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ABSTRACT

Experimental data on the backscattering of H, D and He ions

from solids have been collected. The parameters considered are

the number-backscattering coefficient RN, the energy-backscatter-

ing coefficient RE and the mean fractional energy rE (=RE/RN) of

backscattered particles. The data are compiled into tables, and

are also shown in
graphs together with the curves of the

empirical formulas proposed by Tabata et a1. Most of the data
●

range in the region of incident energy from i to 50 keV. The

empirical formulas, obtained by taking account of Monte Carlo
=

=

results for energies below i Rev as well, are plotted for

energies from 10 eV to 100 keV. The rms deviations of the data

from the empirical formulas lie between 6% (rE Of He ions) and

30% (RN Of He ions)･

-1n-



- 1V-I



CONTENTS

Page

=. =NTRODUCT=ON ............................ 1

==. EMP工R=CAL FORMULAS .‥‥.‥‥‥‥‥...‥. 2

A. Expressions ......................... 2

B. Compar土son w土tb Data ‥‥‥‥‥‥.‥. 4

エ=Z. COHP=I,AT=ON OF DATA.‥‥‥......‥‥..｡‥ 6

APPENDIX
.......................................

8

REFERENCES ‥...........‥‥...‥‥‥..‥...‥.. 10

TABLES ......................................... 11

FIGURES ........................................ 16

B4A=N TABLES ‥‥..‥....‥.‥‥‥..‥‥.‥‥‥‥ 25

MAIN FIGURES.‥‥....‥....‥......‥..‥....... 55

SOURCES OF DATA ................................ 113

-Ⅴ-



-V1-



Ⅰ. INTRODUCTION

しThe backscattering of light ions from solids is one of the

+I

phenomena important for plasma-surface interaction, and is

related to the so-called recycling of plasma particles from the

first wall in a fusion reactor. Experimental and theoretical

studies of this phenomenon have been accumulated during recent

years.i) compilation and evaluation of data have alsc been

made･2･3)
For the effective utilization of the knowledge

ob七a土ned. however. further comp土1at土on of data are required as

well as developmen七 of interpolation formulas valid in a wide

region of incident energy. =n the present joint research program

=

of data compilation, empirical formulas for the following

parameters have been developed4)
･

●

(i) the number-backscattering coefficient RN defined as the ratio

of the total number of backscattered particles, charged and

neutrals. to the number o王 pr土mary par七土cles,

(2) the
energy-backs?attering coefficient RE defined as the ratio

of the total energy backscattered to the total incident

energYt

(3) the mean fractional energy rE Of backscattered particles･

The last parameter is expressed by the ratio of the former two:

rE=㌔/㌔
･ (1)

The empirical formulas give values of these i3･arameterS for H′ D
■

●

and He土ons normally土nc土den七on the amorphous or polycrystall土ne

target of effectively semiinfinite thickness, and are valid in
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the region Of incident energy from about 10-3 to 102 in Thomas-
●

Fermi reduced units.

This report presents a new compilation of the experimental

data pn these three parameters, and makes comparison of the data

with the emplr土cal formulas for alュ available comb土nat土ons of七he

土nc土dent 土ons and targe七elemen七s.

ⅠⅠ. EMPIRICAL FORMULAS

A. Expressions

●

The empirical formulas have been developed on the basis of a

mod土f土ed scaling law. and values o王 constan七s 土n them have been

determined from the least-squares fit to the experimental data

●

collected and representative Monte Carlo data for energies below

1 keV.3,5)

(i) The number-backscattering coefficient RN

The empirical formula for RN is written as

RN - (SeLSS/st)nN ･ (2)

where SeLSS is the electronic stopping-power given by the theory
● ●

of Lindhard, Scharff and Schi#tt6) (LSS theory) when the ratio of

the mass臥of the target atom to the maE･S MI Of the proコeCtile
こ

∠

is much greater than unity, S一. is the total stopping-power, and
●

[■ウ

nN is a function only of the Thomas-Fermi reduced energy c for a

glVen PrOコeCtile,･ nN is called here the reduced number-backscat-
● ●
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LSS
tering coefficient. The expression for S luDD is

e

seLSS = o･o793Z12/3Ml-i/2岬l/2 I (3)

where Zl土s the a七om土c number of七be proコeC七土1e′ E土s defined by

E
≡

32･5EM2/[(Z12/3+z22/3)(Ml+M2)ZIZ2] (E in keV). (4)

E is the incident kinetic energy of the projectile, and Z2 is the
●

atomic number of the target material. The total stopping-power

St is given by

st ≡ sn+seo
∫ (5)

where S is the nuclear stopping-POWerr and S
0

is the electronic
t

n e

●

stopping-power including the Z2-OSCi11ations･ For Sn, we use the

formula proposed by Kalbitzer et a1.7) with the coefficients

determined by Ziegler8) ,･ for S
O ･

e
∫

we use七he sem土emplr土cal

formulas given by Andersen and Ziegler9) and by Ziegler8) (see

Appendix)･ we express nN in the forms

nN
=

al/[Ea2(i+a3E+a4E2)] I
(6)

1
(i-1･ 2･ 3･ 4) denote constants for a givenwhere 七he symbols a.

projectile, and their values are listed in Table ==.i.
■

(2) The energy-backscattering coefficient RE

The empirical formula for RE is written as

-3-



RE I (SeLSS/st)n也′ (7)

r

where nE is called the reduced energy-backscattering coefficientr

■

and is glVen by

l

nE=rEnN I

■

Here rE is expressed by a function only of e for a given

projectile (see the next paragraph).

