




IPPJ-AM14 I

DATA ON THE BACKSCATTERING COEFFICIENTS

OF LIGfIT IONS FROM SOLIDS

(A REVISION)

Rinsuke ITO,1) Tatsuo TABATA,I) Noriaki ITOH,2)

Kenji MORITA,2) Takako監ATO and f7iroyuki TAWARA

institute of Plasma Physics, Nagoya University

Chikusa-ku, Nagoya 464, Japan

June 1985

Pemanent address :

1) Radiation Center of Osaka Prefecture, Shinke-cho, Sakai, Osaka 593,

Japan.

2) Department of Crystalline Materials Science, Faculty of Engineering,

Nagoya University, Chikusa-ku, Nagoya 464, Japan.



This document is prepared as a preprint of compilation of atomic data for fusion

research sponsored fu皿y or partly by the WP/Nagoya University. This is intended for

future pub払cation in a jOumalorwin be included in a data book after some evaluations

or reaLrangementS Of its contents. This document should not be referredwithout the

agreement of the authors. Enqu出es about copyrightand r6PrOduction血ould be ad･

ares.ted to Research TLnfomation Center, IPP/Nagoya University, Nagoya, Japan.



ÅBSTnCT

Experimental data on the number-backscattering coefficient RN. the

energy-backscattering coeff3ニient RE′ and the mean fractional energy rE Of

backscattered par比cles are tabulated f- HI D′
3He′

and
4He

ions normally

incident on elemental solids. References through 1984 are covered. The

dependence of RN and RE On incident energy is shown graphically for

energleS from 10 eV to 100 keV by plotting the experimental data.

computer-simulation data, and new enplrical formulas. Graphs are provided

for the projectiles of Ht Dt T1
3He(

and
4He

ions incident on 40 elemental

targets of atomic numbers from 3 to 921 and for H and
4He

ions incident on

compound targets. The listings of the computer programs to evaluate the

empirical formulas are also given. The programs can be used for elemental

and compound targets and for arbitrary angles of incidence. This

compilation is a revision of the previous publications:工nstitute of plasma

Physics Nagoya University Report =PPJ-AH-18; Atomic Data and Nuclear Data

Tables 28, 493 (1983).



CONTENTS

INTRODUCTION
..........,..............................................

℡be Emplrical Formulas
----------･----･-･･----･′

Discussion of Results ..................................,..........

Appendix = ‥.‥‥u‥‥‥‥.‥‥..‥‥...‥...‥‥........‥..‥‥.

Åppendix エェ ‥‥‥.‥‥.‥‥‥‥‥‥‥‥‥.‥‥.‥‥‥‥‥‥‥‥.‥

TABLE A. FORTRAN Subprogram to Evaluate Empirical Formulas for

Number- and Energy-Backscattering coefficients of

Light =ons =ncident on Elemental and Compound Targets

● ● ● ■ ● ● ● ● ● ● ● ● ● ● ■ ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ▲ ● ● ● ● ● ● ● ● ○ ● ● ● ● ● ● ● ●

TABIJE a. BAS=C Program to Evaluate Enplrical Formulas for Nurnber-

and Energy-Backscattering coefficients of Light =ons

=ncident on Elemental and Compound Targets ..........

FエGURE A. Reduced Number- and Energy-Backscattering Coefficients

as a Function of Thomas-Fermi Reduced Energy ........

EXPLANATION OF TABLES
................................................

EXPLANATION OF GRAPHS
･-T･･･････-････-------･･-･-･･-･･--

REFERENCES FOR TABLES AND GRAPHS ..........‥..........‥.....‥......

TABLES. Experimental Data on Number- and Energy-Backscattering Coef-

ficients RN and RE and on the Mean Fractional Energy of

Backscattered Particles rE=RE/RN

ェ.

エ1.

エエ工.

エⅤ.

Experimental Data on RNr REt and rE for H Ions on C to Pb ･･･

C AI Si Ti Fe Ni Cu Zr Nb Ho

Ag Ta W Au Pb

Experimental Data on RNt REt and rE for D Ions on C to Au ･･･

C Ti Fe Ni Nb Mo W Au

Experimental Data on RN, RE′ and rE for 3He工ons
on Ag to

Au
.‥...‥..........‥..‥............‥...‥ .‥..‥....

Ag W Au

Experimental Data on RNt RE′ and rE for
4=eエons

-In
C to

Pb ........................................ ..............

C Mg AI Si Ti v cr P.n Fe Co

-V-

Page

1

2

3

5

8

12

17

23

24

25

26

28

33

35

36



｢

Ni cu zn Ga Ge Se Zr Nb Mo Pd

`

Ag Cd エn Sn Sb Te Ta W Pt Au

pb
lt

GRAP王iS･ Number- and Energy-Backscattering Coefficients RN and RE

=･ RN and RE VS Energy for H=ons on Li to u
･･････････････

I.i Be C Hg AI Si K Ti v Cr

l=i

Mn Fe Co Ni Cu Zn Ga Ge Se Rb

Zr Nb Mo Pd Ag Cd =n Sn Sb Te

Ba Nd Gd Er Ta W Pt Au Pb U

【℡be same Elements for Graphs エエ･-Ⅴ】

==･ RN and RE VS Energy for D=ons on Li to u ･･････････････

I==･ RN and RE VS Energy for T Ions onI･i to u ･･･････.･･････

41

=v･ RNand RE VS Energy for 3He
Ions on Li to U･･････････････････ 101

v･ RN and RE VS Energy for 4He
Ions on Li to u ･

Ⅴ=･,. RN and RE VS Energy for Hエons on Compounds I

Tic TiN TiB2 WO3

v==･ RN and RE VS Energy for 4He Ions on Compounds

WO3

-Vl-

143



Z封℡RODtlCTェON

Data on the backscattering (also called reflection) of light ions are

important in various fields of research and application including the

development of thermonuclear-fusion reactor.1 Recent reviews of studies on

the backscattering are glVen by Mashkova2 and by Eckstein and, Verbeek･3

The parameters usefll.i for describing the backscattering are:

(i) the number-backscat七ering (also called particle-reflection) coefficient

RN defined as the ratio of the total number of backscattered particles,

charged and neutrals, to the number of primary particles,･

(2) the energy-backscattering coefficient RE defined as the ratio of the

total energy backscattered to the total incident energy.I

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

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

rE = RE/RN･ (1)

Experimental data on these parameters were compiled in Refs. 4 and 5 for

normal incidence
of ions, and in Ref. 6 for oblique 土ncidence. 工n these

referencesl empirical fornulas7,8 were also given tO facilitate the

evaluation of the parameters.

For normal incidencer new experimental data have been publishedF9-12

and attempts have been made to improve the empirical formulas･13,14 =n

this report, we give a revised- compilation of the data for normal incidence

along with the new empirical formulas. These formulas are a further

revision of those gユVen in Ref. 14.

Experimental data on RN, RE, and rE are COmPiled in tabular form･

Additionally, graphs of RN and RE VS incident energy are presented in which

the experimental data are plotted together with the curves given by the

empirical formulas. The computer-simulation data generated by the codes

p4ARLOWE15,16 and TR工M17 and given in literature are also shown in the

graphs. The data compiled in this report and a FORTRAN code for the
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empirical formulas are contained in the data base of Research Information

Center, Institute of Plasma PhysicIS. Nagoya University.

We consider the light ions of atomic numbers 1 and 2. that is H, D, T,

3He,

aこd
4He

ions, incident.n a target.f effecti,ely semi-infinite

thickness･ For T ionst no experimental data is available･ No particular

limit has been set on the土ncident energy in compiling. the data･ ℡he

七ar9etS COnS土dered for compilation in tabular form are amorphous or

polycrystalline solid of elemental materials aside from the following

cases: (1) The data for stainless steel have been compiled when the data

for iron is deficient, and (2) the data for crystalline tungsten reported

by且mano and Seidman9 have been compiled to glVe a measure at the lowest
=

energleS･ Experimental data for compound targets have also been compiledl

●

and are given Only in graphs.

References up to the end of 1984 have been covered. ℡わe list of data

●

sets not included for definite reasons has been given in Ref. 5. An

additional entry to the list is:

Part of the'data (incident energies of 3 and 10 Rev) on RN Of D ions on C

by Chen et al｡12: these authors used the method based on the

measurement of the trapping COefficient TN, and determined values by

RN=1-TN, SO that the errors in RN Was large for TN Close to unity･

As for various methods of measuring RN and RE, We refer the reader to

the aforementioned review articles.

ヽ

℡be bpirical Fo皿1as

The previous empirical formula$7 for RN and RE had the following

deficiencies= (1) A separate expression is given for each species of

incident ion without allowing interpolation for T or
S訳e

ions･ (2)

Extrapolation cannot always be made to energies below 0.3 Rev or above loo

kev. =n later formulas,13,14 a unified scaling valid for all the
L7･ight

ions of.1tOmic numbers up td two and an improved fitting function were used

to remove these deficiencies. The new formulas used in the present report

were obtained by revising those of Ref･ 14r and are given in Appendix･

The revision was made in the following respects:
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(1) AS Suggested in Ref. 14, the ratio of path lengths (ranges) of ions in

the target material was used in the scaling factor instead of the ratio

of stopping Cross-Sections.

(2) An additional factor depending on the ratio of the projectile mass to

the target atomic weight and on the reduced energy was included in the

scaling factor.

(3) A universal fitting function was used to fit the reduced energy-

backscattering coefficient instead of the reduced number-backscattering

coefficien七(see Appendix for the definition of the reduced

backscattering coefficients) , and the functional form was simplified.

Puttint)v t!)e present empirical formulas into the relation glVen in Ref.

8 (see Appendix ==) ,
we obtain impr.owed formulas for the backscattering

ヽh

coefficients at arbitrary angles of incidence. A FT8RTF･ANsubprogram to

evaluate these empユrical formulas is 91Ven土n でable A. A BASエC program for

the same purpose is given in Table B.

