel.17 29

11 265 ell 2.71 2.s1 2.69 2.ss S.63 3.35 3.61 3.73 ,9 3S
12 *0 297 3.18 3462 3.28 3.36 3.42 3.77 4.69 4.18 4o4 38
13 Sft *39 3.52 3.63 3.72 3.83 3.6? 4.24 4.58 *6 7 4.60
14 *3 355 3.68 3.83 3.09 398 4.05 4.43 4.78 4.6 49 4

15 *1 9 3.71 3.83 3.93 6461 tell 4.47Y 4.63 4.94 5.l1 4.72

16 St 65 3.79 3.91l f4.61 4.69s 4.16 4.57 to.94 goes5*112 4.63
It31 1 35 3.74 3.86 3.95 4.84 4.13 4.953 490 Se31 5.36 4.76
18 3 3 .63SO? 3.79 S.89 3.97 4.041 4.47 4. 86 4.96 5.D3 4.73
19 .19 4 .el k32 4*463 4.51 4.59 5.84 5.44 5.15 5.63 5.31
23 4.21 44 4.56 4.70a 4.81 to9s 46 5.44 5.8906 5.96 6.66 5.73

21 4.23 644 4.56 4.59 4.83 4.91G 4.97 5.44 5.$& 5.96 6.37 1.73
22 4.14 4.33 4.49 4.12 4.fl 4.63 4.90 e.37 5.ts9*591 6f$3 5.66
23 4.36 4.26 4.42 4.s5 4o.6 6*4.7 4.63 5.29 5.71 5.83 5.91 5.1
24 3.86 4.65 4.21 4.34 4.45 4.54 4.*61 5.65 5et9 5.61 5o69 5.36
25 3.93 t.10 4.2S 4.38 4.49 t.56 4.65 5.12 5.53 5.61 5.73 5.43§

26 3.86 4.35 4.20 4.33 4.1.4 4053 4.65 1.36 S.ts 5.59 5.67 5.35
27 3.61 4.00 4.15 4.23 4.39 4.946 4#55 5.81 5.41 5.53 5.61 5.29
26 3.75 3.94 4.09 4.22 4.33 4.41 4.49 4o94 1.34 5.46 5.54 5.22
29 3.61 3.83 3.95 4.3GO 4.16 4.27 4.34 4.78 5.16 5.36 5.36 5.36
30 5.62 3.63 3.95 4.33 4o.18 4.27 4.*34 4.78 5.16, S.29 5.3? 5.e5

31 3.64 4.33 4.18 4.38 4.41 4.53 4.57r 512 1.42 5.54 5.62 5.33
32 3o96 4.17 4.32 4.45 4.56 4.65 4.72 S.t7 6.56 5.73 5.78 5.46
33 4.3? 4.*26 4.42 4.15 t .61 4.75 4.2t 5.26 5.69 5.61 sell 5.57

34 4.20 4.39 4.55 4.66 fools 4.49 4.97 5.143 5.65 5.97 6.86 5.73
*35 4o25 4.45 4.61 4.75 4.86 4o96 5.34 5.51 fe94 6.36 6.15 5.81

36 4.26 4.46 4.62 4.76 4.87 4o97 5.35 5.53 SO$? 6.09 G.18 5.st&
37 4.*65 5.96 5.23 S.37 5.49 5.63 5.88 8.19 6.064 6.77 6.67 S.51

1.36 5.30 5o52 5.69 5.84 5.97 6.66 6.1? 6.69 7ot6 7.38 7.43 7.93
39 5.1.1 3.62 5.81 5.96 8.09 6.23 6.29 6.62 7.6 7.44# 7.51 ?.17
43 5.42 5.64 5.62 5o9? 6o11 4.22 6.31 6.65 7.33 7.48 Y@58 loll

f 41 5.21 5.44 5.62 So77 5.91 6.81 6.11 6.65 7.14 7.28 7.39 7.33
42 5.15 5.36 5.57 5.72 5.85 5.96 6.35, 6.65 7ell 7.24 Test 6.95
43 3.27 5.56 5.69 5.34 5e97 6.8 6.18 6.73 7.23 7.35 7.46 toes
#4 5.39 5I32 5.58 .66l 5.79 5.96 tel9 Goe5 7.35 7.19 7.g9 6o93
45 511 S.24 5.43 5.5l 5.72 5.83 5.92 6.46 6.96S ?*It 7ots 6.53

46 4664 $*I? 5.25 S.41 1.54 5.65 5.70# 6.36 6.6 6.94s 7.34 6.64
f7 46 .3 .7 5.2 55 5.66 5073 6.11 6.91 G.95 l.ss 6.66
464.9 5.15 5.t 33 5.49 5.62 5.73 5.62 6.36 6.16 ?.It ?@1 W.7
49 gets 5.45 5.54 Debt 5.52 5.13 6.63 Go59 7.19 7.25 7.34 6.94
56Io5.2 5.419 3.66 1.043 1.9? 6.86 6.17 6.73 7.24 7.36 7.49 7.69t

91 5.26 g.o9 3.76 5.94 6.67 6.16 6.26 6.64 7.25 7.49 7.63 7.23
It S.51 5.74 5093 6.19 6.23 6.31# 6.44 7.00 7.51 7.66 7.77 N.36
93 5.61 So6t 6.64 G.28 6.33 6.41$ 6.54 7.11 7.83 ?.?3 7.69 7.46

It 5.615.0 6.08 8.2Set 6.36 6.1 6.60 7*17 7.69 7.814 7.95 7.54



ELECTRONIC STOPPING POWER CF IONS AT VELOCITy V3
NOOlPICO FVRSOV MET700 STOPPZNG POWER (IE*6 EV-Ce?)