(8)

(3) The mean fractional energy rE Of backscattered particles

●

The empirical formula for rE is of the form=

rE
≡

1ヤ(1+b2E-b3) ･
(9)

where bl is a constant independent of the projectile and target
●

material, and b2 and b3 are COnStantS for a glVen PrOコeCtile･
● ●

ValileS Of these constants are also glVen in Table =Z.i.
■

ら. Comparison with Data

The empirical formulas for nN, nE and rE are COmPared with
●

the corresponding experimental and Monte Carlo data in

Figs･エ=･1-6･ The experimental values of nN and nE have been

obtained from the data on RN and RE by using the relations･･

nN
=

(St/SeLSS)RN

-4-
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nE
=

(St/SeLSS)RE , (ll)

respectively･ =n the case of the Monte Carlo data, these

relations have been used by replacing st by the stopping power
■

used 土n each simulation.

As can be seen from Figs. ==.i-6, the empirical formulas for
●

nN, nE and rE fit generally well to the data, and are considered

to be val土d土n七be energy r印10n 10-3≦E≦102.

The goodness of fit.of the experimental data to the

emplr土cal formulas ぐ:an be measured by七he rela七土ve rms dev土a七土on
●

6 defined by

n

6=f(1/n) ≡
土-1

【y土/y(E土卜1】2)1/2 ′ (12)

where n is the number of the data points, yi is the ith data on

the parameter y for the reduced energy Ei, and y(Ei) is the

corresponding value
､of

the pa.rameter glVen by the empirical
● ■

formula. ☆

Values of 6 for RN, RE and r苫Of each projectils are given

in Table ==.2, and lie between 6 and 30%. Typical experimental

errors stated in the sources of the data are given in Table ==.3.

The values of 6 in Table ==.2 are comparable to most of the

☆ 工n the leasモーSquareS f上土 セo de七erm土ne 七be values of the

constan七s 土n七he empユr土cal formulas,the sum of squares of
●

1n[y(Ei)/Yi] has been minimized instead of 6･ The reason is

described in Appendix B of ref. 4.
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experimental errors in Table ==.3, indicating again that the fit

is satisfactory. 1However, systematic deviations are seen for

some values of Z2･ For example, the experimental data on RN and

RE OfFH ions incident on Ta are lower than the values of the

empirical formula by 畠bout 30% on the average (see Fig. 12 of

A4A=N FIGURES). The following three possible causes for these

sys七ema七土c deviations have been d土scussed 土n ref. 4三(1) errors

in the formulas for S
0

e
･ (2) approximate nature of the scaling

law assumed for TIN and nE, and (3) experimental errors due to

characteristics of targets. To evaluate and reduce each of these

errors, further experimental and theoretical studies are required.

At low energies, the empirical formula for RN Of H and D

ions incident on C predicts a slight increase of RN With increas-

ing energy (see Figs. i and 16 of班A=N FIGURES). This behavior

is considered to be a spurious one due to 七he predom土nanこ:e Of the

nuclear stopping OVer the electronic stopping,･ this predominance
●

might cause deviations of actual values of nN from the simple

universal?urve expressed by eq･ (6)･ Therefore, the errors in

the empirical formulas for RN and RE are expected to be rather

large below the energies Where this spurious behavior appears in

也e formula for ㌔･

ⅠⅠⅠ. COMPILATION OF DATA

The experimental data on RN, RE and rE reported before the

end of 1980 have been compiled and s七ored エn 七be computer of

Institute of Plasma Physics, Nagoya University. The combinations

-6-



of the incident ions and the target elements available are shown

in Table ===.i. Numerical values of the data on the three

●

parameter-q are glVen in MÅ=N TABLES, Tables 1154, and the data on

RN and RE are also shown in比A=N FIGURES, Figs･ i-54･ These

figures contain the curves of the empirical formulas plotted for
■

●

energies from 10 eV to 100 keV.* sources of the data are shwon

in the tables and the figures by the use of abbreviations, and

the corresponding references are listed in the alphabetical order

a七 the end of this report.

All the data on ㌔ and ㌔ of each pro〕ect土1e are plotted土n

Figs. Ill.i-3 as a function of C. The empirical formulas are

also plotted in these figures for representative materials with

high and low values of the parameters.

* For D ions incident on the targets with Z2>-74 and He ions

●

incident on the targets with Z2≧29, the empirical formulas for

RN and RE give erroneous values greater than unity at low

energies･ =n such caLSeSr the plot of these curves is made only

for the region Where the value is less than unity.
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APPENDIX

■

For the sake of the readerTs convenience, the semiemplrical

formuras8,9) for the nuclear stopping-power S and the electronic
n

Stopping-power seo′ which constitute part of the empirical
■

formulas for RN and BET are quoted here･ The expressions for Sn

and SeO are given in LSS reduced stopping units･

(i) Sn (common to all incident ions)

sn
=工･593El/2

for ∈く0.01

≡ i.7El/2ln(∈+e)/(i+6.8c+3.4c3/2) for 0.01<亡く10

≡

1n(0.47∈)/2E for ∈>10 .

where e is the base of the natural logarithm.

(2) SeO for E and D ions

seo =

AIREl/2 for liE<10 keV′amu

i/SeO
=

1/SLl+i/SHl for lO5F<1000 keV/amu I

where

sLl = A2KEO･45

-8-
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SHl I (A3K/E) 1n･(1+A4/E+A5E)

氏 ≡ 0･l18(Ml+M2) (2f12/3+z22/3)i/2/zIZ2Ml I

(A-.7)

(A.8)

E is the incident energy per projectile mass expressed in units

●

of keV/amu･ and the symbols Ai (i=1･ 2･
-･′ 5) denote

coefficients whose values are g･1Ven for each element 土n ref. 9.
●

(3) S
0

forHeion
e

i/SeO
=

i/SL2+i/SH2 for l<E<1000 keV I

where

sL2 --･A BIKEB2

SH2 = (B3K/E!)1n(i+B4/ET+B5E-)

El =

E/1000 ,

(A.9)

(A.10)

(A.ll)

(A.12)

I is the incident energy in keV･ and the symbols Bi (i=1･ 2･
･･･,

5) denote coefficients whose values are given for each element in

ref. 8.