The empirical formulas at normal incidence were plotted in the graphs

of the present report for the region Of erlergleS from 10 eV to 100 keV.

Discussion of Results

Experimental data on RN and RE Of light ions are available, in

favoL-able cases, for incident energies down to 33 eV and up to 80 Rev.

Below 1 keV, data are scarce in spit.e of their importance in fusion

research. To predict the data in this energy region, Several authors

performed Monte Carlo simulations using the binary collision approximation.
.■ヤ

=n the energy region Where experimental and Honte Carlo studies overlap,

the results show moderately good agreement as can be～seen in the graphs of

this report.

For elemental targets, the new empirical formulas are reasonably in

good agreement with the experimental and the computer-simulation data,

covering almost the whole energy region above 10 eV for various

Combinations of the projectile and the target (validity at energies above

100 Rev can be seen from Fig. A cn p. 23). The relative deviations of the

data from the emplrical formulas follow approximately the normal distr土bu-
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tion,I the standard deviation is 26% for the total of 525 experimental data,

and 28% for the total of 695 computer-simulation data. No significant

difference in the standard devaiation Can be seen for the different

projectiles. Applicability of the formulas to projectiles of mass number

greater than four is being investigated. As shown in Graphs V= and V==,

the formulas caJ･1'also be used to evaluate RN and RE for compound targets･

Few data are presently available for incident energies below 10 eV.

=t should be noted that, using the computer simulation called the embedded

atom method,18 Baskes19 has found a drastic decreaset due to the effect of

chemical interactions･ of ㌔ with decreasing energy below several eV･ Data

in this energy region are urgently needed in designing the divertors of

tokamak-type fusion devices.
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Appndix I

=n this appendix we present the empirical formulas used for RE and rE･

The formula for RN Can be obtained from these formulas by use of Eq･ (1)･

(1) Meaning of Symbols and Definitions

㌔
RE

rE

E

ZI

Z2

也1

H2

P

α

ち

f

C

-number-backscattering coefficient.

=energy-backscattering coefficient.

=mean fractional energy of the backscattered particles

=㌔/㌔･
=reduced number-backscattering coefficient

=fRN･

=reduced energy-backscattering coefficient

=f㌔･

=incident kinetic energy of the proコeCtile in eV.

=atomic number of the projectile.

=atomic number of the target.

=maSs of the proコeCtile.

=atomic weiロht of the target.

=H2/Hl･

=1+1/p.

=(1+(Zl/Z2)
2/3]1/2･

=scaling factor for the backscattering coefficients.

=Thomas-Fern.i. reduced energy

=o･o32534E/(ZIZ24/3αE)
I

●

Slow-energy electronic stopping Cross-Section in LSS units;

the formula of Lindhard et al･20 corrected for the Z2-

osci11ations is used.

=high-energy electronic stopping Cross-Section in LSS units.

The Bethe-Bloch formula modified by Biersack and HaggmaTk17

is used,･ the modification was made so that the relation

(1/SL+1/SB) gives the electronic stopping cross-section

in the intermediate energy region.

=electronic stopping CL･OSS-Section given by the formula of
●
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Pa

ーPn

Lindhard et al･20 when p is much greater than unity･

='-vir七ual‖ path length (range) of the inciden七ion in the

target material when the stopping Cross Section is assEumed to

be glV9n by Sa for the whole energy reg10n･

=MtrueT'path length of the incident ion in the target

血aterial.

▲

=path length, determined by nuclear st()pplng Only, of the

incident ion in the target material,･ the formula of Wilson et

a1.21 is used.

r(v, Ⅹ)
≡

e-ttv-1dt

D =correction factor for the low-energy electronic stopping

cros.q-section.

Al

β

2
m C

e

2;2=0

2i
C

M
C

=coefficient in the semiemplrical formula of Andersenろad

ziegler22 for the electronic stopping Cross-SeCti,)n･

=ratio of the projectile velocity to the velocity of light.

--rest energy of the electron.

三mean eXCitation energy of target atoms.

=ef'fective atomic number of the compound target.

=effective atomic weight of the compound target.

(2) Formulas

The formula for RE is written as

RE = (0･705/f)/(1+(c/0･047)0･597+(e/o･619)1･5]･

f I Z12/3Ml-1/2α(2e-3)/(e+1) pa/pt･

pa/pt
= (2･e/pn+[1/SL+1/(4SB) ]-1)/sat

pn
-- (T[0, (C-1)1n(Be)]-r[0･-21n(Ben)/(AB) I

A = 0.56258′

where

-6-
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B = 1.1776.

C = 0.62680′

sL I

D(a/ら)3/2sa,

sB = 61･47Zl-Z2-2/3Iln[eB/(1-β2)+1+G/eB]-β2l/(=oeB)J

･sa
= o･o793Z12/3GHl-1/2el/2･

D = 0･2617(i+Z22/3)3/2z2-1Al･

eB - 2m c2β2/(z2=0),
e

12+72;2

I.-(

for Z2<13,

9･76+58･5Z2-1･19 for Z2≧13,

100Zl/2i2 for Zlく3,

G-i
5 for El≧.3･

The formula for rE is given by12

rE = 1/[1+(e/0･133)0･285]+o･530/[1+(e/85)-l･46] ･

For the compound target, Zc and Mc defined by the

are used int5tead of Z2 and M2 tO evaluate the value of

explicitly in Eqs. (Al), (A2), and (A15).･

Zc, Mc = (mX+nY+-)/(m+n十･-).

(且6)

(且7)

(A8)

(A9)

(AIO)

(All)

(且12)

(A13)

(且14)

(A15)

following formula3

∈ appearin9

(A16)

where x, y, ... are the atomic numbers or the atomic weights of the

constituent elements in the compound XmYn････ Values of 2e/p･ SL･ SB, and

S for the compound target are evaluated by applying the Bragg rule･
a
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(3) Comments on Formulas

.At
high energies nN and nE behave as e-1･5 in accord with theoretical

prediction (see Appendix 1 of Ref. 14). When the exponent of the last term

in Eq. (A1) was adjusted, we obtained the value of 1.486±0.027; therefore,

the exponent was fixed to l･5 in the final fit･ The curves of nN and nE

versus e are shown in Fig. A together with the experimental and computer-

simulation data used for the fit.

Another feature to be noted at high energies is that the factor

α(2e-3)/(e+1) in f is approximately equal to α2,･ then f is apFrOXimately

equal to the scaling factor derived from the single-collision model by

Horita et al･13 A similar dependence of the scaling factor on α at high

energies is implied by Wedel1,s single-collision approximation result123

which gives α3/【1+5/(恥= in place of α2 when the terms of the second and

higher orders in 1/pare neglected (note that α=1+1/p).

The dependence of the exponent of α on c at low and intermediate

energ･1eS Was determined by inspection so as to reduce the deviation of the
●

formulas from the data for D ions incident on the carbon target.

To obtai･･,A the expression for pt at high energies･ the factor in ‡) of

Eq. (且9) was assumed to be a constan･ヒ and β much smaller than unity.

軸endi文王T

=n this appendix we give an empirical relations between the
●

backscattering coefficients of light ions at oblique incidence and those at

normal incidence.

(1)似eaning of Symbols

R(0) =number- or energy-backscattering coefficient of ions normally

incident on the target (denoted by RN Or RE in other part of

tbis report).

R(a) =number- or energy-backscattering coefficient of ions impinging

on the target at the angle of incidence 8.

(2) Relation

-8-



良(0) ≡

氏(0)+【1-氏(0)】/(1+alCOt2a28),

where al and a2 are given aS follows:

For the number-backscattering coefficient,

al = 7･38EO･359,

a2 = 0･836/eO･087･

For the energy-backscattering coefficient,

al ≡ 17･9∈0･453′

a2 ≡ 0･771′∈0･014･

(3) Comments on the Relation

(A17)

(A18)

(A19)

(A20)

(A21)

℡he combination of Eq. (A17) with the present empirical formulas f■or

the backscattering coefficients at normal incidence gives formulas for

arbitrary values of 0. ℡也e standard deviation of the relevant data★ from

these formulas is 21% for experiment (130 data points), and 15% for

computer simllation (494 data points).

* T'he data obtained to show the dependence of the backscattering

coefficients on O･ Those compiled in Ref･ 6 and the new ones in Ref･

12 were used.
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TABLE A. FORTRAN Subprogram to Evaluate Empirical Formulas

for Number- and Energy-Backscattering Coefficients of Light =ons

工ncident on王ユemental and Compound ℡ar9etS

【Ca11 RN=ON for the Nulnber-Backscattering Coefficient

and RE=ON for Energy-Backscattering Coefficient]
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C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C
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FUNCT工ON RhTION (THETA,ENERGY,NZl ,Ml,N宝.NZ2 ,NW)

NU托BER-BACKSCATTER=NG COEFFエC=ENT OF L=GHT =ONS

虻EAN工NG OF =NPUT VAR=ABLES

THETA ANGLE OF =NC=DENCE =N DEGREE

ENERGY =NC王DENT KINETIC ENERGY エN EV

NZI ATO比エC NU比BER OF THE PROJECTILE

HI NLASS NU出BER OF THE PROJ王:CTZLE

NE NUMBER OF CONSTITUENT ELEMENTS =N THE TARG王;T

NZ2 ARR良Y FOR ATOM工C NU比BERS OF THY; CONST=TUENTS

NW ARRAY FOR RELATエVE NU拭BERS OF ATOMS OF THE

CONST=TUENTS

EXAMPL苫: FOR TR=T=UM エONS OF 1-ⅩEV ENERGY エNC=DENT ON Tt!E

Tエ02 (TITANIUM DIOXIDE) TARGET, ENERGY=1000, N2;1=1, Ml=3,

NE=2, NZ2(1)=22, ⅣW(1)=1, NZ2(2)=8 AND NW(2)=2

TABLES PREPARED

AIT TABLE OF MASSES OF PROJECTILES

A2T TABI}E OF ATOMIC WEIGHTS OF ELEMENTAL TARGETS

エロpAC (1983) ′ C12=12

D TABLE OF CORRECTION FACTORS FOR THE LOW-ENERGY

ELECTRON=C STOPPエNG CROSS-SECTION

DIMENS工ON AIT(5)
,A2T(92) ,D(92) ,NZ2(NE) ,Ⅳ肘(NE)

DA℡Å Al℡/

Zl= i

+1.0072766.2.0135536′3.0155011′

2;1= 2

+3.0149325′4.0015059/
DA℡Å A2℡/

Z2= 1-10

+1.00794,4.002602,6.941′9.01218.10.811.12.011.14.0067.15.9994.