TARGET PROJECTILE ATOMIC NU'BER
aTONIC
"U"SER E 7 a 9 is 11 12 13 14 Is 1 1' ii

9! Z.33 2.37 2.36 2.34 2.29 2.23 2.68 3.82 3.36 3.55 3.66 3.76 3.83
s6 2.57 2.62 2.61 2.59 2.5. 2.46 2.9 . 3.29 3.65 3.86 ?.98 4.09 4.1'
5? 2.6. 2.6% 2.69 2.67 Z.62 2.SS 3.03 3.38 3.74 3.%6 4.08 4.l 4.2,
58 2.60 2.65 2.6' 2.63 2.56 2.Sl 2.56 3.34 1.70 3.91 4.03 4.14 4.19
59 2.08 Z.S3 2.62 2.5t 2.45 2.38 2.85 3.20 3.SS 3.?S 3.8V 3.98 L.03
60 2.44 2.49 2.43 2.46 2.41 1.35 Z.81 3.15 3.50 3.?1 3.82 3.93 V.97

61 v.o1u 2.4 2..44 2.42 2.37 2.31 2.77 ?.11 3.%f6 3.66 3.77 3.86 ?.92
62 2.37 2.12 2.41 2.39 2.34 2.2? 2.3 3.0' 3.41 3.61 3."3 3.63 V.61
63 2.3. 2.38 2.3? 2.35 2.30 2.23 2.69 3.03 3.3? 3.5? 3.68 3.73 '.52
6' 2.36 2.43 2.42 1.40 2.35 2.26 2.74 3.06 3.43 3.63 3.7. 3.8- V.89
65 2.27 2.32 2.31 2.25 2.'3 2.1? 2.62 2.95 3.26 3.48 3.59 3.6S 3.-1

66 2.24 2.29 2.2? 2.25 2.20 2.14 2.58 2.91 3.24 3.44 3.5 3.65 3.69
6? 2.22 2.26 2.24 2.22 2.t7 2.11 2.55 2.88 3.21 3.43 3.51 3.61 3 .6F
68 2.19 2.23 2.22 2.19 2.1S 2.86 2.52 2.64 3.17 3.36 3..? 3.5' Y.S1
69 2.16 2.21 2.19 2.17 2.12 2.05 2.49 2.81 3.13 3.32 3.43 3.5! 7.57
?I Z.14 2.18 2.16 2.14 2.09 2.03 2.46 2.8 3.10 3.29 3.43 3.49 3.63

71 2.21 2.26 2.2. 2.22 2.17 2.10 2.5,0 2.86 3.19 3.36 3.-g 3.5q 3.63
?2 2.23 2.28 2.26 2.2. 2.19 2.12 2.56 2.69 3.22 3.41 3.S? 1.62 1.66
?3 2.21 2.27 2.26 2.24 2.19 2.12 2.57 2.89 3.22 3.'2 3.s 3.62 Z.66
74 2.22 2.26 2.25 2.22 2,16 2.11 2.56 2.89 3.22 3.41 3.52 3.61 3.65
7S Z.20 2.24 2.22 2.20 2.tS 2.09 2.%1 2.? 3.20 3.39 3.53 3.59 1.53

76 2.1? 2.21 2.19 2.1? 2.12 2.0 r.s 2.85 3.18 3.37 3.L' 1.5rc I.S
77 1.14 2.1 Z.16 2.1 2.09 2.03 2.48 2.t 3.15 3.34 3.4. 3.53 v.56
8 z.s 2.05 2.01 2.0' 2.00 1.93 2.39 2.72 3.05 3.24 3.3 3..2 3.L.5
?9 2.00 2.0' 2.02 2.00 1.q 1.69 2.34 2.t? 3.00 3.19 3.2S 3.3E 3.39
6 2.62 2.05 2.03 2.01 1.96 1.90 2.36 2.C9 !.02 3.21 3.13 3.38 7.-1

81 2.15 2.18 2.17 2.14 2.10 2.03 2.49 2.83 3.17 3.36 3..6 3.5. '.s8
82 2.24 2.26 2.26 2.24 2.19 2.13 2.59 2.93 3.26 3.47 3.S7 3.6 3.7:
83 2.30 2.35 2.3 2.32 2.27 2.20 2.67 3.02 3.36 '.56 3.07 3.76 V.ee
84 2.42 2.47 2.46 2.4 2.39 2.32 2.8C 3.16 3.5t 1.2 3.83 3.9' '.98
SS 2.39 2.43 2.42 2.10 2.36 2.29 2.77 3.13 3.46 3.69 3.8: 3.9C 3.9-

66 2.40 2.94 2.43 2.42 2.37 2.30 2.79 3.15 3.51 3.72 3.83 3.93 '.97
87 2.73 2.79 2.79 2?7 2.72 2.65 3.15 3.53 3.91 4.13 4.26 4.37 &.-03
60 2.99 3.16 3.06 3.05 3.00 2.93 3.a44 3.82 4.21 4..5 4.5; 4.72 6.79
59 3.1 3.19 3.19 3.15 3.13 3.06 3.S6 3.97 4.37 '.62 4.76 4.90 -.97
90 3.17 3.25 3.26 3.25 3.20 3.12 3.*S 4.05 ov.46 1.? 1 4.66 4.99 5.1?

91 3.7 3.14 3.*1 3.13 3.06 3.01 3.5S 3.93 4.34 4.56 4.?2 4.65 L.92
92 3.03 3.10 30 3.09 3.04 2.97 3.49 3.59 4.29 &.S3 4.67 4.86. X.S?
93 2.98 3.05 3.05 3.04 2.99 2.92 3.45 3.84 4.25 4.108 4.62 4.75 4.81
94 2.67 2.93 2.93 2.92 2.87 2.80 3.32 3.70 4.10 -.,34 ..7 4.59 6.65
IS 2.61 2.58 2.S? 2.6 2.81 2.74 3.26 3.61 4.01 4.2? 4. 4.52 4.:6

96 2.S 2.91 2.91 2.90 2.85 2.78 3.30 3.69 4.06 4.31 4.4S 4.57 '.63
9? 2.71 2.77 2.77 2.75 2.70 2.63 3.14 3.52 3.91 4.14 4.26 4.38 4.
98 266 2.72 2.72 2.70 2.65 2.s 3.09 3.47 3.85 4.08 4.23 4.32 -. ?
9% 2.62 2.68 2.67 2.65 2.60 2.13 3.0' 3.41 3.79 6.0t -.1.- 4.25 4.37

1*0 2.o? 2.63 2.62 2.61 2.56 2.49 2.99 3.36 3.73 3.95 4.23 4.19 '4.?

j 1A 2.S3 2.9s 2.s 2.s 2.51 2.4 2.94 3.3C 3.Ee 3.89 4.02 4.13 4.19
132 2.49 Z.SS 2.S4 2.S2 2.4? 2.40 2.89 3.26 3.62 3.6.. 3.% 0.0 '.i2

'I



ELECTRONIC STOPPING POWER OF ICNS AT VELOCI-Y VO
MODIFIED FIRSOV METHOD STOPPING POWER t1i-13 EV-CM2)