Examples of the values of A. and a. aL･e quoted in Table A.i
エ ユ

for represen七at土ve elements.
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℡able工工･1･ Values of the cons七an七s ln七be emplr土cal
■

formulas･ Errors attached are those of least-squares fit.

Cons七an七 H ion D ion

bl

b2

b3

He 土on

0.375 ±0.037

0.107 ±0.030

0.64 ±0.13

0.0338±0.0091

0.872 ±0.052

0.306 ±0.091

0.50 ±0.13

0.300 ±0.023

0.316 ±0.023

0.282 ±0.077

0.O121±0.00･AO

o.872a)

0.465 ±0.040

0.273 ±0.052

0.197 ±0.009

0.416 ±0.021

0.148 ±0.029

oa)

o.872a)

0.470 ±0.018

0.262 ±0.020

a) ℡わe value has been f土Ⅹed 土n 七he fit.

′
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Table ==.2. Values of relative rms deviation 6
EOf

the

experimental data on RN･ RE and rE from the

empirical
formulas

are shown for each projectile. Numbers n of the experimental

●

data Collected ate also glVen.

㌔

Projectile n 6
･(%)

RE rE

n 6 (%) n 6 (%)

H ion

D 土on

96 26

38 22

He 土on 16 30

133 17 79 22

27 13 26 10

140 28 13 6

-12-



rl!able ==.3. Typical experimental errors. The references
●

corresponding to th岳abbreviations for data sources are glVen at
●

the end of 七h土s report.

Data

SOurCe

AN76

EC79

Sエフ6

VE80

Error

-10%
for RD>2×10-3

J_】

-50%
for RN Of 1･5-Rev H on C

-30%
for RN Of 1･5-Rev H on W

-10亀for ㌔ of 15-keV H on W

-30%
for RN Of 5･-Rev He on W

from 10% for high RN and RE Values

to 25% for low RN and RE Values

2-20% for RN Of H

5% for RN Of He

-13-



Table エエエ.i. Combinations of the incident ions and the

target elements available in the present compilation. The

numbers in the second to the fourth column indicate the numbers

of theptables and the figures in which the cor･responding data

●

are glVen･

Target =ncident ion

element H D He

6C

12Hg

13Al

14S土

22Ti

23V

24Cr

26Fe

27Co

28Ni

29Cu

30Z

31G

32G

a

e

1 16 24

2

3

4

6

7

25

27

28

29

30

31

32

33

35

36

37

38

Target =ncident ion

e lement H D He

34Se

40Zr

41Nb

4 2Ho

46Pd

4 7Ag

48Cd

49工n

50Sn

51Sb

52℡e

73Ta

74W

78Pt

79Au

- 39

8 40

9

12

13

14

20 41

23 53

54



Table A･1･ Exampl･es of the values of the coefficients Ai

and Bi (i=l, 2,
･･･, 5) in the semiempirical formulas for SeO (Ai

from ref･ 8; Bi from ref･ 7)･

1

Value

coefficient
6C 13A1 26Fe

AI

A2

A3

A4

A5

BI

B2

B3

B4

B5

2.631E OO 4.154E OO 3.519E 00

2.989王: 00 4.739E OO 3.963E 00

1.445E O3 2.766E O3 6.065E 03

9.572E O2 1.645E O2 1.243E 03

2.819E-02 2.023E-02 7.782E-03

4.232E OO 2.5 E OO 5.013E 00

3.877E-01 6.25 E-01 4.707E-01

2.299E O1 4.57 E O1 8.558E 01

3.5 E 01 1. E-01 1.655E 01

7.993E OO 4.35!)E OO 3.211E 00

Value

Coefficient
4 2Mo 74W

Al

且2

且3

A4

A5

BI

B2

B3

B4

B5

6.425E OO 4.574E OO 4.856E 00

7.248E OO 5.144E OO 5.46 E 00

9.545E O3 1.593E O4 1.832E 04

4.802E O2 4.424E O2 4.385E 02

5.367E-03 3.144E-03 2.542E-03

9.276E OO 6.335E 00

4.18 E-01 4.825E-01

1.571E O2 2.551玉: 02

8.038E OO 2.834E 00

1.29 E OO 8.228E-01

3.223E 00

5.883E-01

2.327E 02

2.954E 00

1.05 E 00
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experimental result芦 for the targets of Nb, Mo and Ta,･ squares:

蛇onte Carlo results for the targets of Cu (ref. 5).･ crosses:

Monte Carlo results for the targets of A1 (ref. 5) ,･
curves.･ the

empirical formulas universal for all materials. All the experi-
■

mental data are compiled in the present report. This figure

has been 七aken from ref. 4.
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MAIN TABLES

Experimental data on the number-backscattering

coefficient RN, the energy-backscattering coefficient RE

and the mean fractional energy rE Of backscattered particles･

The order 土n which each comb土nat土on of 七he inc土den七

ions and the target elements appears is given in the
●

following list. Sources of the data are show'n by the use

of abbrevia七土ons′ and 七be corresponding references are

listed in the alphabetical order at the end of this report.
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⊥IST OF TA臥ES / FIGURES FOR DATA