+18.998403.20.179.

Z2=11-20

+22.98977,24.305,26.98154,28.0855,30.97376,32.066,35_453,39.948,

+39.0983,40.078.

Z2=21-30

+44.95591.47.88.50.9415.51.9961′54.9380.55.847.58.9332.58.69.

+63.546′65.39′

Z2=31-40

+69.723.72.59,74.9216.78.96.79.904,83.80.85.4678.87.62′88.9059.

+91.224′

Z2=41-50

十92.9064,95.94.99‥101.07.102.9055.106.42.107.8682.112.41.114.82.

+118.710,

Z2=51-60

+121.75′ユ27.60′126.9045′131.29′132.9054.137.33,138.9055′140.12.

+140.9077.144.24.

2;2=61-70

+145‥150.36.151.96.157.25.158.9254.162.50,164.9304.167.26′

+168.9342.173.04′

Z2=71-80
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+174.967.178.49.180.9479′183.85.186.207.190.2,192.22.195.08.

十196.9665′200.59′

C Z2=81-90

+204･383.207.2.208.9804.210‥210..222..223.′226..227..232.0.

C
,

Z2=91-92

+231‥238.0289/
●

DATA D/
C Z2= 1-10

+･9341.･6693..6654..9712.1｡007,1.024,1.111..9699..7357..6842,

C
ノ Z2=11-20

+･8769,1.290.1.395,1.378,1.063,1.123.1.632.1.839,1.642,1.749.

C Z2=21-30

+1.638.1.523.1.396.1.236.1.072,1.083‥9624,1.085.1.125.1.277.

C Z2=31-40

+1･525.1.675.1.601.1.762,1.679.1.914.1.696.1.884.1.900.1.993.

C Z2=41-50

+2･039,1･894,2.001.1.795.1.738,1.534,1.644.1.698,1.816.1.866.

C Z2=51-60

+2･181.2･027,2.240.2.384.2.108.2｡283.2.321,2.159.2.100.2.042.

C Z2=61-70

+1･986rl･93211･879tl･931rl･779(1･578tl.492r1.44･8rl.406rl.365r

C Z2=71-80

+1.394.1.431,1.348.1.300.1.477.1.439,1.403.1.269.1.376.1.220,

C Z2=81-90

+1.336.1.504.1.683,1.739.ユ,.751.1.744.1.959′2.115.2.167,2.170,

C Z2=91-92

+2.884.2.050/

F(Zl,Z2)=SQRT(Zl**.6666667+Z2**.6666667)

FNEPS (E,Zl,Al,Z2,A2)=.032534*E/(Zl*Z2* (1.+Al/A2) *F(Zl,Z2) )

RNE(TH)=RO+(1.-RO)/(1.+ASl* (COTAN(TH) )
**

(2.*AS2H

600 FOR比AT(I uNDEF=NED PROJECT=LE エS CALLED. I)

N=1

GO ℡0 1

ENTRY. RE=ON (THETA,ENERGY,NZl
,Hl,NE.NZ2 ,NW)

C

C ENERGY-BACKSCATTERエNG COEFFエC工ENT OF L=GHT =ONS

C

N=0

1エF(NZl.EQ.1)

工F(NZl.EQ.2)
2 WR工℡E(6′600)

GO ℡0 3

GO TO 4

R冒TURN

3 =F(Ml.LT.1.OR.Ml.GT.3) GO TO 2

Al=三AIT (Hl)

GO ℡0 5

4 =F(kE1.LT.3.OR.Ml.GT.4) GO TO 2

Al=AIT (Hl+i)

5 Zl=NZI

ZIP=Zl**.6666667

Z2EFF=0.

A2EFF=0.

SAEFF=0.

SBEFF=0.

SUH=0.

DO 70 ==1,NE
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Z2=NZ2 (工)

A2=A2T(NZ2(I) )

W==NW(I)

Z 2f:FF=Z2EFF+W= *Z2

A2EFF=A2EFF+W= *A2

SUM=S U拭+W=

FMU=Al /A2
AA=1. +FMU

Z2P=Z2**.6666667

ZZ=SQRT (i.+Zip/Z2P) ,

EPS==FNEPS (ENERGY,Z1,Al ,Z2 ,A2)
SA=. 0793*sQRT (EPS) /FHU

W=Zl*2;Z*AA/Z2P
W==W= *ZIP/A2

SAEFF=SAEFF+W= *
sA

SL=D (NZ2 (I) )*ZIP* (AA/ZZ) **1.5*sA/SORT(Al)

=F(Z2-12.9) 10,10,20

10 F=0ヒ12.+7./Z2

GO ℡0 30

20 F=0=9.76+58.5/Z2**1.19

30 TAU=EPS*Z2**2*W/Al/3.03055E7

BETA2=TAU* (TP.U+2. )/ (TAU+i. ) **2

EPSB=1. 022E6*BETA2/Z2/Flo

=F(Zl-2.9) 40,40,50

40 C=100.*zl/Z2

GO で0 60

50 C=5.

60 SB=61. 474/FMU*W* (ALOG (EPSB/ (1.
-BETA2)

+1. +C/EPSB) -BETA2)
/Flo/EPSB

SB=2. *EPS/RANGEN (EPS) +SL*SB/ (. 25*SL+SB)

SBEFF=SBEFF+WZ *SB

70 CONT=NUE

Z2=Z2EFF/SUFI

A2=A2EFF/SUM
SA=SAEFF

SB=SBEFF

EPS=FNEPS (ENERGY,Zl,Al
,Z2 ,A2)

FEPS=(2.*EPS-3.)/(EPS+1.)

RO=. 705*sA/SB/ (1.+Al/A2) **FEPS

RO=RO/(1.+(EPS/.047)**.597+(EPS/.619)**1.5).

℡H=℡HE℡A★1. 745329ヱー2

=F(N.EQ.1) GO TO 80

エF(TH.EQ.0.) GO TO 78

ASl=17.9★EpS★★.453

AS2=. 771/EPS**.O14

RE=ON=RNE (TH)

RETURN

78 RE=ON=RO

RETURN

80 t､三1./(1.+(EPS/0.133)**0.285)+0.530/(1.+(85./EPS)**1｡46)

RO=RO/氏

=F(TH.EQ.0.) GO TO 88
一

旦Sl=7.38★EpS★★.359

且S2=.836/EPS★★.087

RNエON=RNE (TH)

RETURN
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88 RNION=RO

RETURN

END

C
▲

FUNCTエON R且NGEN (EPS=IJN)

C REDUCED R邑NGE OF =ONS FOR NUCLEAR STOPPING ONLY.

C W. D. WILSON, L. G. tiAGG出ÅRK AND J. P. B=ERSACK′

C PHYS. REV. a 15, 2458 (1977).

PATA A,a,C/.56258,1.1776,
･62680/

Ⅹ=LOG (B★EPSエI}N)

Ⅹ1=くC-1.)★Ⅹ

Ⅹ2=-2.★Ⅹ

RANG王N= (EXP=NT (Ⅹ1) -EXPZNT (Ⅹ2) )/A/B
RETURN

END

C

FUNCT=ON EXP=NT (X)

C =NCOHPIJETヱ GA払拭A FUNCTエON: G且比托A (0,X)

C GAMMA(0,Ⅹ)≡-Eエ(-汰) FOR X〉O

C GAH出色(0,Ⅹ)≡-E=BAR(-Ⅹ) FOR XくO

DOUBLE PRECISION A,B,CONY,F,P,Q,T,Z

D工MENS=ON A(4)
,B(4)

DATA A/.2677737343,8.6347608925,18,.0590169730.8.5733287401/
DATA a/3.9584969228,21.0996530827,25.632956148619.5733223454/

.
DATA CONY/i.D-7/

Z=D.BLE (Ⅹ)

=F(X-1.) 10,40,40

10 P=.57721566490153

工F(Ⅹ) 12.30.15

12 =F(X+83.5) 13,15,15

13 EXP=NT=-1.E75

RETURⅣ

15 P=;P+LOG(ABS (a) )

F=1.DO

T=-Z

20 Q=T+P

=F(ABS(P-Q)-CONV) 30,30,22

22 P=9
T=-.?. *F*T

,

F=F+1.DO

T=T/F**2

GO ℡0 20

30 EXP=NT=-P

RETURN

40 =F(X-84.) 43,43,41

41 EXP=NT--1.E-75

RETURN

43 P=((((2;+A(4))★2TJ+A(3))*Z+A(2))*Z+A(1))/
+ ((((Z+B(4))★2;+B(3))*Z+B(2))*Z+B(1))

EXP=NT=EXP (-Z) *p/Z.