TA9GET PROJECTILE ATOMIC NUPBER
ATOMIC
NUMBER 19 20 21 22 23 24 25 2f 27 Z6 29 30 31

S5 3.60 4.22 4.17 4.21. 4.03 3.97 4.C9 4.04 3.69 3.54 3.7? 3.81 3.92
$6 4.14 4,S8 4.53 4.b 40,60 4.33 4.*.5 4.40 #A,24 4.19 4-12 4.1f '.27
S? 4.25 4.70 4.65 4.71 4.52 4.4S 4.57 4.52 4.36 4.31 4.2' 4.27 -.38
56 %,26 4.64 4.59 4.67 4.46 4.39 4.51 4.4? 4.30 #.25 4.10 4.22 A..33
S9 4.03 4.46 4.41 4.49 4.28 4.21 4.33 4.29 4.12 4.07 4.01 4.0. U.15
60 3.97 4.41 4.36 4.44 4.22 4.16 4.27 L.23 4.0? 4.02 3.96 3.9s L.C

61 3.92 4.35 4.31 4.38 4.17 4.t1 4.22 4.18 a .0? .97 3.90 3.9L 4. or
62 3.8? 4.30 4.25 4.33 4.11 4.05 4.17 4.12 3.96 3.91 3.85 3.89 ?.99
63 3.82 4.25 4.19 4.2? 4.06 4.6G 4.11 4.07 3.91 3.86 3.88 3.8- 3.9.
64 3.58 4.31 4.26 4.34 4.13 4.07 4.16 4.1& 3.90 3.93 3.P6 3.9c U.01
6 3.73 4.16 4.09 4.17 3.96 3.90 4.01 3.9? 3.81 3.47 3.70 3.7? 3.85

66 3.66 4.10 4.05 4.12 3.91 3.65 3.97 3.93 3.77 3.72 3.66 3.6S 2.*
67 3.64 4.16 4.10 4.8 3.67 3.61 3.'2 3.48 3.72 3.67 3.61 3.6r 3.'1c
66 3.60 4o01 3.96 4.03 3.63 3.T 3.e 3.86 3.68 3.63 3.57 3.61 3.71

69 3.S6 3.97 3.92 3.99 3.76 3.7f 3.83 3.49 3.64 3.69 3.53 3.56 ?.67
7t 3.SZ 3o93 3.88 3.9S 3.T4 3.66 3.79 3.75 3.6C 3.55 3.49 3.62 3.63

't 3.62 4.83 3.98 4.05 3.65 3.? 3.69 3.65 3.70 3.65 3.59 3.62 1.73
7? 3.65 4.06 4.01 4.08 3.66 3.82 3.93 3.6g 3.73 3.68 3.62 3.6f 3.76
73 3.65 4.07 4o02 4.09 3.88 3.83 3.4 3.90 3.74 !.69 3.63 3.6? v.7'
74 3.64 4,06 4.01 4.09 3.68 3.62 3.S3 3.69 3.73 3.68 3.62 3.66 1.77
75 3.62 4.4 3.99 4.07 3.6S 3.80 3.91 3.6? 3.71 3.67 3.63 3.64 3.'

76 3.S9 4.01 3.96 4,0. 3.2 3.76 3.68 3.84 3.68 3.64 3.5S 3.6t 3.'2
77 3.SS 3.98 3.92 4,OC 3.76 3.?3 3.v4 3.8P 3.65 1.50 3. 4 3.56 i.6q
?7 3.43 3.66 3.6" 3.88 3.67 3.61 3.73 3.69 3.!3 3..9 3.L3 3.4. '.58s
79 3.37 3.60 3.74 3.62 3.61 3.SS 3.67 3.63 3.47 3.43 3.3? 3.41 7.52
60 3.39 3.82 3.76 3.64 3,63 3.57 3.69 3.E5 7.50 3..5 3.33 3.L3 3.5S4

1 3.56 4.00 3.94 4.0? 3.61 3.75 3.f7 3.6' 1.67 3.62 3.56 3.6: ?.'V4

62 3.69 4.13 4,07 4.16 3.94 3.88 U.C0 3.96 3.80 3.75 3.E9 3.73 !.8
83 3.79 4.24 4.10 4.26 4.0 3.9 4.10 4.06 3.#9 3.66 3.'9 3.63 ?.SL
64 3.9? 4.43 4.3? 4.4b 4.24 4.17 4.29 4.25 4.09 4.04 3.95 4.61 &.12
85 3.93 4.39 4.33 4.41 4.19 4.13 4.25 1.21 4.05 4.00 3.94 3.97 -,

66 3.96 4.42 4.36 4.45 v.23 4.17 4.29 4.25 4.09 4.04 3.09 4.01 U.12
67 4o43 4.91 4.86 4.95 4.72 4.66 4.76 4.74 4.57 4.52 4*.S l.1.6 L.s
66 4.80 S.29 5*24 S33 5.11 5.04 S.17 S.12 4.9S 4.89 4.82 4.6 -.46
69 4*99 5,49 5.44 53 5.31 5.24 S.36 5.32 5.14 S.ss 5,:1 S.64 5.16
90 So'8 S.9 5.54 5.65 5.41 5.35 5.47 f.41 5.2S 5.11 5.12 5.1S 5.26

91 4.94 5,44 S.39 5.49 5.26 5.19 5.32 5.2? !.10 5.0 4.S? SLc 2.12
92 4.68 S39 5.34 1.44 5.21 5.14 5.27 f.t2 5.04 4.99 4.92 4.%S S.06
93 4.e2 S.33 5.27 S.37 5.14 6.08 S.21 5.16 4.98 4.93 4.86 4.69 T.01
94 4.86 5,16 S.10 S.2E 4.97 4.91 S.C3 4.99 4.e2 4,76 4..69 .?.2 '.64
95 4.58 5.6 So03 S.12 4s69 4.83 4.S6 4.91 4.?4 4.69 U.61 4.65 &..'

9f 4,63 5,13 5.68 5.18 4.94 4.68 6.01 4.96 4.79 4.7- 4.66 4.7t -.81
97 ? ,44 4o93 4.87 4.9? 4.74 4.60 4.80 4.7t 4.sq &.5ib 4.47 4.C 4.62
96 4.37 4.66 4.80 4,90 4.67 4.61 4.73 G.69 4.!2 4.4? 4.43 4,83 .. 5
99 i,30 I.79 4.73 4.63 4.66 4.54 4.s6 4.E2 44S 4.40 L.33 4.3f L..$

100 4.24 4.72 4.66 4.7t 4.S3 4.4? 4.S9 4.S 4'.36 4.33 4.26 4.36 4.1.