Taもle/Figure No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

. 23

24

25

工nc土den七 工on

H

H

H

冗

H

班

H

H

冗

H

H

H

H

H

H

D

D

D

D

D

D

D

D

Ⅱe

fie

ー26-

Target

C

AI

S土

℡土

Fe

Ni

Cu

Zr

Nb

Mo

Ag

Ta

W

Au

Pb

C

Ti

Fe

Ni

Nb

Mo

W

Au

C

Mg



Table/Figpre No.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

工nc土dent 工on

L.
He

He

He

He

I王e

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

He

-27-

Target

AI

S土

Ti

V

Cr

Mn

Fe

Co

Ni

Cu

Zn

Ga

Ge

Se

Zr

Nb

Mo

pd

Ag

Cd

工n

Sn

Sb

Te

Ta

W

P七

Au

Pb



Notes

i) As for AN76･ only the data on RE Of H ions incident on Pb and

those of He ions incident on Si, Ag, Ta and Pb have been adopt-

ed. Other data h8.Ve Originally or revisedly appeared in sz76

and SO76.

2) The data fro:rL EC79 include those reported earlier in the

fo11owing publications :

W. Eckstein and H. Verbeek= J. Nuc1. Mater. 76 & 77 (1978) 365.

W. Eckstein′ F. E. P. Matschke and H. Verbeek: J. Nuc1. Mater.

63 (1976) 199.

3) As for the following sources, numerical data have been

provided by courtesy of the authors= H=76, SC78, S=76 and SO76.

4) The following data have been collected after determining the

values of constants in the empirical formulas.･ BO76, ST79, TH80
●

and the data for s七a土nless steel from EC79.

5) Reference ST79 presents two sets of data obtained by the

nuclear-reaction method and by the re-emission method. The

se七by七he former me七bod has no七been土ncluded 土n 七he present

compilation because of larger errors･
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Table 1･ RN･ RE
an卓 rEOf H ions on

6C･

Energy

(ev)
RN RE rE

Data source;

1.5 E 03

2.5 E 03

5.0 E 03

7.5 E 03

1.0 E 04

EC79

1.03E-01

4.5 E-02

1.6 五-02

8.9 E-03

5.0 E-03

3.54E-02

1.36E-02

4.27E-03

2.27E-03

1.44E-03

3.44E-01

3.03E-01

2.67E-01

2.55E-O1

2.87E-01

Table 2･ RN, RE and rE Of H ions on
13A1･

Energy

(eV) ㌔ RE rE

Data source:

1.0 E 04

1.5 E 04

2.0 E 04

3.0 E 04

S工76

2｡5 E-02

2.0 E-02

1.1 E-02

5.3 E-03

4.3 E-03

3｡1 E-03

1.9 E-03

1.0 E-03

1.75E-01

i.55E-O1

1.72E-01

i.89E-O1

Table 3･ RN, RE and rE Of H ions on
14Si･

Energy

(eV) ㌔ ㌔ rE

Data source; EC79

5.0 E O3 3.0 E-02 8.42E-03 2.81E-01
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Table 4･ RN, RE and rE Of H ions on
22Ti･

Energy

(eV) ㌔ ㌔ rE

Data source三

1.0 E 03

1.3 E 03

1.7 E 03

2.0 五 03

3.0 E 03

4.0 ≡ 03

5.0 E 03

6.0 E 03

8.0 E 03

BO76

2.2 E-01

1.8 E-01

1.8 E-01

1.4 E-01

9. E-02

6. E-02

4. E-02

4.5 E-02

4. E-02

Data sollrCe; EC79

6.67E O2 4. E-01

2.5 E O3 1.15E-01

5.0 E O3 7.0 E-02

i.0 E O4 3.3 E-02

1.34E-01

4.37E-02

2.36E-02

9.77E-03

3.34E-01

3.80E-O1

3.37E-O1

2.96E-01

-30-



Table■5･ RN, RE an4･rE Of H ions on
26Fe･

Energy

(eV) ㌔ ㌔ rE

Data source:

2.5 E 03

5.0 E 03

7.5 E 03

1.0 E 04

i.?.5E 04

1.5 E 04

EC79 (data

i.63E-O1

1.10E-01

7.9 E-02

6.5 丑-02

5.7 E-02

4.1 E-02

Data source: Sエ76 (data

1.0 E 04

1.5 E 04

2.0 E 04

3.0 E 04

6.9 E-02

4.9 E-02

4.0 E-02

2.5 E-02

for stainless

6.30E-02

3.72E-02

2.7 E-02

2.0 E-02

1.2 E-02

for s七a土nless

1.47E-02

1.0ユ.E-02

7.0 E-03

3.4 E-03

steel)

3.86E-01

3.38E-01

3.40E-01

3.llE-O1

3.01E-01

s七eel)

2.21E-01

2.07E-01

1.81E-01

1.90E-01
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Table 6･ RN, RE and rE Of H ions on
28Ni･

Energy

(eV) ㌔ ㌔ rE

Data source= EC79

1.5 E 03

5.0 E 03

7.5 E 03

1.0 丑 04

1.5 E 04

1.59E-01

1.37E-01

9.0 E-02

8.5 E-02

3.7 E-02

7.12E-02

4.88E-02

3.08E-02

3.02E-02

1.12E-02

4.48E-01

3.56E-01

3.42文一01

3.55エー01

3.04E-01

でable 7･ ㌔′鞄and rE Of H土ons on
29Cu･

Energy

(eV) ㌔ ㌔ rE

Data source三

5. E 03

7.5 E 03

1.0 E 04

i.5 E 04

2.0 E 04

3..0 E 04

S工76

1.40E-01

1.05E-01

8.5 E-02

6.4 E-02

5.2 E-02

3.3 E-02

3.76E-02

2.75エー02

2.01E-02

1.33E-02

1.02E-02

6.0 E-03

2.27E･･O1

1.99E-01

1.96E-01

1.98E-01

Table 8･ RN, RE and r五Of H ions on
40Zr･

Energy

(eV) ㌔ ㌔

Data source: BO76

2.0 E 03

3.0 E 03

4.0 E 03

6.0 E 03

8.0 E 03

2.9 E-01

1.9 E-01

1.6 E-01

1.3 E-01

6. E-02
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Table 9･ RN･ RE
anq･ rE Of H ions on

41Nb･

Energy

(ev) ㌔ ㌔ ごE

Data source:

5.0 E 03

7.5 E 03

1.0 E 04

1.5 E 04

Data source;

1.0 E 04

1.5 E 04

2.0 E 04

3.0 E 04

Data source:

1.00E 03

1.34E 03

1.67E 03

2｡00E 03

2.66E 03

3.00E 03

3.33E 03

4.00E 03

4.50E 03

5.00E 03

6.00E 03

7.00E 03

8.00E 03

9.00E 03

1.00E 04

EC79

1.05E-01

8.5 E-02

7.3 E-02

4.7 E-02

S工76

7.21E-02

4.9 E-02

4.1 E-02

2.7 E-02

SO76

4.34E-02

3.13E-02

2.83E-02

1.73E-02

1.66E-02

1.00E-02

7.8 E-03

4.8 E-03

8.0 ≡-02

7.4 E-02

7.9 E-02

6.2 E-02

5.7 E-02

5.2 E-02

5.0 E-02

4.9 E-02

4.O E-02

2.8 E-02

2.6 E-02

2.8 E-02

3.1 E-02

1.7 E-02

1.8 E-02

4.13E-01

3.68E-01

3.87E-01

3.68E-01

2.30E-O1

2.10E-01

2.01E-01

1.89E-01
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Table 10･ RN, RE and rE Of a ions on
42Mo･

Energy

(eV) ㌔ ㌔ rE

Data source:

2.5 E 03

5.0 E 03

7.5 E 03

1.0 E 04

1.5 E 04

Data source;

1.0 E 04

1.5 E 04

2.0 E 04

3.0 王: 04

EC79

1,45E-O1

1.09E-01

9.2 E-02

7.09E-02

5.2 E-02

Sエー76

8.7 E-02

6.4 E-02

5.0 E-02

3.1 E-02

6.21E-02

4.lox-02

3.22E-02

2.37E-02

1.59E-02

2.OプE-02

1.38五-02

i.08E-02

6.2 E-03

4.28五--O1

ユ.7bE-O1

3.50E-01

3.34E-01

3.06E-01

2.43E-01

i.95E-O1

2.15E-01

2.04E-01
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Table 11･ RNt RE
an? rE Of H ions on

47Ag･

Energy

(ev) ㌔ ㌔ rE

Data source:

1.0 E 04

1.5 E 04

2.0 E 04

3.0 E 04

Sエフ6

1.34E-01

i.00E-O1

7.9 E-02

4.8 E-02

Data source: SO76

1.5 E 03

2.0 E 03

2.6 E 03

3.0 E 03

3.3 E 03

4.0 E 03

5.0 E 03

6.0 E 03

3.10E-02

2.13E-02

1.54E-02

9.4 E-03

1.16E-01

i.08E-O1

1.01E-01

8.5 E-02

8.7 E-02

6.6 E-02

5.8 E-02

5.0 E-02

2.36E-01

2.07E-O1

2.01E-01

2.10E-01

Table 12･ RN, RE and rE Of H ions on
73Ta･

Energy

(eV) ㌔ ㌔ rE

Data source:

1.0 E 04

1.5 E 04

2.0 E 04

3.0 E 04

S工76

i.32E-O1

1.01E-01
●

8.7 E-02

5.i I-02

3.30E-02

2.50E-02

i.88E-02

1.25E-02

2.54E-O1

2.48E-01
J~~~~~~=

2.24E-01

2.44E-01
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Table 13･ RN, RE and rE Of H ions on
74W･

Energy

(eV) ㌔ ㌔ rE

Data source:

5.0 E 03

7.5 E 03

1.0 E 04

1.25E 04

i.5 玉 04

EC79

1.68E-01

1.65E-01

1.23E-Ul

1.19E-01

1.07E-01

7.06E-02

6.60E-02

4.67E-02

4.46E-02

3.85五-02

4.20E-01

4.00E-01

3.80E-01

3.75E-01

3.60E-01

Table 14･ RN, RE and rE Of H ions on
79Au･

Energy

(eV) ㌔ ㌔ rE

Data source;

2.5 E 03

5.0 王: 03

8.0 E 03

9.0 E 03

1.0 E 04

1こ6 E 04

EC79

3.20E-01

2.51王ト01

1.97E-01

2.llE-01

2.07E-01

1.34E-01

1.37E-01

9.74E-02

7.50E-02

7.42E-02

7.35E-02

4.45E-02

4.28E-01

3.88王トU1

3.81E-01

3.52E-01

3.55E-01

3.32E-01
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Table 14 (Continued).