RETURN

END
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■

TABLE a. BASIC Program to Evaluate Empirical Formulas

for Number- and Energy-Backscattering coefficients of Light Ions

エncident on Elemental and Compound Targets
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10

20

30

40

50

60

70

80

90

t

I

I

I

I

I

r

I

I

I

P王iOGRAM NA出E : RNE=ON

PURPOSE : TO CALCULATE NU比BER- AND ENERGY-BACKSCATTER=NG COEFFICIENTS

OF L=GHT =ONS

比良CHZNE: ANY ONE OPERATエNG UNDER BASIC INTERPRETER WITH DOUBLE

PRECISION FUNCTIONS: ASS, EXP AND LOG

FOR EXAMPLE, PC-9801 SERIES

100 I MEANING OF =NPUT VAR=ABLES

110 ｣

120
1

130
I

コ.40
I

150
1

160 I

170 I

180 I

190
I

200
I

210
t

220 I

230
l

THETA ANGI.E OF エNC=DENCE エN DEGREE

ENERGY =NC=DENT KINETIC ENERGY ZN EV

NZl% ATOM=C NUMBER OF THE PROJECTILE

M1亀 MASS NUMBER OF THE PROJECTエLE

NE% NUMBER OF CONSTITUENT ELE比ENTS =N THE TARGET

NZ2% ARR良Y FOR ATOMIC NU拭BERS OF THE CONST=TUENTS

NW% ARRAY FOR RELATIVE NUMBERS OF ATOZ4S OF THE

CONST=TUENTS
ヽ

玉Ⅹ且的PLE: FOR TR=T=UH =ONS OF 1-KEY ENERGY =NC=DENT ON THE

T=02 (TZTAN=U.q DIOXIDE) TARGET. ENERGY=1000, NZl%=1. Ml亀=3'

NE%=2, N2;2%(1)=22, NW%(1)=1, NZ2%(2)=8 AND NW%(2)=2

240
t

250
I

TABLES PREPARED=

290

300

310

320

AIT TABLE OF Z4ASSES OF PROJECTILES

A2T TABLE OF ATOMIC WEIGHTS DF ELEMENTAL TARGETS

エロP且C (1983). C12=12

D TABLE OF CORRECTION FACTORS FOR THE LOW-ENERGY

ELECTRON=C STOPPING CROSS-SECTION

I

I

TO TEST THE PROGRAh4･.

330
1

pusH RETURN KEY FOR ALL REQUESTS･

340
1

RESULTS SHOULD BE:

350 1 NUMBER-BACKSCATTER=NG COEFF=C=ENT= . 56425

360
1

ENERGY-BACKSCATTER=NG COEFF=C=ENT= . 453919.

370
1

380 WエDTH 80,25･.CONSOLE 2,25,0,1:COLOR 7･.ON ERROR GOTO ★WR=TEMES

390 DIM AIT(5),A2T(92),D(92),A#(4),B#(4)
400 DヨF FNF(2;1,Z2)=SQR(ZIA.666667+Z2-.666667)

410 Df:F FNEPS('d,2;i,Al,Z2,A2)=.032534★E/(Zl*2:2* (1!+A1/A2)*FNF(Zl,Z2) )

420 DEF FNRNE(TH)=RO+(1!-RO)/(1!+ASl/TAN(TH)
A

(2!*AS2) )

430 RESTORE 440 :FOR ==1 TO 5=READ AIT(I) :NEXT=

440
1

乙1= 1

450 D且℡A 1.0072766,2.01j5536′3.0155011

460
1

2;1= 2

470 D且℡A 3.0149325′4.0015059

480 REしrORE 490 :FOR ==1 TO 92=READ A2T(I)=NEXT:

490
1

500 DA℡A

510 DATA

520 I

530 DA℡A

540 DA℡Å

550
I

Z2= 1-10

1.00794.4.002602.6.941.9.01218,10.811.12.011.14.0067.15.9994

18.998403′20.179

Z2=11-20

22.98977′24.305.26.98154.28.0855.30.97376.32.066,35.453.39.948

39.0983,40.078

Z2=21-30
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560 DATA 44.95591,47.88,50.9415151.9961･,54.9380,55.847,58.9332.58.69

570 DATA 63.546,65.39

580 1 Z2=31-40

590 DATA 69.723.72.59,74.9216′78.96.79.904′83.80.85.4678′87.62.88.9059

600 DATA 91.224

610
1

Z2=41-50

620 DAでÅ 92.9064′95.94.99‥101.07.102.9055.106.42′107.8682′112.41.114.82

630 DATA 118.710

640 I

650 DÅでÅ

660 DA℡A

670
1

680 DA℡A

690 ごATA

700 I

Z2=51-60

121.75′127.60′126.9045′131.29′132.9054′137.33′138.9055′140.12

140.9077′144.24

Z2=61-70

145.′150.36.151.96.157.25.158.9254.162.50-164.9304′167.26

168.9342.ユ73.04

Z2=71-80

710 DA℡Å 174.967,178.49.180.9479.183.85′186.207,190.2.192.22,195.08

720 DAm 196.9665,200.59

730 I
z2三81-90

740 D且℡A 204.383.207.2.208.9804.210‥210.,222..223..226..227.,232.0

750
1

z2=91-92

760 DATA 231.,238.0289

770 RESTORE 780 =FOR ==1 TO 92:READ D(I):NEXT=

780

790

800

810

820

830

840

850

I

DA

I

DA

I

DA

I

DÅ

2;2= 1-10

℡A
.9341,.6693′.6654′.97ユ2.1.007.1.024,1.111′.9699′.7357,.6842

Z2=11-20

TA

TA

TA

.8769,1.290,1.395,1.378,1.063,1.123,i.632,1.839,1.642,1.749
Z2=21-30

1.638′1.523′1.396′1.236′1.072′1.083′.9624.1.085′1.125′1.277

Z2=31-40

1.525.1.675.1.601′1.762.1.679,1.914′1.696,1.884′1.900.1.993

860 T Z2=41-50

870 DATA 2.039,1.894,2.001,1.795.1.738,1.534,1.644,1.698,1.816.1.866

880 1
z2=51-60

890 DATA 2.181,2.027,2.240,2.384,2.108,2.283,2.321,2.159,2.1CO,2.042

900
I

Z2=61-70

910 DATA 1.986.1.932.1.879.1.931.1.779.1.578.1.492.1.448.1.406,1.365

920 I
z2=71-80

930 DATA 1.394.1.431′1.348.1.300.1.477′1.439.1.403.1.269.1.376.1.220

940 I
z2=81-90

950 DA℡A 1.336.1.504.1.683,1.739,1.751.1.744,1.959.2.115.2.167.2.170

960
I

Z2=91-92

970 DATA 2.084,2.050

980
1

990 RESTORE 990 :FORエ=1 TO 4:READ A#(I) =NEXTニ

1000 DATA
.2677737343,8.6347608925,18.0590169730,8.5733287401

1010 RESTORE 1010 :FOR ==1 TO 4=RE且D B#(I) ;NEXT:READ CONV#
1020 DATA 3･9584969228r21.0996530827(25.6329561486r9･5733223454tl･D-7

1030 I

1040 LOCATE OtO:COLOR 5=PRINT'1 CALCULATION OF NU比BER- AND ENERGY-BACKSCATT

BRING COEFFICIENTS OF I.=GHT ZONSu

1050 *pROJECT=I･E:LOCATE 0,2=COLOR 5:PRINTI'parameters of the pro3eCtileTl
●

1060 *=NDTl:LOCATE 0,3:COLOR 6･.INPUT.' Angle of incidence in degree: (Defau

lt value=0)

T
'
, THETA

1070 CO工一OR@(0,3卜(79.3)
1080 *=NDT2･.LOCATE 0,4ミCOLOR 6:=NPUT''エncident kinetic energy in eV: (Defa
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ult value=10)
n,

ENERGY:エF ENERGY=くO THEN ENERGY=10

1090 COLOR@(0,4)-(79,4)

1100 ★エNDT3:LOCATE 0,5:INPUT-- Atomic number; (Default vaこue=;1)
--,

NZl%=IF

NZl%=O THEN NZl%-1

1110 =F N2;1%く1 0R NZ1%>2 THEN ERROR 100

l12q COLOR@ (Op5卜(79,5) ;GOSUB *ERASEMES

l130 *zNDT4:LOCATE 0,6:INPUT-一 也ass number: (Default value=1)
I
-
. Ml%;ZF Hl%

=O THEN hl亀-1

1140 =F NZl%=1 AND (Hl%く1 0R Ml%>3) OR NZl%=2 AND (Hl%く3 0R Ml%)4) THEN ERR

OR 101

1150
-COLOR@

(0,6)- (79,6) :GOSUB
*ERASEHES

l160 LOCATE 0,8･.COLOR 5:PRINT"Parameters of the target1':COLOR 6

1170 *=NDT5:LOCAT五0,9:=NPUT'. Number of the constituent elements in the ta

rget: (Default value=1)
".

NE%==F NE%=O THEN NE%=1

1180 COI-OR@(0′9)-(79.9)

1190 D=Z4 NZ2%(NE%)
,NW%

(NE%)

1200 FOR ==1 TO NE%

1210 *=NDT6:LOCATE 0,CSRL=N:INPUT.I Atomic ilumber: (Default value=79)

T
T
, NZ

2%(I) :ZF NZ2%(I)=<O THEN NZ2%(I)=79

1220 COLOR@ (0,CSRムエN-1)
-

(79,CSRLIN-i)

1230 *=NDT7=I.OCATE 0,CSRLエN:INPUT-I Relative numbers of the constituent ele

ments: (Default value=1)
".