101 4.17 4.65 4.6" v.69 4.46 4.40 4.52 4.4e '..? 4.26 '.19 4.23 -. 4
102 4.12 4059 4.54 4.63 4,40 4.34 4,6 4442 125 4.20 4.14 4.1 ?  '.28

LI



ELEtTSOt4V. STOppING POWER 
OF IONS AT VELOCITY VD

MODIFIED FIRSOV METHOD 
STOPPING POWER (1E-l1 EV-C-121

TARGETPROJECTILE 
ATOMIC HU46ER

AT041C 
* 2 4

mW9SERk 32 33 3'. 35 36 37 38 39 -. C j 42 43

5~ ;6a 4 4.6 1 1.44 4.99 5. 67 5.14 5.66 64 so4 .6 5.81 5.99 . 84

57 ..*l 4.69 #.93 5.9 52&.21.0 62 6.9 .95 .96 6.15 5.99

Sb 4.56 4476 4.66 5.03 5.14 5.21 5.74 6.15 6.C2 S.o 5.9 .bl So,""

59 '.S 4.55 *.69 4.64 4.95 5.61 5.53 5.94' 5.81 5.67 5.67 .S .7

59 4..32 .5 .. 4 47 4.69 4.96 5.47 5.67 5.75 5.60 5.61 5.79 506-

61 427 444 45 4.73 4.8 4.90 5.41 C.s1 5.66 'F54 5.54 S.77 5.57

62 -0022 4.39 4.,53 4.67 .07? 4.84 5. .5 5.2 57 5.8 .6 .l

63 ..t6 4.34 6.47 4.62 4.72 4.7a 5.29 5.69 5.56 S.'.i 5.4-2 5.59 5-4-

64 4.23 '6.41 4 .54 1#.69 4.79 ##.as 5.37 5-77 5.6'. r.49 5.50 5.67 835

65f 4.06 A..240 '..37 4.51 4.61 '..6? 5.16 S.57 5.44 5.29 5.30 5.47 5.32

66 .. 2 4.19 '..32 4.46 4.56 '..62 5.12 5.51 5.38 S.24 5.24 5.'.1 5.26

6 3.902 14 2 441 '..51 4.57 5.17 S45 5.33 5.18 5.19 5.3t 3.21

6 0 3.93 4,.10 4:23 '..37 4.46 4.52 5.12 5.&C 5.27 f1 5.1 5.27 5.11

fi9 3.66 4.05 1 4.8 4.32 4.42 4.46 4-97 5.35 5.22 5.06 5.6 .2 51

?c 3.64 4.01 16.14 4.28 4.37 4.43 4.92 5.30 8.17 S.03 S.03 S.2C S.C5

1 39w .1 424 4.38 4.46 4.4 5.03 F-1 5.29 S.15 8.15 5.32 S .17

? 2 3.98 4..15 4.28 4.42 4.52 4.56 50 .6 53 .6 51 .6 32

73 3.99 4.16 4. 29 4.43 4.53 4.59 5 .089 I's7 T .34 5. 20 5. S3' 5.2'

74 3.041 .29 4.4 13 4.52 4.58 5.e6 5.47 5.34 L1.19 5.19 5.37 F.21

I- 7T. 3.97 4.1. '..2 4.41 4.50 4.56 5.C7 S.46 5.32 5.7 .1 53 .,

7 3.4 I.1 4.2'. 4.36 4.46 16653 5.04 5.43 b-29 5.14 5.14 5.32 5.16

77 3.91 4.18 4.21 4.3. 4.44. 4.49 5.013 5.40 5.26 5.09 5.19 5.6 p1

78 3.62 3.97 4.09 6.a2 3 *.32 4.37 4.E5S 827 5.13 4. 96 4.97 5-1-6 4.99

79 3.74 3.91 4.03 4..1? ...26 4.31 4.82 5.21 5.06 4.93 4*9 S.Ge 4.92

so 3.T6 3.S3 4.06 4.19 4.26 4.33 4.85 5-2i. 5.09 4.92 4.93 5.11 4.04

* 393 .1 4. 4 '.36 4.-7 4.52 5-4 5.44 5.30 5.13 5.13 5.1 713

62 .06 4.24 A..3? 4.5l10*661 4.66 5.19 5.59 S.L5 526s~ 5.6c 5.*1

63 4.17 4.34 4.46 4.62 46.72 4.78 5.31 5.72 5.56 91.41 So.2 1.6 5065~

$4 4.36 4.54 4.67b 4.62 4.93 4*9 5.53 5.95 5.81 5.64 5.65 5.8- 56

85 4.32 4.50 %.63 4.76 '4-08 ##.95 5.46 5 go 5.76 5.59 5.68 ? 5.7 F.63

86 4.35 4.54 4.67 4.82 '..93 4.9 S., S.95 5.81 5.66 5.65 5.8- 5.66

8? 4o863 5.02 5.17 5.33 5.44 5.52 6.08 6.51 6.36 6.22 6.2'. 6.4' 6.28

Be 15.21 5.40 5.55S 5.72 5.64 5.93 6.51 6.95 6.63 b.66 6 -'0 6.9c 6.74.

9 5.0 5.60 5.7b 5.93 6.0s 6.14. 6.73 7.19 7.C6 6.91 6.1. 7.1'. 6.99

9c 5.51 5.71 5.67 6.04 6.17 b.26 6.66 ?.3 72 .5 70 .~ '1

91 53 .6 57 .9 6.02 6.10 6.a9 7.16 7.2 6.87 6.69 -.IC .9-

92 531 5.51 5.67 5.84 5.96 6.04 6.f4 7.10 6.96 6.1 63 D .8

93 5.25 .45 5.61 Sol? 5.90 5.96 6.57 7.04 6.90 6.74 Go.'b 6.97 E.81

94 3.49 5.28 5.43 5.60 5.72 5.60 6.39 1.4 6.71 6.5 6.56 6.78 6.51

95 5.O1 5.21 S.36 5.52 5.64 5.71 6.33 6.7 .1 .5 6.7 668 63

96 !.06 5.26 5.41 5.57 5.69 5.? 6.36 b62 6.67 6.51 6.53 67965

97 4.66 5.a5 5.20 5.36 5.46 5.55 6.13 6.58 6.44 6.7 62 6.5t S3?