Energy

(eV) ㌔ ㌔ rE

Data source:

5.0 E 03

7.5 E 03

1.0 E 04

1.5 E 04

2.0 王: 04

2.5 E 04

3.0 E 04

4.0 ≡ 04

5.0 E 04

Data source;

1.17E 03

1.33E 03

1.67E 03

1.75E 03

2.00E 03

2.33E 03

2.51E 03

3.00E 03

3.3 E 03

3.51E 03

4.51E 03

5.00E 03

6｡02E 03

7.00E 03

8.00E 03

9.00E 03

1.00E 04

Sェ76

3.10王トO1

2｡70E-01

2.30E-01

1.90E-01

1.55E-01

1.35E-01

1.25E-01

9.9 E-02

8.4 E-02

SO76

Data source: VE80

5.0 E O3 2.17E-01

8.0 E O3 1.74E-01

9.5 E-02

7.5 E-02

6.09E-02

4.33E-02

3.50王ト02

3.10E-02

2.55E-02

1.96E-02

1.51E-02

1.55E-01

1.44E-01

1.43E-01

1.18E-01

i.38E-O1

1.17E-01

1.40E-01

1.20E-01

1.13E-01

1.09E-01

8.9 E-02

8.1 E-02

7.4 王ト02

7.0 f:-02

7.4 E-02

5.8 E-02

5.6 王卜02

9.2 E-02

7.0 E-02

3.30E-01

3.12E-01

2.70E-01

2.60E-01

2.25玉-01

2.10E-01

2.00E-01

1.99E-01

1.79E-01

4.22E-01

4.0 E-01

-37-



でable 15･ ㌔, ㌔ and rE Of Hions on
82Pb･

Energy

(eV) ㌔

Data source: AN76

3.0 E 04

3.5 E 04

4.0 E 04

4.5 E 04

4.5 五 04

5.0 E 0.4

5.7 E 04

5.7 E 04

6.0 E 04

6.0 I 04

6.2 E 04

6.5 王; 04

2.3 E-02

1.7 E-02

1.9 E-02

1.7 E-02

1.4 エー02

1.3 E-02

i.06E-02

9.7 E-03

1.07E-02

1.22E-02

9.7 E-03

1.17E-02
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Table 16･ RN, RE and rE Of D ions on
6C･

Energy

(ev) ㌔ ㌔ rE

Data source三

2.5 E 03

5.0 E 03

7.5 E 03

Data source;

5.0 E 01

1.0 E 02

2.5 E 02

5.0 E 02

1.0 E 03

EC79

5.5 E-02

1.8 E-02

i.4 E-02

ST79

2,.6 E-O1

1.6 E-01

1.2 E-01

1.2 E-01

7. E-02

2.09E-02

6.25E-03

3.82E-03

3.79E-01

3.47E-01

2.73E-01

Table 17･ RN, RE and rE Of D ions on
22Ti･

Energy

(eV) ㌔ ㌔ rE

Data so11rCe=

6.67E 02

2.5 E 03

5.0 E 03

7.5 E 03

1.0 E 04

1.5 E 04

EC79

1.8 E-01

1.35E-01

8.4 E-02

5.6 E-02

5.2 E-02

2.4 ヱト02

7.69E-02

5.81E-02

3.26E-02

1.85E-02

1.68E-02

7.98E-03

4.27E-01

4.30E-01

3.88E-01

3.31E-01

3.24E-01

3.32E-01
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Table 18･ RN, RE and rE Of D ions on
26Fe･

Energy

(eV) ㌔ RE rE

Data source:

2.5 E 03

5..0 E 03

7.5 E 03

Data source:

1.25E 02

2.5 E 02

5.0 E 02

7.0 E 02

1.0 E 03

EC79 (data for stainless steel)

2.26E-01

1.12E-01 4.90E-02 4.37E-01

1.05E-01

TH80 (data for stainless steel)

5.0 E-01

4.2 E-01

4.0 E-O1

3.7 E-O1

3.2 E-01

Table 19･ RN, RE and rl: Of D ions on
28Ni･

Energy

(eV) ㌔ ㌔ rE

Data source:

2.5 E 03

5.0 E 03

7.5 E 03

1.0 ヱ 04

1.5 五 04

EC79

i.69E-O1

1.30E-01

9.8 E-02

8.5 E-02

6.4 E-02

7.81エー02

5.37E-02

3.53E-02

3.09E-02

2.18E-02

4.62E-01

4.13E-01

3.60E-01

3.63E-01

3.40E-01

-40-



Table 20･ RN･ RE
a申rE Of D ions on

41Nb･

Energy

(eV) ㌔ RE

Data source: EC79

2.5 E O3 2.21E-01

5.0 E O3 1.69E-01

8.14E-02

5.15E-02

3.68E-01

3.05E-01

Table 21･ RN, RE and r五Of D ions on
42Mo･

Energy

(eV) ㌔ ㌔

Data source:

2.5 E 03

5.0 E 03

7.5 E 03

i.0 アニ04

1.5 E 04

EC79

1.29E-01

1.12E-01

1.09E-01

8.4 E-02

6.1 E-02

5.78E-02

4.27E-O2

3.82E-02

2.89E-02

i.99TE-02

4.48E-01

3.81E-01

3.50E-01

3.44E-01

3.27E-01

Table 22･ RN, RE and rE Of D ions on
74W･

Energy

(eV) RN

Data source:

5.0 E 03

7,.5 E 03

コ..0 E 04

1.5 E 04

EC79

2.llE-O1

1.93E-01

1.74E-01

1.31E-01

RE rE

9.03E-02

7.97E-02

6.68E-02

4.64E-02

4.28E-O1

4.13E-01

3.84E-01

3.54E-01
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Table 23･ RN, RE and rE Of D ions on
79Au･