NW%(I) :=F封W%(I)=O
THEN NW%(エ)三1

1240 COLOR@ (0,CSRL=N-1) -

(79,CSRLエN-1)

1250 NEXT I

1260 PR工NT:PRINT"エnput data all right? Answer with -y- or -n-. -I;

1270 ANSS=エNPUTi (1) :=F ZNP(&HE5)=&HFD TEEN *EXECUTE ELSE =F ZNP(&HE3)く>&HBF

THEN 1270 q

1280 COLOR◎(0,CSRIJ=N)- (79,CSRLエN).･PR=N'P=PR=NT--push any key to restart.
",･

:A

NSS==NPUTS (i) =COLOR 7 =CLS;ERASE NZ2%,NW% :GOTO ★PROJECT=LE

1290 *EXECUTE=LOCAT亙 47,CSRLエN;PRINT ANSS; =COLOR@ (0,CSRI'=N)
- (79,CSRLエN) ;GOS

UB *RE=ON

1300 LOCATE 0.CSRLZN十2 =COLOR 7王PR=NT-TNumber backscattering coefficient
=.-

,･R
N=ON

1310 PRINT"Energy backscattering coefficient =川,･R玉=ON

1320 LOCATE.0,22=COLOR 7=PR=NT"Push ly. key to continue, or 'nf key to end･
ll●

′

1330 ÅNSS==NPUTS (1) :エF =NP (&HE5)=&HFD THEN CLS=ERASE NW%,NZ2%=GOTO ★PROJECT

エLEヱLSE =F =NP(&tIE3)=&HBF THEN CONSOLE 0,25,1,1=CLS･.END ELS五1330

1340 *WR=TEMES:=F ERRく75 THEN *WR=TEHESl
●

1350 BEEP王LOCATE 20,25=COLOR 2=PR=NT''Undefined proコeCtile is called.t■,I =COLO

R 6

1360 ZF ERRく100 0R ERR>101･ THEN *WR=TE虻ESl

1370 Y=(ERレ1100)/40+5=LOCATE 0,Y:PRINT SPACES (79) :=F ERR=100 THEN RESUME
*

=NDT3 ELSE RESU比E *エNDT4

1380 *WR=TEHESl.･ON ERROR GOTO 0:RESUME

1390 *ERASE比ES:LOCATE 0,25 =PRエNT SP包CES (79)
,･.･RETURN

1400 1

1410 *RNエON= -FUNCTION RNZON (THETA,ENERGY,NZl,Ml,NE.N2;2,m)

1420
1

1430
1

NU出BER-BACKSCATTERZNC COEFF工CZENT OF LZGHT =ONS

1440
I

1450 N%-1=GOTO *RE=ON.1

1460 I

1470 *RE=ON･. 'ENTRY REZON (THETA,ENERGY,NZl,Ml.NE,NZ2,NW)

1480
I
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1490
I ENERGY-BACRSCATTERING CO玉FFICエENl' OF LエGHT =ONS

1500
1

1510 N%=0

1520 *RE=ON.1.･=F NZl%=2 THEN *RE=ON.4

1530 Al=AIT(Hl%) :GOTO *REエON.5

1540 *REエON.4:Al=AIT(Ml%+1)

1550 *RE=ON.5.･Zl=N2;1% =ZIP=ZIA.666667

1560 Z2EFF=0! =A2EFF=0! :SAEFF=0!.･SBEFF=0!.･SU山=0!

1570 FOR =%=1 TO NE%

1580 Z2=NZ2%(=%) :A2=A2T(NZ2亀(エ%) ) :W==NW%(=%)
1590 Z2EFF=Z2EFF+W=*Z2 =A2EFF=A2EFF+W=*A2 i SU比=SUM+Wエ

1600 FHU=Al/A2:AA亡1!+FMU:Z2P=Z2..666667 :2;Z=SQR(1 !+Zip/Z2P)

1610 EPS==FNEPS (ENERGY,Zl,Al.Z2,A2)

1620 SAニ.0793*SQR(EPS)/FMU

1630 W--Zl*ZZ*AA/Z2P.･WZ=Wエ★Zl/W/A2 ; SAEFF=SAEFF+Wエ★SA

1640 SL=D (N2;2% (=%) ) *ZIP*(AA/ZZ) -i.5*SA/SQR(Al)
1650 =F Z2)12.9 THEN F=0=9.76+58.5/Z2-1.19 ELSE F=0=12!+7王/Z2

1660 TAU=ヱPS*Z2A2*W/Al/3.03055E+07 =BETA2=TAU* (TAG+2! )/ (TAU+1! ) A2

1670 王:PSB=1. 022E+06*BETA2/Z2/Fエ0
1680 =F Zl)2.9 THEN C=5! ELSE Cヒ100!*Zl/Z2
1690 SB=;61. 474/FHU*W* (LOG (EPSB/ (1卜BETA2) +i ! +C/EPSB) -BETA2)

/Flo/EPSB

1700 EPS=LN=王PS : GOSUB *RANGEN : SB=2 ! *EPS/RA'LqGLl･N+SL*.'')a/ (. 25*sL+SB)

1710 SBEFF=SBEFF+Wエ★SB

1720 NEXT =%

1730 Z2ミ=Z2EFF/SUMS A2=A2EFF/SU比: SA=SAEFF i SB=SBEFF

1740 EPS=FNEPS (ENERGY,Zl,Al,Z2,A2) =FEPS=(2!*EPS-3! )/ (EPS十1! )

1750 RO=. 705*SA/SB/(i !+Al/A2) -PEPS

1760 RO=RO/(1!+(EPS/.047) A.597+(EPS/.619) Al.5)

1770 TH=THETA*.0174532:=F N%=1 THEN *RN=ON.80

1780 IF TH_-0! THEN *RN=ON.78

1790 AS1‡17.9*EPS一.453 ;AS2=. 771/EPSA.o14;REZON=FNRNE (TH).･GOTO ★RN=ON.80

1800 *RN=0-a. 78:RE工ON=RO

1810 *RN=ON.80:R=1!/(1!+(EPS/.133) A.285)+.53/(1.r+(85!/EPS)一i.46) :RO=RO/R
1820 =F TH=0! THEN *RNZON.88

1830 ASl=7.38*EPSA.359 :AS2≡=.836/EPS..087 :RN=ON=FNRNE (TH).･RETURN

1840 *RN=ON. 88 :RN=ON=RO :RETURN

1850 I

1860 *R且NGEN･. IFUNCTZON ZuNGEN (EPSZLN)

1870 t REDUCED RANGE OF =ONS FOR NUCLEAR STOPPING ONLY.

1880 I
w. D. WILSON, L. G. HAGG比且RK AND J. P. BエERSACK,

1890 1 pHYS. REV. a 15, 2458 (1977).

1900 X=LOG(1.1776*EPS=LN) :Xl=-.3732*X:X2=-2!*x

1910 X=Xl :GOSUB *EXP=NT:RANGEN=EXP=NT:X=X2 =GOSUB
*EXP=NT

1920 RANGEN=1. 50945* (RANGEN-EXP=NT) :RETURN

1930
～

1940 *EXP=NT: 'FUNCT=ON EXPエNT (X)

1950
1

=NCOHPLETE GA比良FUNCTエON: GAh4f4A(O,Ⅹ)

1960 -

GA凹地A(0,X)≡-Eエ(-X.) FOR X>O

1970 .

GAM山A(0,Ⅹ)≡-EZBAR(-X) FOR XくO

1980 Z#=CDBL(X)
1990 =F X=>1! THEN *EXP工NT.40

2000 P#-.57721566490153#

2010 =F Xく-86.7 THEN EXPZNT=-1.70141E+38.･RETURN

2020 =F X = O THEN *EXP=NT.30

2030 P#-P#+LOG(ASS(Z#) ) :F#=1#=T#=-7J#
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2040 *EXPエNT･ 20･･Q#-･T#+P#･･=F ABS (P#-Q#)=くCOⅣⅤ# TZIEN *EXP工NT. 30

2050 P#=9#:T#=-Z#'F#'T#:F#=F#+1#:T#=T#/F#A2=GOTO ･EXPINT.20

2060 *EXPINT. 30.･EXP=NT=-P# =RETURN

2070 *EXPINT.40:=F X)83.8 THEN EXP=NT=0! :RETURN
2080 P#=((((Z#+A#(4))☆Z#+A#(3))*Z#+A#(2))'Z#+A#(1))/((((z#+B♯(4))★Z#+B#(3))

*Z#+B#(2) )*Z#+B#(1) )
2090 EXP=NT=EXP卜Z#) *P#/z# :RETURN
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EXPmTェON OF TABLES

取BLJ=工･ Expriznent壱trl Data on RN･
㌔･ and rE for H工ons on C to Ph

♂
■′

TBB柑ZZ･ E'prinental Data on
㌔･ ㌔･ and rE for D Ions on C to Au

TWLE ===･ -eriJnental Data on RN. RE. and rE for
3芯e

Ions on Ag to Au

TABLE rV･ -eriznental Data on
㌔･

RE･ -a ㌔
for

4=e
Ions on c to pb

Target and Chemical symbol of target and reference code

Data Source for data source (see References for Tables

Energy

.㌔
㌔
rE

and Graphs)

Energy for incident ion in eV

Number-backscattering coefficient

Energy-backscatterin9 COefficient

Mean fractional energy of backscattered

particles; rE ≡

㌔′㌔

I(
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EXPL.hRAT工ON OF GRAPHS

Number- and Energy-Backscat･tering Coefficients RN and RE

GRAPH王I RN and RE VS Energy for Ⅱ ions on Li to tl

GR姐HェZ･ RN and RE VS Energy for D工ons on Li to tf

G粗pH工工工● RN and RE VS Energy for Tェons on Li to tl

G鮎pE =V･
㌔ and RE VS Ener野for

3Ee
Ions on Li to u

GRAPH V･ RN and RE VS Enerw for
4Ee

=ons on Li to u

GR姐E Vェ･ ㌔ and RE VS Ener野for E Ions on Compounds

GR- VII･ RN and ㌔ vs Energy for
4Ee

二ons on CoqNmnds

Ordinate

Abscissa

Legend

Number-backscattering coefficient RN (right-hand

scale)

Energy-backscattering coefficient RE (left-hand

scaユe)

工ncident ion energy in eV

ェncident ion-target Combination and symbol

with reference code for data source (see

References for Tables and Graphs) and code foll

method (EXP.･ experiment,･ CSJ4=computer simulation

with比良RLOWE,･ CST: computer simulation with

TR=M)
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mCES FOR TABI-ES AI壬D GR乱PIIS

A凹81 J. Amano and D. N. Seidman, -'Experimental determinatiion of the

particle reflection coefficients of low-energy (10011500 eV)
3He

and
4HIe

atoms from the (llC) plane of tungsten", I. App1. Phys. 52, 6934

(1981)