98 '..79 4.98 5.13 5.29 5.40 f.46 6.t5 6.90 6.36 6.19 6.21 6.41 E.25

1 9 4.2 491 506 522 5*33 543 Sol? 642 627 6.11 6.12 6.32 t.16

100 4.65 464 4.98 5.14 5.25 5.32 5.19 6.34 6.19 6.02 6.04 6.2'. 6.os

161 4.56 4..77 4.91 5.07 5.16 5.25 Sea2 6.25 6.11 5.294 S.96 6.1E -;*99

102 4.52 4.*71 4.65 5.e1 5012 5.16 5.74 6.1s6 .04 5.97 5.88 6.66 8.92



ELFCTRONIC STOPPING POWER CF IONS AT VELOCITY VO

.ODIFIED FIRSOY METHOD STOPPING POWE4 (IE-13 EV-C2
1)

TARGET 
PROJECTILE ATOMIC NU'BER

ATOMIC
WUNOER 4 5 .6 7 .6 41 0 51 F2 53 540

55 5.5O 5.31 S.23 5.31 S.11 S.60 S.7S 5.68 6.02 6.13

56 S.95 5.76 S.66 5.76 5.66 6.6S 6.21 (.33 6.48 6.60

57 6.11 5.92 S63 S.92 6062 6.21 6. - 7 6.50 6.65 6.77

98 6.004 § .S 5.77 5.65 S.S 6.14 6.30 E.43 6.56 6.70

59 5.82 5.62 5.5. S.e3 5.73 S.92 6.07 E.26 6.35 6.46

60 5.7S 5.56 5.46 5.56 5.66 5.8S 6.01 E.13 6.20 6.4O

61 5.66 5.49 S41 5.49 59 5.76 S.4 6.07 6.21 6.33

62 5.62 5.63 5.35 5.43 5.53 5.72 5.67 E.00 6.11 6.26

63 S.SS 5036 5.28 5.37 5.47 5.65 5.61 5.93 6.66 6.19

64 5.63 5.44 5.36 5.45 S.55 5.74 5.9 E.02 6.16 6.26

65 5.43 S.Z4 S.1s 5.20 5034 5.53 5.68 !.61 5.95 f.05

66 5.37 5.16 5.10 5.15 5.26 S.47 5.62 S.75 5.89 6.00

67 5.32 5.13 S.O5 5.13 5.23 5.41 5.56 5.69 5.83 5.96

66 5.26 5.17 -**99 5.07 5.17 5.36 s051 5.63 5.77 5.88

69 5.2l 5.02 4.94 5.02 5.2 5.30 ;.45 5.58 5.72 5.83

70 5.16 497 4.69 4097 5.07 5.25 5.40 5.52 S.66 V.7'

71 5.26 5.09 5.01 5.09 3.19 5.37 5.52 5.64 5.79 F.90

72 5.32 5.13 5.05 5.13 5.23 5.41 5.56 5.69 5.83 5.9

73 S.33 5.14 SO 5.14 5.21 5.43 5.56 S.70 5.85 5.96

74 5.32 5.13 5.95 5.14 5.24 5.42 C.56 5.70 5.65 5.96

75 5.30 5.11 5.03 5.12 5.22 5.1 5.56 S.69 5.63 S.g

?6 5o7 5.08 5.00 9.8 5.19 5.38 5.!3 5.66 5,8t S.41

77 5.23 5.04 4.96 5.0. 5.15 S.34 S.50 5.62 5.77 5.8i

76 5.10 4.90 4.62 40.91 5.01 5.21 5.3? 5.49 5.64 5.75

79 5.C3 4.83 4.75 4.6- .0095 5.14 5.31 5.42 5.57 5.68

66 5.06 4.66 4..78 4.e7 4.97 5.17 5.33 5..6 5.60 5.71

S1 5.27 5.07 4.99 S.O 5.16 5.36 S.54 5.67 S.81 5.93

62 5.43 5.23 5.15 S.26 S.34 '.54 5.7Q V.83 5.98 C.09

83 5.56 5.36 5.2 5.37 5.46 5.67 5.e3 5.96 E.11 S.Z3

a& 5.80 5.60 5.52 5.61 5.72 S.q2 6.06 6.21 6.3? f.48

85 5.75 5.55 50.47 5.56 5.67 5.67 1.03 6.16 6.31 f.ic.'

66 5.80 5.60 5.52 5.11 5.72 5.92 6.56 6.22 b.37 ,9

67 6.40 6,20 6.12 6.21 6.31 6.52 6.18 E.62 6.98 T.13

66 6.07 6067 6.59 6.66 6.76 6.99 7.16 7.33 7.166 r.39

69 .12 6.92 6.83 6.92 7.03 7.24 7.41 7.55 7.71 7.85

90 7.26 7.06 6.97 7.07 7.16 7.39 7.56 7.70 7.67 e.01

91 7.06 6.67 6.79 6.6 6.99 7.20 7.37 7.52 7.68 7.81

92 7001 6.61 6.72 6.62 6.93 7.14 7.21 7.46 7.62 '.75

93 6094 6.74 6.65 6.75 6.66 7.07 7.24 ?.39 7.55 7.66

94 6.74 6.53 6.45 6.5' 6.65 6.67 704 ?.18 7.3 7.47

95 6064 6.44 6.35 6.45 6,6 E.77 6.95 7.09 7.S 7.38

96 6.70 6.50 6041 6.51 6,62 6.63 7.61 7.15 7.31 7.'."

97 6646 6.26 6017 6.2? 6.38 E.59 6.76 1.9C 7.06 7.19

96 6037 6.1? 6019 6.16 6029 6.56 6067 6.61 6.97 7.13

Go tt9 6*0 6.*, 6.09 6.20 6.41 6.56 6.7? 6.66 7.01

too G.r6 601 5.92 6.81 6.12 6.33 6.50 t.64 6.6 1.92

lot 6.12 5.92 5.83 5.93 6.04 6.24 b.4 6.SS 6.71 fi.3

162 6.04 5.64 5.76 5.65 596 6.17 6.34 6.47 6.63 6.T:

L



ELECTRONIC STOPPING POWER OF IONS AT VELOCITY VO

MODIFIED FIRSOV NET400 STOPPING POWER (LE-13 EV-CH21

TARGET PROJECTILE ATOMIC NUMBER

NUSIIR 55 56 S7 58 59 6 61 62 63 64 65 66 67

5S 6.10 6.66 6.63 6.57 7.60 6.45 6.66 6.33 7.13 6.60 6.58 6.27 6.45

56 6oS? 7013 7.12 70 7.49 6.S3 7.35 6.80 7.53 6.87 7.06 6.?4 6.93

IT 6.74 7.31 7.29 7o22 1.66 7016 7.53 6.96 7.71 7.05 7.24 6.92 7.10

56 6*67 7.24 7*2Z YIS re61 7.83 ?.46 6.91 7.64 6.98 ?.17 6.85 7.03

s9 6.%3 7.60 6.9S 6.91 7.36 6.79 7.21 6.67 7.39 6.?' 6.93 6.61 6.79

69 637 6.13 6.s 6.4 729 673 7.14 6.60 7.32 6.67 6.66 6.54 6.73

61 6.38 6.66 6.64 6.77 7.22 6066 7.07 6.53 7.25 6.60 6.79 6.4? 6.6

62 6.23 6.79 6.77 6.0 ?.1S E.S9 7.00 6.46 7.16 6.53 6.72 6.40 6.59

63 6.18 6.72 6.71 6.63 r.6 6.52 6.93 6.39 7.1 6.46 6.65 6.34 6.52

6b 602f 6.61 6.79 6.72 7.17 9.61 7.02 6.4S 7.20 6.55 6.74 6.42 6.61

65 6.3 6.59 6.57 6.S0 6.9 6.39 6.79 6.26 6.9? 6.33 6.S2 6.21 6.39

66 $09? 6053 6.50 6e4 6.67 6.32 6.73 6.20 6.90 6.27 6.45 6.14 6.32

67 5.91 6.46 6.44 6.37 6.61 6.26 6.66 6.14 6.64 6.21 6.39 6.06 6.26

68 5.65 6.40 6.33 6.31 6.75 6.20 6.60 6.66 6.76 6.15 6.33 6.32 6.20

69 5.68 6.34 6.32 6.26 6.66 6.14 6.S4 6.82 6.72 6.09 6.27 5.97 6.14

?6 So?7 6.29 6.26 6.23 6.63 1.09 6.46 5.97 6.66 6.03 6.21 5.91 6.09

71 5.67 6.41 6.39 6.32 6.75 6.21 6.61 6.09 6.79 6.16 6.34 6.03 6.21

72 5.91 6.46 6.44 6.37 6.6 6.26 6.66 6.14 6.63 6.20 6.39 6.68 6.26

73 S.93 6.48 6.46 6.39 6.63 6.26 6.68 6.16 6.66 6.22 6.41 6.10 6.28

74 5.93 6.46 6.46 6.39 6.63 6.26 6.69 6.16 6.66 6.22 6.41 6.10 6.28

75 5.91 6.%? 6.4 6.36 6.62 L.Z7 6.66 6.14 6.85 6.21 6.40 6.09 6.27

76 S.9 6.45 6.42 6.36 6.060 6.24 6.65 6.12 6.83 6.18 6.38 6.81 6.25

7? sees 6.41 6.36 6.32 6.77 Y .21 6.62 6.68 6.80 6.15 6.34 6.02 6.21

76 S.72 6.29 6.25 6.1 6.64 t.06 6.49 S.95 6.67 6.02 6.21 5.69 6.08

79 S.6S 6.22 6.16 6.13 6.57 6.91 6.63 5.89 6.61 5.95 6.15 s.63 6.C2

50 5.66 6.26 6.22 6.1o 6.61 6.04 6.46 s.92 6.64 5.91 6.1 5.06 6.CS

01 s.o9 6.46 6.44 6.38 6.64 6.26 6.69 6.14 6.67 6.20 6.4a 6.06 6.27

e2 6.06 6.65 6.61 6.55 7.01 6.43 6.66 6.31 7.04 6.37 6.57 6.25 6."4

IS 6.24 6.79 6.76 6.69 7.15 6.57 7.00 6.45 7.19 6.51 6.71 6.39 6.56

64 6.45 T.6 7.62 6.96 7.43 6.64 T.27 6.71 7.46 6.76 6.90 6.64 6.84

Is 6..E .06 6.97 6.90 7.37 6.76 7.22 6.65 7.41 6.72 6.92 6.59 6.79

06 6.06 7.86 7.03 6.96 7.4 L.84 7.26 6.71 ?.%? 6.76 6.99 6.65 6.65

I? 7.67 7.68 7.66 7.59 So? 7..? 7.92 7.33 6.1 7.41 7.61 7.27 7.47

a6 7.56 8.18 6.16 6.69 6.56 7*96 8.42 7.82 8.62 7.90 6.11 7.76 7.96

99 7.1 6.45 1.'.3 6@.35 6S 6.23 6.69 0.09 S.6 6.17 6.37 0.02 8.22

99 7.97 6.61 6.9S 6oS1 9.02 0.36 6.85 6.24 9.06 0.33 6.53 6.16 6.38

91 7.78 S.42 6.40 0.32 6*83 6.20 8.67 6.06 6o6 6.14 8.35 7.99 8.20

92 7.72 6.36 6.34 6.26 .7 6.14 6.61 6.0 6.61 6.086 *29 7.93 8.14

93 7.65 8.29 6.27 6.20 6.70 6.0? 6.5 7.93 4.74 6.01 8.22 7.86 8.07

94 7.044 6.66 6.06 7.96 8.49 7.66 8.32 7.72 8.53 7.80 6.01 7.65 7.*6

9S 7.35 7.99 7.96 7.69 639 7.76 8.23 7.6Z 8.43 7.70 7.91 7.56 7.76

96 7.41 6*5 6I3 7.95 6.46 7.83 8.30 7.69 8*S0 7.77 7.90 7.62 7*63

97 7.16 7.60 7.?7 *70 8.126 7.57 6.0, 713 8.24 7.51 7.72 7.37 7.57

Sl 707 ?76 7.66 7.61 l.16 7.46 7*94 7.34 6.14 7.42 7.63 7*26 7T16

99 6.96 7.61 756ll rob1 .1 7.39 790 7.25 6.05 733 7.54 7619 7,39

116 6.69 7*.2 7.*4 7o62 7.92 7.30 7*75 .16 7.95 7.23 7.45 7.14 7o30

Il1 6.68 7.43 T..0 7.33 7.62 7.20 7.66 7.07 7.66 7.14 7.35 7.01 ?.21

i 162 6.72 7.34 7.32 7.2 7.73 7.12 7*.6 6.99 7.77 7o6 7.27 6.93 7.13

Ut
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ELECTRONIC STOPPIkG POWER OF IONS AT VELOCITY VG
NOOIFIEO FIRSOV METHOD STOPPING POWER IE-13 £V-CH2)

TARGET PROJECTILE ATOMIC NUMBER
ATOMIC
NUMBER 66 69 ?a ?1 ?2 ?3 74 75 76 77 78 79 60

SS 6.39 6.33 6.27 6.21 6.28 6.33 6.36 6.38 6.39 6.19 6.02 5.99 6.11
Sb 6beb b.6a 6.73 6.67 6.7s 6.66 6.86 6.86 6.87 6.67 6.50 6.46 6.60
57 7.03 6.97 6.91 6.54 6092 6.98 7.01 7.074 705 6.65 6.68 6.65 6.78
56 6.97 6.90 6.64 6.16 6.65 6.91 6.9S 6.97 6.96 6.78 6.60 6.56 6.70
59 6.73 6.66 6.60 6.S4 6.62 b.67 6.71 6.73 6.73 6.53 6.36 6.33 6.46
6c 606C 6.60 6.54 6.16 6.55 6.61 6.6. 6.66 6.66 6.47 6.29 6.26 6.39