Energy

(eV) ㌔ ㌔ rE

Data source= SO76

3.17E O3 1.30E-01

でable 24･ ㌔, ㌔ and rE Of He土ons on
6C･

Energy

(eV) ㌔ RE rE

Data source: Eエ76

1.2 E 04

1.45E 04

7. E-03

5.5 E-03

Table 25･ RN, RE and rE Of He ions on
12Hg･

Energy

(eV) ㌔ ㌔ rE

Data source: Hエ76

1.2 E 04

i.45E 04

8. E-03

6. E-03

Table 26･ RN, RE and rE Of He ions on
13A1･

Energy

(eV) ㌔
RE rE

Data source; Hエ76

1.2 E 04

1.45E 04

8. E-03

6. E-03
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Table 27･ RN, RE and rE Of He ions on
14Si･

Energ■y

(eV) ㌔ ㌔

Data source: AN76

2.5 E 04

3.0 E 04

3.5 E 04

4.0 E 04

5.0 E 04

5.5 E 04

6.0 E 04

6.0 E 04

7.0 E 04

Data source: H工76

1.2 E 04

1.45E 04

6.7 E-03

5.0 E-03

5.5 E-03

4.6 E-03

4.0 E-03

4.9 E-03

5.3 E-･03

5.0 E･-03

2.8 E-03

8.5 E-03

6.5 E-03

Table 28･ RN, RE and rE Of He ions on
22Ti･

Energy

(eV) RN RE rE

Data source: EC79

5.0 E O3 1.4 E-01

1.0 E O4 9.0 E-02

1.5 E O4 7.0 E-02

Data source; Hエ76

1.2 E 04

1.45E 04
●

2.96玉ト02

2.31E-02

1.5 E-02

1.2 E-02

3.29E-01

3.30E-01
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Table 29･ RN, RE and rE OfHe ions on
23V･

Energy

(ev) ㌔ ㌔

Data source: E工76

1.2 E 04

1.45E 04

2.1 E-02

1.65E-02

Table 30･ RN, RE and rE Of He ions on
24Cr･

Energy

(ev) ㌔
RE

Data source: H=76

1.2 E 04

1.45E 04

2｡O E-02

1.55E-02

Table 3l･ RN, RE and rE Of He ions on
25Mn･

Energy

(阜Ⅴ) RN

Data source: H工76

1.2 E 04

1.45E 04

RE rE

2.3 E-02

1.9 E-02
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Table 32･ RN, RE and rE Of Ee ions on
26Fe･

Ene rgy

(eV) ㌔ ㌔

Data source: H=76

1.2 E 04

1.45E 04

2.3 E-02

1｡85E-02

でable 33･ ㌔, RE and rE Of He土ons on
27Co･

Energy

(eV) ㌔ ㌔ rE

Data source三 H工76

1.2 E 04

1.45E 04

3.0 E-02

2.5 E-02

Table 34･ RN, RE and rE Of He ions on
28Ni･

Energy

(eV) ･ RN RE r豆

Data source三 H工76

1.2 E 04

1.45E 04

3.35E-02

2.85E-02
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Table 3j･ RN, RE and rE Of He ions on
29Cu･

Energ■y

(eV) ㌔ ㌔ rE

Data source: Eエ76

1.2 E 04

1.45E 04

Data source: SC78

5.0 E 03

6.0 E 03

7.0 E 03

8.0 E 03

9.0 E 03

1.0 E 04

4.i E-02

3.5 E-02

7.9 王ト02

7.6 E-02

6.1 E-02

5.6 E-02

4.6 E-02

3.9 E-02

Table 36･ RN, RE and rE Of He ions on
30Zn･

Energy

(eV) ㌔ ㌔

Data source: H工76

1.2.E 04

1.45王: 04

4.25E-02

3.55E-02

Table 37･ RN, RE and rE Of He ions on
31Ga･

Energy

(eV) ㌔ ㌔ rE

Data sourCe= H=76

1.2 E 04

1.45E 04

3.2 E-02

2.8 E-02
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Table 38･ RN, RE and rE Of He ions on
32Ge･

Energy

(ev) ㌔ ㌔

Data source= H=76

1.2 E 04

1.45E 04

3.55E-02

3.0 E-02

Table 39･ RN, RE and rE Of He ions on
34Se･

Energy

(eV)
㌔ ㌔ rE

Data source; Hェ76

1.2 E 04

1.45E 04

3.65E-02

3.25E-02

Table 40･ RN, RE and rE Of He ions on
40Zr･

Energy

(ev) ㌔ ㌔ rE

Data source王 Hエ76

1.2 E 04

1.45E 04

2.65E-02

2.2 E-02
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Table 41･ RN, RE and rE Of He ions on
41Nb･

Energy

(eV) ㌔ ㌔ r玉

Data source: Hェ76

1.2 E 04

1.45E 04

2.85E-02

2.4 E-02

Table 42･ RN, RE and rE Of He ions on
42Mo･

Energy

くeV) ㌔ ㌔ rE

Data source;