AN76 H･ H･ Andersen' T･ Lenskjaer' G･ Sideniu苧′ and H･ S如ensen' --Energy

reflected from solid targets bombarde.a with Rev protons and helium

ions川. ∫. Åppl. phys. 47, 13 (1976)

BH79 R･ S. Bhattacharya, W. Eckstein, and H. Verbeek, --Backscattering of

H and He from W and WO3--∫ J･ Nuc1･ Hater･ 79, 420 (1979)

BO76 J･ Bohdansky. J. Roth, M. 氏. Sinha, and W. Ottenberger, ‖Trapplng

coefficients of energetic hydrogen (0.3-a keV) in Ti at high doses..,

J･ Nuc1. Hater. 63, 115 (1976)

BR82 M. Braun and E. W. Thomas, "Reflection of 32-2000 eV deuterium from

carbon'', J. App1. Phys. 53, 6446 (1982)

BT76 J. B#ttiger and N. Rud,
ff

Reflection of 1'ight ions from solid

surfaces.I, =nst. phys. Conf. Ser. No. 28 (1976) p. 224

CH83 C. K. Chen. W. Eckstein. and a. H. U. Scher2:er, --Trapping and

reflection coefficients for 3He in Ni at oblique incidence"I Appl･

pbys. A 31, 37 (1983)

CH84 C. R. Ch畠n, ら. M. U. Scherヱer, and W. Eckstein, t-Trapping and

reflection coefficients for deuterium in graphite at oblique

incidencet-. Appl. phys. A 33′ 265 (1984)

EC79 W. Eckstein and H. Verbeek. MData on light ion reflection..,

Max-Planck =nst. plasma Phys. Rep. =PP 9/32 (1979)

EC83 W. Eckstein and J. P. Biersack, l'The reflection of light swift

particles from heavy solid targetsn, a. Phys. A 310, 1 (1983)

HZ76 D. Hildebrandt and 氏. Manns, --Reflection of kinetic energy during

the bombardment of polycrystalline solids with He and Ne ions'',

Phys. Status Solidi a 38, K155 (1976)

H=79 J･ R･ Hiskes, .1Formation of hydrogen negative ions by surface and

volume processes with application to negative ion sources", J. Phys.

(Paris) 40, C7-179 (1979)

H=81 J. R, Hiskes and P. J. Schneider, '1Formation of H- and D- ions by

hydrogen and deuterium particle backscatte1'ing from alkali-metal

surfacesH, phys. Rev. B 23, 949 (1981)
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KO83 N. N. Koborov. Ⅴ. A. Kurnaev′ Ⅴ. G. TelkovBky, and G. I. Zhabrev.

"Measurements of energy reflection from metT･als bombarded with keV D
l

and He ions at various angles of 土ncidence--. Radiat. Eff. 69′ 135

(1983)

OE76 0･. S. °en and H. T. Robinson. t■Computer studies of the reflection of

light ions from solids.-. Nucl. =nstrum. Methods 132, 647 (1976)

OE84 0. S. Oen and M. T. Robinson, "Ion backscattering from layered

targets.-. A=P Conf. Proc. No. 111 (1984) p. 171

0V80 S. H. Overbury, P. F. Dittner, S. Dat2:, and R. S. Thoe, ''Energy and

angular distribution of low energy H+ and D+ backscattered from

polycrysta11ine carbonM, J. Nuc1. 山ater. 93 & 94. 529 (1980)

SC78 J. Schou. H. S#rensen, and U. Littmark, MEnergy reflection

coefficients for 5110 kev He ions incident on Au, Ag and Cull, J.

Nuc1. Mater. 76 & 77, 359 (1978)

SC81 P. J. Schneider and H. Verbeek. "Hydrogen backscattering from TiN,

TiC and TiB2■I′ J･ Nuc1･ Hater･ 97, 319 (1981)

S=76 G. Sidenius and T. Lenskjaer, "Total backscattering of protons from

metal surfacest-. Nucl. =nstrum. Methods 132, 673 (1976)

SO76 H. S#rensen, .-Energy reflections from Nb. Ag, and Au bombarded with

1-10 keV protons

f
'
, proc. =nt. Symp. Plasma Wall Interaction, JtlllCh,

1976 (Pergamon, 0.yford, 1977) p. 437

S℡79 G. Staudenmaier. ∫. Rotb, 氏. Bebl土sch′ ∫. Bobdansky. W. Eckstein, ど.

Staib. S. Matteson.. and S. X. Erents, ..Trapping Of deuterium

implanted in carbon and silicon: A calibration for particle-energy

measurements in the plasma boundary of tokamaks", J. Nuc1. Hater･

84′ 149 (1979)

TA78 S. Tanaka, Y. Murakam1, and T. Shibata, "Measurement of energy

reflection from metals bombarded by 10-30 keV hydrogen ion beam--.

Jpn. ∫. Appl. phys. 17. 183 (1978)

TH80 E. W. Thomas, f-Retention and re-emission of 0.125-トkeV deuterium

in stainless steelT., J. App1. Phys. 51, 1176 (1980)

vE80 H. Verbeekl W. Ecksteint and R･ S･ Bhattacharyar llAngular and energy

distribut･ions of H and He atoms backscattered from gold‖′ J. App1.

pbys. 51. 1783 (1980)
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TABLE =･ Experimental Data on RNt RE′ and rE Of H Ions on C to Fe

See page 24 for Explanation of Tables

Target & Epergy

Data Source (eV) RN

C EC79 1.5 E

2.5

5.0

7.5

1.0

E

E

E

E

3

3

3

3

4

C OV80 1.0 E 3

1.2 E 3

1.5 E 3

2.0 E 3

2.5 E 3

3.0 E 3

AI Sエ76 1.0 E 4

1.5 E 4

2.0 ヱ 4

3.0 E 4

Si EC79 5.0 E 3

℡i BO76 1.0

1.3

1.7

2.0

3.0

4.0

5.0

6.0

8.0

E

E

E

≡

E

E

E

E

E

3

3

3

3

3

3

3

3

3

℡i EC79

Fe EC79

6.67E 2

2.5 E 3

5.0 E 3

1.0 E`4

2.5 E

5.0 E

7.5 E

1.0 E

1.25E

1.5

3

3

3

4

4

4

Fe S工76 1.0 E 4

1.5
.E

4

2.0 E 4

3.0 E 4

Fe TA78 1.0 E: 4

R王; rE

1.03E-1 3.54E-2 3.44E-1

4.5 E-2

1.6 E-2

8.9 E-3

5.0 E-3

1.13E-1

7.5 E-2

6.4 E-2

5.5 E-2

4.7 E-2

3.5 E-2

2.5 E-2

2.0 E-2

1.1 E-2

5.3 E-3

3.0 ≡-2

2.

1.

1.

1.

9.

6.

4.

4.

4.

2 E-1

8 E-1

8 E-1

4 E-1

E-2

E-2

E-2

5 E-2

E-2

4. E-1

1.15E-1

7.0 E-2

3.3 E-2

1.63E-1

1.10E-1

7.9 E-2

6.5 E-2

1.36E-2 3.03E-1

4.27E-3 2.67王ト1

2.27E-3 2.55E-1

1.44E-3 2.87E-1

4.3 E-3 1.75E-1

3.1 ≡-3 1.55E-1

1.9 E-3 1.72E-1

1.0 E-3 1.89E-1

8.42玉ト3 2.81E-1

1.34エー1

4.37E-2

2.36E-2

9.77E-3

6.30E-2

3.72E-2

2.7 E-2

2.0 E-2

3. 34E-1

3.80E-1

3.37E-1

2.96E-1

3.86E>1

3.38E-1

3.40E-1

3.llE-1

5.7 E-2

4.1 E-2 1.2 E-2 3.01E-1

6.9 E-2 1.47E-2 2.21E-1

4.9 E-2 1.01E-2 2.07E-1

4.0 E-2 7.0 E-3 1.81E-1

2.5 E-2 3.4 E-3 1.90E-1

1.5 E-2
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TABLヱ=･ Exp声rimental Data on RNr RE' and r苫Of打=ons on Fe to Nb

See pa9e 24 for Explanation of でables

℡ar9et &

Data Source

Energy

(eV) RN

Fe ℡A78 1.5 E 4

Ni EC79 1.5 E 3 1.59E-1

5.0 E 3 1.37E-1

7.5 E 3 9.0 E-2

1.0 E 4 8.5 E-2

1.5 E 4 3.7 E-2

Cu S工76 5. E 3 1.40E-1

7.5 E 3 1.05E-1

1.0

1.5

2.0

3.0

Cu ℡A78 1.0

1.5

E 4

E 4

E 4

E 4

E 4

E 4

8.5 E-2

6.4 E-2

5.2 E-2

3.3 王ト2

Zr BO76 2.0 玉: 3 2.9 E-1

3.0 E 3 1.9 E-1

4.0 E 3 1.6 E-1

6.0 E 3 1.3 E-1

8.0 E 3 6. E-2

Nb EC79 5.0 E 3 1.05E-1

7.5 E 3 8.5 E-2

1.0 E 4 7.3 E-2

1.5 E 4 4.7 E-2

Nb S=76 1.0 E 4 7.21E-2

1.5 E 4 4.9 E-2

2.0 E 4 4.1 E-2

3.0 E 4 2.7 E-2

Nb SO76 1. 00E

l.34E

l.67E

2.00E

2.66E

3.00E

3.33E

4.00E

4.50E

5.00E

tJ

3

3

3

3

3

3

3

3

3

3

RE rE

1.2 E-2

7.12E-2 4.48E-1

4.88E-2 3.56E-1

3.08E-2 3.42E-1

3.02E-2 3.55E-1

1.12E-2 3.04E-1

3.76E-2

2.75E-2

2.01E-2 2.27E-1

1.33E-2 1.99E-1

1.02E-2 1.96E-1

6.0 E-3 1.98E-1

2.0 E-2

1.6 E-2

4.34E-2

3.13E-2

2.83E-2

1.73E-2

1.66E-2

1.00E-2

7.8 E-3

4.8 E-3

8.0 E-2

7.4 E-2

7.9 E-2

6.2 E-2

5.7 E-2

5.2 E-2

5.0 E-2

4.9 E-2

4.0 E-2

2.8 E-2

4｡13E-1

3.68E-1

3.87E-1

3.68E-1

2.30E-1

2.10E-1

2.01E-1

1.89E-i

A11 the data listed for the Fe target are actually for stainless

steel. .
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TABLE =･ Experimental Data on RN, RE. and rE Of打=ons on Nb to W