61 t.59 6.53 6.47 6.41 6.468 6.53 6.57 6.59 6.s9 6.40 6.22 6.19 6.32
62 6.52 6.46 6.0 6.54 6.41 6.46 6.50 6.52 6.52 6.33 6.15 6.12 6.25
63 6.*5 6.39 6.33 6.2? 6.34 6-u.0 6.43 6.45 6.45 6.26 6.08 6.05 6.16
6 6.5. 6.68 6..2 6.36 6.43 6.46 6.S2 6.54 6.54 6.3 6.17 6.1. 6.26
65 6.32 6.26 b.20 6.14 6.21 6.26 6.30 6.32 6.32 6.12 5.95 5.92 6.C4

66 6.26 6.20 6.14 6.06 6.15 6.20 6.23 6.25 6.26 6.06 5.89 5.86 5.98
6? 6.2C 6.14 6.06 6.42 6o09 6.14 6.17 6.19 6.19 6.00 5.63 5.0 5.92
68 6.14 6.06 6.02 So96 603 6.08 6.11 6.13 6.13 5.94 5.77 5.710 5.66
69 6.0e 6.02 5.96 5.90 5.97 6.02 6.05 6.07 6.06 5.86 5.71 S.66 5.80
T0 L.02 5.96 5.90 5.65 5.92 5.97 6.00 6.02 6.02 S.63 5.66 S.62 5.7

71 6.15 6.09 6.3 5.97 6.04 6.09 6.12 6.14 6.15 S.95 5.78 S.T5 5.87
72 to20 6.13 6.C7 6.02 6.09 6.14 6.17 6.19 6.19 6.00 5.82 S.79 5.91
73 6.22 6.15 6.10 6.04 6.11 6.16 6.19 6.21 6.21 6.01 5.84 5.61 5.93
74 6.22 6.16 6.10 6.04 6.11 6.16 6.19 6.21 6.21 6.01 S.84 5.81 5.93
75 6.21 6.15 6.09 6.03 6.10 6.15 6.18 6.19 6.20 5.99 S.82 S.79 5.91

76 6.16 6.12 6.06 6.01 6.07 6.12 6.15 6.17 6.17 5.96 5.79 5.76 5.85
77 6.15 6.89 6.03 5.97 6.34 6.09 6.12 6.13 6.13 S.9Z 5.74 5.71 5.8.
76 6.12 s.96 S.90 S.6'. 5.91 .96 5.99 6.00 6.00 5.79 5.61 S.S? 5.70
79 5.96 5.9c 5.6. 5.78 S.6S 5.89 S.92 5.93 5.93 5.72 5.53 5.50 9.62
60 5.99 5.093 sd7 5.81 5.86 5.93 .95 S.96 5.96 5.75 5.57 5.53 5.66

61 6.21 6.15 6.69 6.03 6.10 6.14 6.17 6.19 6.19 5.97 5.79 5.T6 5.66
62 6.36 6.31 6.25 6.19 6.26 6.31 6.3. 6.36 6.36 6.15 5.96 5.93 60C6
03 6.51 6.45 6.39 6.33 6.40 6.45 6.468 6.50 6.5 6.29 6.10 6.07 6.20
64 6.77 6.71 6.65 6.56 6.66 6.71 6.74 6.76 6.77 6.55 6.37 6.34 6..?
O6 6.72 6.66 6.59 6.53 6.61 6.66 6.69 6.71 6.71 6.50 6.31 6.28 6.41

BE 1.76 6.72 6.65 6.59 6.67 6.72 6.75 6.77 6.77 6.56 6.3? 6.34 6.47
67 7.1#0 7.33 ?26 72 2 7.26 7.34 7.37 7.40 7.11 7.20 7.01 6.99 7.12
66 7069 7.682 7.5 7.68 7?6 7083 ?.87 709& 7.91 7.70 7.52 7.50 7.63
89 6.15 6.06 8.01 7.9 6.02 6.09 6.1- 6.17 8.16 7.97 7.79 7.77 7.91
90 e.31 8.23 6.16 6.09 6.16 8.25 6.29 6.32 8.3 6.13 7.95 7.93 807

91 e.12 6.05 7.98 7.91 8.00 8.06 6.10 8.13 5.1s 7.93 7.7S T.73 7.67
92 6.06 7.9" 7.92 7.65 7.99 8.00 6.05 8.07 8.09 7.8? 7.69 7.66 ?60
93 6.OC 7.92 7.6S ?.T9 7.67 7.93 7.98 6.00 6.01 7.6C 7.61 7.59 7.73
94. To9 ?71 7.65 ?O 7o66 7.72 7.76 7.79 7.80 7.56 7.40 7.37 7.51
95 7&69 7.62 TSS 7.19 ?.S7 7.63 7.67 7.69 ?TO 7.4 7.30 7.27 7.41

9k 7YU 7.69 7.62 l.5 7.63 7.69 ?.73 ?.76 T.7 7.55 7.36 7.30. 7.40
97 7.50 7.43 7.37 7.30 7.36 ?.%t 71.4 7.5C 7.51 7.29 7.10 7.07 7.21
go 7.01 T.34 T.27 7.21 7.29 7.35 7.39 7.41 7.42 T.2U 7.01 6.96 T12
99 7.32 7.25 716 7.12 7.20 7.26 7.29 7.32 7.32 ?10 6.92 6.89 70C2

111 7.23 7.16 7.09 7.13 711 7.16 ?20 7.22 7.23 7.01 6.83 6.60 6.93

101 7.14 7.67 7.01 6.94 7.02 7.67 7.ll ?.13 7.14 6.92 6.73 6.71 6.8
102 7.36 6.99 6.92 6.6 6.94 6.99 7.03 7.05 7.06 6.84 6.65 6.62 6.76

1. Li'



II

ELECTRONIC STOPPING POWER OF IONS AT VELOCITY VO
NO3IFIEO FIRSOV METHOD STOPPING POWER I1E-13 EV-CN2)

TARGET PROJECTILE ATOMIC NUNSER
ATONIC
NUMBER 6 62 63 64 as 46 87 86 89 90 91 92

SS 6.25 6.4.9 6.69 6.6s 7.66 7.12 7.22 7.61 6.33 8.49 6.61 6.19
S6 6.74 6099 7.19 7.36 7.51 7.64 7.75 8.34 868 9,05 9.16 6.74
57 692 7.17 7.38 7.55 7.70 *7,83 7.94 8.54 9.09 9.26 9.39 6.96
56 6.65 1.10 7.30 7.48 7.62 7.79 7.6 8.47 9.02 9.19 9.31 6.66
9 6.66 6.69 7.05 7.22 7.37 7.a9 7.60 8.20 6.74 6.91 9.03 S.6
60 6.93 6.T8 6*98 7.15 7.29 7#42 7.93 8.13 8.67 6.83 0.95 6.52

61 6.46 6TC 6.91 768 7.22 7.35 7.45 6.65 8.59 0.75 6.87 6.45
62 C.39 6.63 6.03 7.60 7o5 7.27 7.38 7.97 8.51 G.67 8.79 6.37
63 6.32 6.56 6,76 6.93 767 7.20 7,30 7.90 6.43 8.59 8.72 8.29
64 6.1#1 6.65 6.89 7.02 7.17 7.29 7.4i 8.04 6.54 6.70 8.82 6.39
65 6.18 6.42 6.62 6.79 6.93 7.06 7.16 7.75 8.28 8.44 8.56 8.1.