5.0 E 03

1.0 E 04

1.5 E 04

2.0 ≡ 04

EC79

1.02E-01

8.9 E-02

7.4 E-02

6.0 E-02

Data source: H=76

1.2 E 04

i.45王: 04

4.63E-02

3.43E-02

3.07E-02

2.26E-02

3.85E-02

3.15E-02

4.54E-O1

3.85E-01

4.15玉-O1

3.76E-01

Table 43･ RN, RE and rE Of He ioI?･S On
46Pd･

Energy

(eV) RN RE rE

Data source三 H工76

1.2 E 04

1.45E 04

5.0 E-02

4.4 E-02
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Table 44･ RNt RE aha r玉Of =e ions on
47Ag･

Energy

(ev) ㌔ ㌔
Data source.･ AN76

1.8 玉 04

2.3 E 04

2.8 E 04

3.3 E 04

3.8 E 04

4.3 E 04

4.5 E 04

4.5 E 04

5.0 E 04

5.5 E 04

6.0 E 04

6.5 玉 04

7.0 E 04

7.5 E 04

Data source王 H工76

1.2 E 04

1.45E 04

Data source.･ SC78

4.0 五 03

4.5 E 03

5.0 E 03

6.0 E 03

7.0 E 03

8.0 E 03

9.0 E 03

1.0 E 04

2.9 E-02

2.7 E-02

2.8 E-02

2.0 E-02

1.73E-02

1.84E-02

1.66E-02

1.53ヱト02

1.39E-02

1.20E-02

1.09E-02

1.02E-02

9.5 E-03

8.5 E-03

5.9 E-02

4.9 E-02

1.31E-01

1.25E-01

i.20E-O1

1.12E-01

1.02E-01

9.2 五-02

8.5 玉-02

7.6 苫-02
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Table 45･ RN, RE and rE Of He ions on
48Cd･

Energy

(ev) ㌔ ㌔ rE

Data SOurCe三 H工76

1.2 E 04

エ.45E 04

5.4 E-02

4.6 E-02

Table 46･ ㌔･
RE andrE OfHe ions on

49エn･

Energy

(ev)
RN RE rE

Data source: Hエ76

1.2 E 04

1.45E 04

4.7 E-02

4.0 E-02

Table 47･ RNt RE and rE Of He ions on
50Sn･

Energy

(卓Ⅴ) ㌔

Data source: H工76

1.2 E 04

1.45王: 04

RE rE

4.4 E-02

3.9 E-02
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Table 48･ RN, RE and rE Of n.e ions on
51Sb･

Energy

(ev) ㌔
Data source: Eエ76

1.2 E 04

1.45E 04

4.5 E-02

4.0 E-02

Table 491 RNt
～ and rE Of He ions on

52Te･

Energy

(ev)
㌔

Data source; E工76

1.2 E 04

1.45E 04

4.4 E-02

3.7 E-02
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Table 50･ iiN, RE and rE Of He ions on
73Ta･

Energy

(eV) ㌔ ㌔ rE

Data source= AN76

3.0 E 04

3.5 E 04

4.0 E 04

4.5 E 04

4.5 E 04

5.0 王: 04

5｡5 E 04

6.0 E 04

6.5 F 04

7.0 E 04

7.5 E 04

8.0 王: 04

Data source: Eエ76

1.2 E 04

1.45E 04

2.7 E-02

2.5 E-02

2.3 五-02

2.3 E-02

2.2 E-02

2.2 E-02

2.1 E-02

2.1 E-02

1.98E-02

1.82E-02

i.72五-02

i.60E-02

5.3 E-02

4.6 E-02

Table 51･ RN, RE and rE Of He ions on
74W･

王nergy

(eV) ㌔ ㌔ rE

Data source;

5.0 E 03

1.0 E 04

1.5 E 04

2.0 玉 04

ECフ9

1.82E-01

1.59E-01

1.37E-01

1.25E-01

Data source= H工76

i.2 E 04

1.45E 04

8.87E-02

7.23E-02

6.62E-02

5.25エー02

5.9 E-02

5.1 E-02

4.88E-O1

4.55E-01

4.83E-01

4.20E-01
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Table 52･ RN, RE an･d rE Of He ions on
78Pt･

Energy

(eV) ㌔
Data souエ･Ce; Hエ76

1.2 E 04

1.45E 04

5.9 E-tO2

5.0 E-02

Table 53･ RN, RF. and rE Of He ions on
79Au･

Energy

(eV) ㌔

Data source; EC79

5.0 E O3 1.40E-01

1.0 E O4 1.35E-01

i.6 E O4 1.17E-O1

Data source= H=76

1.2 E 04

1.45E 04

Data source= SC78

5.0 E 03

6.0 王: 03

7.0 E 03

8.0 E 03

9.0 玉 03

i.0 E 04

Data source: Ⅴ玉80

1.0 E O4 1.34E-01

1.6 E O4 1.llE-01

㌔ rE

6.39E-02

5.27正一02

7.5 E-02

6.5 E-02

1.38E-01

1.36E-01

i.26E-O1

1.26E-01

1.ユ.6E-01

1.03E-01

4.6 エー02

4.73E-01

4.51E-O1

4.14E-O1
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Table 54･ RNP Rヱand rE Of He ions on
82Pb･

Energy

(eV) RN RE rE

Data source: AN76

3.0 E 04

3.5 E 04

3.5 E 04

4.0 E 04

4.0 E 04

4.5 E 04

5.0 E 04

5.5 王: 04

6.0 E 04

6.5 E 04

Data source.･ H=76

1.2 E 04

1.45玉 04

3.3 E-02

2.9 E-02

2.7 E-02

2.7 王ト02

'3.0 E-02

2.6 E-02

2.4 E-02

2.1 E-02

2.4 E-02

1.8 E-02

8.1 E-02

7.0 E-02
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MAIN FIGURES

■
●

Dependence on energy of the number-backscatterlng

coefficient RN and the energy-backscattering coefficient RE･

points represent exper土men七al data, and curves show the

★

empirical formulas of Tabata et a1.
l

The order in which each combination of the incident ions

and the target elements appears is given in the following
●

list. sources of the data are shown by七he use of

abbreviations. and 七he corresponding references are listed

土n the alphabetical亡)rder at the end of 七h土s report.

*

For D ion,3 incident on the targets with Z2 ≧ 74 and He

ions incident on the targets with Z2之 29, the empirical
J

formulas for RN and RE give erroneous values greater than

unity at low energies. =n such cases, the plot of these

=

curves is made only for the region Where the value is less

than un土七y.
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