See pa9e 24 for Explanation of でables

Target &

Data Source

Nb So76

■′

Energy

(eV)

6.00E

7.00E

8.00E

9.OeE

1.00E

3

3

3

3

4

RN RE

2.6 E-2

2.8 E-2

3.1 E-2

1.7 E-2

1.8 E-2

Ho EC79 2.5 E 3 1.45E-1 6.21E-2

5.0 E 3 1.09E-1 4.lo‡-2

7.5 E 3 9.2 E-2 3.22E-2

1.0 E 4 7.09E-2 2.37f:-2

1.5 E 4 5.2 E-2 1.59E-2

比o S=76 1.0 E 4

1.5 E 4

2.0 E 4

3.0 E 4

払o TA78 1.0 E 4

1.5 E 4

2.0 E 4

2.5 E 4

A9 Sエ76 1.0 E 4

1.5 E 4

2.0 モ: 4

3.0 E 4

Ag SO76 1.5

2.a

2.6

3.0

3.3

4.0

5.0

6.0

E 3

E 3

E 3

E 3

E 3

E 3

E 3

E 3

℡a Sエ76

W EC79

1.0 E 4

1.5 E 4

2.0 E 4

3.0 E 4

1.5 E

2.5 E

5.0 E

7.5 E

1.0 E

1.25E

1.5 E

3

3

3

3

4

4

4

8.7 E12 2.07E-2

6.4 E-2 1.38巧-2

5.0 E-2 1.08f:-2

3.1 E-2 6.2 E-3

2.1 E-2

1.7 E-2

1.4 E-2

1.0 玉-2

1.34ヱー1 3.lo‡-2

1.00E-1 2.13エー2

7.9 E-2 1.54f:-2

4.8 f:-2 9.4 E-3

1.16E-1

1.08E-1

1.01E-1

8.5 E-2

8.7 E-2

6.6 F-2

5.8 E-2

5.0 E-2

1.32E-1 3.30E-2

1.01E-1 2.50E-2

8.7 E-2 1.88E-2

5.1 E-2 1.25E-2

rE

4.28E-1

3.76E-1

3.50E-i

3.34E-1

3.06ヱト1

2.43E-1

1.95E-1

2.15E-1

2.04E-1

2.36E-1

2.07E-1

2.01E-1

2.lo‡-1

2.54E-1

2.48E-1

2.24玉;-1

2.44E-1

1.82E-1 8.19E-2 4.50E-1

1.71E-1 7.52E-2 4.40E-1

1.68E-1 7.06E-2 4. 20E-1

1.65E-1 6.60E-2 4.00E-1

1.23E-1 4.67E-2 3.80E-1

1.19E-1 4.46E-2 3.75E-1

1.07E-1 3.85E-2 3.60E-1
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TABLE =･ Experimental Data on RN, RE, and rE Of H Ions on Au to Pb

See page 24 for Explanation of でables

Target & Energy

Data Source (eV) RN

Au EC79 2.5 E 3

5.0 E 3

8.0 E 3

9.d E 3

工.0 E 4

1.6 E 4

Au Sエ76 5.0 E

7.5 E

1.0 E

1.5 E

2.0

2.5

3.0

4.0

≡

E

E

E

5.0 E

3

3

4

4

4

4

4

4

4

Au SO76 1.17E 3

1.33E 3

1.67E 3

1.75王: 3

2.00E 3

2.33E 3

2.51E 3

3.00E 3

3.3 E 3

3.51E 3

4.51E 3

5.00E 3

6.02E 3

7.00E 3

8.00E 3

9.00E 3

1.00E 4

Au VE80

Pb AN76

5.0 E 3

8.0 E 3

3.0 E 4

3.5 E 4

4.0 E 4

4.5 E 4

4.5 E 4

5.0 E 4

5.7 E 4

5.7 E 4

6.0 E 4

6.0 E 4

RE

3.20E-1 1.37E-1

2.51E-1 9.74モト2

1.97E-1 7.50E-2

2.llE-1 7.42E-2

2.07E-1 7.35E-2

1.34E-1 4.45E-2

3.lo∑-1 9.5 E-2

2.70E-1 7.5 E-2

2.30E-1 6.09E-2

1.90E-1 4.33E-2

i.55E-1 3.50E-2

1.35E-1 3.lot:-2

1.25E-1 2.55E-2

9.9 E-2 1.96E-2

8.4 E-2 1.51E-2

1.55E-1

1_44E-1

1.43ヱー1

1.18E-1

1.38E-1

1.17ヱ-1

1.40E-1

1.20E-1

1.13E-1

1.09E-1

8.9 E-2

8.1 E-2

7.4 E-2

7.0 E-2

7.4 E-2

5.8 王;-2

5.6 E-2

2.17E-1 9.2 E-2

1.74E-1 7.0 E-2

2

1

1

1

1

1

.3
E-2

.7
E-2

.9
E-2

.7
E-2

.4
E-2

.3
E-2

1.06王ト2

9.7 E-3

1.07玉ト2

1.22E-2

-31-

rE

4. 28王ト1

3.88E-1

3.81E-1

3.52E-1

3.55E-1

3.32E-1

3.30王ト1

3.12E-1

2.70E-1

2.60E-1

2.25E-1

2.10E-1

2.00E-1

1.99E-1

1.79E-1

4.22E-1

4.0 E-1



TABLEエ･ Experimental Data on RN'~ RE' aild rE Of 料 Ions on Pb

See page 24 for Explanation of Tables

r

Target & Energy

Data Source (eV) RN

Pb AN76 6.2 E 4

6.5 E 4

-32-

RE

9.7 E-3

1. 17王:-2

rE



TABLE ZZ･ E_xperimental Data on軸′ RE' and rE Of D Ions on C to Ni

See pa9e 24 for Explanation of ℡ab⊥es

Target &

Data Source

C BR82

C CH84

C EC79

C OV80

C S℡79

℡i EC79

Fe EC79

Fe TH80

Ni EC79

Energy

(eや)

3.30E

5.40E

2.05E

3.30E

4.48E

5.00E

1

1

2

2

2

2

1.00E 3

2.10E 3

4.0 E 2

1.0 E 3

3.0 E 3

2.5 E 3

5.0 E 3

7.5 E 3

1.0 E 3

1.2 E 3

1.5 E 3

2.0 E 3

2.5 E 3

3.0 E 3

5.0

1.0

2.5

5.0

1.0

E 1

E 2

E 2

E 2

E 3

6.67E

2.5 E

5.0 E

7.5 E

1.0 E

1.5 E

2

3

3

3

4

4

4.8 E-1

5.5 E-1

2.3 E-1

1.4 E-1

1.3 E-1

1.0 E-1

7.3 E-2

3.4 E-2

1.0 E-1

5.1 E-2

7.0 E-3

5.5 E-2

1.8 E-2

i.4 E-2

6.7 E-2

4.6 E-2

5.0 ≡-2

4.4 E-2

4.1 E-2

3.6 E-2

2.6 E-1

1.6 E-1

1.2 E-1

1.2 E-1

7. E-2

1.8 E-1

1.35E-1

8.4 E-2

5.6 E-2

5.2 E-2

2.4 E-2

2.5 E 3 2.26E-1

5.0 E･3 1.12E-1

7.5 E 3 1.05E-1

1.25E 2 5.0 E-1

2.5 E 2 4.2 E-1

5.0 E 2 4.0 E-1

7.0 E 2 3.7 E-1

1.0 E 3 3.2 E-1

2.5 E 3 1.69E-1
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rE

2.09E-2 3.79E-1

6.25E-3 3.47E-1

3.82E-3 2.73E-1

7.69E-2

5.81E-2

3.26E-2

1.85E-2

1.68E-2

7.98E-3

4.27E-1

4.30E-1

3.88苫-1

3.31E-1

3.24E-1

3.32E-1

4.90E-2 4.37E-1

7.81E-2 4.62E-1



TABLE ==･ Experimental Data on RNt REP and rE Of D Ions on Ni to Au

See page 24 for Explanation of ℡ables

r

Target &

Data Source

Energy

(eV) RN RE

Ni EC79 5.0 E 3 1.30E-1 5.37E-2

7.5 E 3 9.8 E-2 3.53E-2

i.0 E 4 8.5 E-2 3.09E-2

1.5 E 4 6.4 E-2 2.18E-2

Nb EC79 2.5 E 3 2.21E-1 8.14E-2

5.0 E 3 1.69E-1 5.15E-2

Z4o EC 79 2.5 E 3 1.29E-1 5.78E-2

5.0 E 3 1.12E-1 4.27E-2

7.5 E 3 1.OつE-1 3.82E-2

1.0 E 4 8.4 E-2 2.89E-2

1.5 E 4 6.1 ≡-2 1.99E-2

W EC79 1.5 E 3 2.92E-1 1.33E-1

2.5 王: 3 2.99E-1 1.25E-1

5.0 E 3 2.llE-1 9.03E-2

7.5 E 3 1.93E-1 7.97E-2

1.0 E 4 1.74E-1 ¢.68E-2

1.5 E 4 1.31E-1 4.64E-2

Au KO83 2.5 E 3

5.0 E 3

8.3 E 3

8.3 E 3

Au SO76 3.17E 3

2.1 I-1

1.6 E-1

8. E-2

1.1 E-1

1.30E-1

rE

4.13E-1

3.60正一1

3.63E-1

3.40E-1

3.68E-1

3.05E-1

4.48E-1

3.81E-1

3.50E-1

3.44E-1

3.27E-1

4.56E-1

4.ユ9E-1

4. 28E･･1

4.13E-1

3.84E-1

3.54E-1

A11 the data listed for the Fe target are actually for stainless

steel.
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TABLE ===･ Experimental Data on RN, RE, and rE Of
3He