66 6.12 6.36 6.56 6.?2 6.87 6.99 7.09 7.68 8.20 6.36 6.*6 6.06
67 6.16 6.29 6.49 6.66 6.60 6.92 7.02 7.61 8.13 629 6.41 7.99
68 5.99 6.23 6.43 6.59 6.73 6.6 6.96 7.S4 8.66 6.22 6.34 7.92
69 5.94 6.17 6.37 6,53 6.67 6.79 6.90 7.47 7.99 8.15 8.27 7.65
7 5.88 6.11 6.31 6.47 6.61 6.73 6.63 7.41 7.93 6.08 6.26 7.79

71 6.11 6.24 6.44 6.60 6.74 6.87 6.97 7.55 8.07 6.23 6.3. 7.93
72 6.05 6.29 6.49 6.65 6.79 t.91 7.02 7.60 6.12 8.26 6.40 7.90
73 6.67 6.31 6.51 6.67 6.62 6.94 7.60. 7.62 8.15 6.31 8.43 6.01
7 6*3? 6.31 6.51 6.66 6.62 6.94 7.04 ?.63 8.16 6.32 6... 6.02
75 b.05 6.29 6949 6.66 6.60 6.93 7.03 7.62 8.16 6.32 8.44 6.01

76 6.02 6.26 6.47 6.b4 6.78 6.90 7.01 7.6C 6.14 6.30 8...2 7.99
77 5.96 6.22 6.43 6.60 6.74 6.46 6.97 7.5T 4.11 8.27 8.39 7.96
7 S*4 6.69 6.29 6.46 6.60 6.73 6.63 T.43 7.98 0.1' 8.25 7.82
79 S.77 1.02 6.22 6.39 6.53 6.66 6.76 7.36 7.91 6.67 6.18 7.75
00 S.6 6.3S 6.26 6.43 6.S 6.69 6.60 7.41 7.95 8.11 8.23 7.00

S1 6.33 6.26 6.49 6.66 6.61 e.93 T.04 7.65 8.20 8.37 6.48 6.05
62 6.20 6.46 6.66 6.6. 6.99 7.11 7.22 7.5. 6.39 8.56 8.65 0.2.
83 6.35 6.6G 6.61 6.99 7.14 7.26 7.37 7.99 8.55 8.72 8.85 8.40
Sb 6.62 6.88 Y.09 7.27 7.42 ?.5S 7.66 8.29 0.86 9.03 9.16 8.71
IS 6.56 6.62 7.03 7.21 7.36 7.49 7.60 8.23 8.86 8.97 9.10 8.b5

66 6.62 6.60 7.10 7.27 7.43 ?.56 7.67 8.3C 3.88 9.05 9.18 5.72
67 7.28 7.S4 7.76 7.94 8.10 0.2.. 6.35 9.0C 9.58 9.76 9.93 9.43
65 7709 6.06 6.26 6.47 6.63 0.77 8.89 9.55 10.14 10.33 10.47 10.00
69 6.67 8.34 8.57 8.76 6.92 9.46 9.19 9.85 1..45 10.64 10.79 10.31
90 8.23 6.51 6.73 8.93 9.09 9.24 9.36 10.03 1 .64 10.83 14.96 10.55

91 8.03 6.31 8.53 6.73 8.69 9.04 9.16 9.83 10.44 10.63 10.77 10.29
92 7.97 6.24 6.47 0.66 6.83 8.97 9.10 9.77 10.36 16.57 10.71 10.23
93 7.69 6.17 8.48 8.59 6.76 0.90 9.6? 9.7 10.30 10,49 10.64 10.16
94 7.67 ?.95 8.17 8.37 8.53 6.67 8.79 9.46 10.07 16.26 10.40 9.92
95 ?.s 7.e5 8.0? 8.26 8.43 657 8.69 9.36 9.97 10.15 10.30 9.61

96 7.64 7.91 8.14 8.33 8.S0 6.64 6.76 9.44 10.4 16.23 10.37 9.69
97 7.37 7.65 7.87 866 8.23 1.37 6.49 9.15 9.76 9.94 10.08 9.6t
96 7.28 7.95 7.75 7097 8.13 6.27 6.39 9.05 9.65 9.84 9.98 9.50
99 T.18 F.'4 ?.6 7.67 S.03 eel7 8.29 6.95 9.55 9.73 9.67 9.39
10 7.99 7.36 ?.S 7.77 7.93 6.07 6.19 6.85 9.45 9.63 9.77 9.29

161 7.0 ?.27 7.49 7.68 7.64 7.9? 8.09 6.75 9.34 9.52 9.66 9.19
192 6.9l ?.18 7*43 7.59 7.7S 7.0 6.00 6.65 9.24 9.43 9.56 9.09

ti



APPENDIX I

USE OF TABLE III TO CONSTRUCT
STOPPING-POWER CURVES

Table III gives stopping-power values at the velocity vo -

For velocities below vo, the stopping power can be taken to be

proportional to the velocity:

S (v) S (Vo)-

For velocities above vo 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 vo, a straight line is

suggested.

Two examples are presented, carbon in carbon and for

nitrogen in zirconium. The stopping at v = vo as found from the

tables is 0.70 x 10-13 and 2.03 x 10-13 eV-cm2 "respectively.

For velocities above 2vo, Se is obtained from a semi-empirical

method developed by Ziegler22 in which the stopping Sz(VZ 2 ) for

any projectile Z having velocity v in a target Z2 is related to

the proton stopping SP(vZ 2 ) by a universal reduced stopping <S>:

S (V,Z<s> =
z 2 S (u,Z 2 ),

23The proton stopping is taken from Andersen and Ziegler2 . The

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