Ions on Ag to Au

See page 24 for五Ⅹplanation of Tables

Target & Energy

Data Source (eV) RN

Ag BT76 1.5 E 4 2.3 E-1

1.5 E 4 2.1 E-1

2.0 E 4 1.95E-1

3.0 E 4 1.1 E-1

3.0 E 4 9. E-2

W A朗81 1_0 E 2 8.2 E-1

1.0 E 2 8.6 E-1

2.0 E 2 8.6 E-1

2.0 E 2 8.7 E-1

3｡O E 2 6.2 E-1

3.0 E 2 6.4 E-1

5.0 E 2 6.2 E-1

1.0 E 3 5.1 E-1

1.5 E 3 4.8 E-1

Au BT76 1.5 E 4 3.0 E-1

1.5 E 4 2.9 E-1

2.0 E 4 2.5 E-1

3.0 E 4 1.9 E-1
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TABLE =Ⅴ･玉xperimental Data on RN, REF and rE Of
4He

Ions on C to Ni

See pa9e 24 for Explanation of でables
P

Target & Energy

Data Source (eV) RN

一′

C H工76 1.2 E 4

1.45E 4

Mg H=76 1.2 E 4

1.45E 4

AI HZ76 1.2 E 4

1.45E 4

Si AN76 2.5 E 4

3.0 王: 4

3.5 E 4

4.0 E 4

5.0 E 4

5.5 王: 4

6.0 E 4

6.0 E 4

7.0 E 4

Si H工76 1.2 玉: 4

1.45E 4

℡i EC79 5.0 E 3 1.4 E-1

1.0 E 4 9.0 E-2

1.5 E 4 7.0 ≡-2

℡i H工76 1.2 E 4

ユ.45E 4

Ti KO83 5.0 E 3

V H=76 1.2 E 4

1.45E 4

Cr H工76 1.2 E 4

1.45E 4

Hn H=76 1.2 E 4

1.45E 4

Fe H=76 1.2 E 4

1.45E 4

Co H工76 1.2 E 4

1.45E 4

Ni H=76 1.2 E 4

1.45玉: 4

-36-

RE

7. E-3

5.5 E-3

8. E-3

6. E-3

8. E-3

6. 正一3

6.7 E-3

5.0 E-3

5.5 E-3

4.6 E-3

4.0 E-3

4.9 E-3

5.3 E-3

5.0 ≡-3

2.8 E-3

8.5 E-3

6.5 E-3

rE

2.96E-2 3.29E-1

2.31E-2 3.30E-1

1.5 E-2

1.2 E-2

3. E-2

2.1 E-2

1.65ヱー2

2.0 I-2

1.55E-2

2.3 E-2

1.9 E-2

2.3 E-2

1.85E-2

3.0 E-2

2.5 E-2

3.35E-2

2.85E-2



TABLE =Ⅴ･ Experimental Data on RN, RE, and rE Of
4He

Ions on Cu to Ag

See page 24 for Explanation of Tables

Target & Energy

Data Source (eV) RN

Cu H=76 1.2 E 4

1.45王: 4

Cu KO83 4.0 E 3

Cu SC78 5.0 E 3

6.0

7.0

8.0

9.0

1.0

E 3

E 3

E 3

E 3

E 4

2;n H=76 1.2 E 4

1.45E 4

Ga H=76 1.2 E 4

1.45E 4

Ge Hエ76 コ..2 E 4

1.45E 4

Se H=76 1.2 ヱ 4

1.45E 4

Zr H=76 1.2 Et4

1.45冨 4

Nb H=76 1.2 E 4

1.45E 4

Ho EC79 5.0 E 3

1.0 E 4

1.5 E 4

2.0 E 4

Mo H=76 1.2 E 4

1.45E 4

Pd H=76

Ag AN7 6

1.2 E 4

1.45E 4

1.8 E 4

2.3 E 4

2.8 E 4

3.3 王: 4

3.8 E 4

4.3 E 4

4.5 E 4

RE

4.1王ト2

3.5 E-2

9. E-2

7.9 E-2

7.6 E-2

6.1 E-2

5.6 E-2

4.6 E-2

3.9 E-2

rE

4.25E-2

3.55E-2

3.2 E-2

2.8 玉ト2

3.55E-2

3.0 E-2

3.65E-2

3.25E-2

2.65E-2

2.2 モー2

2.85E-2

2.4 E-2

1.02玉-1 4.63E-2 4.54E-1

8.9 E-2 3.43E-2 3.85E-1

7.4 E-2 3.07万一2 4.15E-1

6.0 E-2 2.26E-2 3.76E-1

3.85E-2

3.15E-2

5.0 ≡-2

4.4 E-2

2.9 E-2

2.7 E-2

2..8 E-2

2.0 E-2

1.73E-2

1.84E-2

1.66E-2
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TABLE =Ⅴ･ Experimental Data on RN, RE, and rE. Of
4He

Ions on Ag to Ta

See page 24 for Explanation of でables

r

℡arget &

Data Source

Ag AN76

J′

4.5 E 4

5.0 E 4

5.5 E 4

6.0 E 4

6.5 E 4

7.0 E 4

7.5 E 4

Ag H=76 1.2 E 4

1.45E 4

Ag SC78 4.0 E 3

4.5 E 3

5.0 E

6.0

7.0

8.0

9.0

1.0

E

E

E

E

E

3

3

3

3

3

4

Cd H工76 1.2 玉: 4

1.45E 4

工n Hェ76

Sn H工76

Sb H工76

Te H=76

Ta AN76

1.2 E 4

1.45E 4

1.2

1.45

1.2

1.45

1.2

1.45

E 4

E 4

E 4

E 4

E 4

E 4

3.0 E 4

3.5 E 4

4.0 E 4

4.5 E 4

4.5 E 4

5.0 E 4

5.5 E 4

6.0 E 4

6.5 E 4

7.0 E 4

7.5 E 4

8.0 E 4

RN
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RE

1.53E-2

i.39E-2

1.20E-2

i.09E-2

1.02E-2

9.5 E-3

8.5 E-3

5.9 王ト2

4.9 E-2

1.31E-1

1.25E-1

1.20E-1

1.12E-1

1.02E-1

9.2 E-2

8.5 E-2

7.6 E-2

5.A E-2

4.6 王ト2

4.7 王ト2

4.0 E-2

4.4 E-2

3.9 E-2

4.5 E-2

4.0 E-2

4.4 E-2

3.7 E-2

2.7 E-2

2.5 E-2

2.3 E-2

2.3 E-2

2.2 玉ト2

2.2 E-2

2.1 E-2

2.i E-2

1.98E-2

1.82正一2

1.72E-2

1.60王ト2

rE



TABLE =V･ Experimental Data on RN, RE, and rE Of
4He

Ions on Ta to Pb

See pa9e 24 for Explanation of Tables

Target &

Data Source

Ta

rタ田丸＼

Energy

(eV)

1.2 E 4

1.45E 4

W An81 1.0

1.5

2.0

3.0

3.0

5.0

7.0

7.0

1.0

1.0

1.5

E

E

E

≡

E

E

E

E

E

E

≡

2

2

2

2

2

2

2

2

3

3

3

7.8 E-1

8.2 E-1

7.3 E-1

7.1 E-･1

7.3 E-1

5.2 E-1

4.9 ヱー1

6.7 E-1

5.7 E-1

5.6 E-1

2.5 E-1

RE

5.3 E-2

4.6 E-2

rE

8

W EC79 5.0 E 3 ユ.82E-1 8.87E-2 4.88E-1

1.0 E 4 1.59E-1

1.5 E 4 1.37E-1

2..0 E 4 1.25E-1

W H=76 1.2 E 4

1.45E 4

Pt H=76 1.2 E 4

1.45E 4

7. 23モー2 4.55玉ト1

6.62E-2 4.83エー1

5.25E-2 4.20E-1

5.9 E-2

5.1 E-2

5.9 E-2

5.0 E-2

Au EC79 5.0 E 3 1.40E-i

1.0 E 4 1.35E-1 6.39E-2 4.73E-1

1.6 E 4 1.17E-1 5.27E-2 4.51E-1

Au Eエ76 1.2 E 4

1.45E 4

Au RO83 5.0 E 3

Au SC78 5.0 玉: 3

6.0 E 3

7.0 E 3

8.0 王: 3

9.0 E 3

1.0 E 4

7.5 玉ト2

6.5 E-2

1.4 E-1

1.38E-1

1.36E-ユ

1.26E-1

1. 26f;-1

1.16E-1

1.03E-1

Au VE80 1.0 E 4 1.34エー1

1.6 E 4 1.llE-1 4.6 E-2 4.14E-1

Pb AN76 3.0 E 4

3.5 E 4

3.5 E 4

-39-

3.3 エー2

2.9 E-2

2.7 E-2



TABLE =Ⅴ･ Experimental Data on RNr RE, and rE Of
4He

Ions on Pb

See page 24 for Explanation of Tables

P

Target & Ene羊gY
Data Source (eV) I

Pb AN76 4. 0

4.0

4.5

5.0

5.5

6.0

6.5

E

E

E

E

E

E

E

4

4

4

4

4

4

4

Pb HZ76 1.2 E 4

1.45E 4

RN

-40-

RE

2.7 E-2

3.0 E-2

2.6 E-2

2.4 E-2

2.1 E-2

2.4 E-2

1.8 E-2

8.1 ≡-2

7.0 E-2

rE
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