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ABSTRACT

Presented is an <valuated graphical and tabular co—pilation of
stomic and molecular cross sections cf interest to controllied thermo-
nuclear research. The cross sections are tabulated and graphed as a
function of energy for collision processes involving heavy particles,
electrons, and photons with atoms and ions. Also included are sections
on data for particle penetration through mecroscopic matter, particle
transport properties, particle interactions with surfaces, and pertinent
charged particle nuclear cross sections and reaction rates. In most
cases estizates have been made of the data accuracy.
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FOREWORD

The work described in this report was sponsored by the Energy
Research and Development Administration end is part of a series of
OREL reports on atomic and molecular processes of interest in fusion
energy technology. The reports in this series are: ORKL-3113,
May 1961; ORNL-3113, Revised, August 196k; ORNL-5206, First Volume,
February 1977; and ORNL-5207, Second Volume of ORKL-5206, February 1977.
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INTRODUCTION

This report is an expanded revision of a previous compilation of
atomic and molecular cross sections issued in 196k as ORNL-3113R. One
difficulty encourtered in using the previous edition vas the problem of
obtaining the dsta from graphs covering seversl orders of mgnitude.
This problem has been solved by presenting the data in both tasbuiar and
graphical form. For each set of data, references are given from which
the data were obtained. All dats were plotted and & best-fit to the
data vas made resulting in a single curve. Estimates have been mmd~ of
the accuracy or confidence level of the datas.

The cross section notation used is that in current use. The cross
section oj¢ represents the cross section of an energetic particle of
initial charge state i and final cherge state f. All cross sections
are plotted in terms of ca?/molecule or cm?/stom for a montonic gas.
Particular attention should be given to the explanatory notes found in
each section.

A diligent effort has been made to ensure the accuracy of the
publication process. However, in an effort of this magnitude errors
vill exist. The authors would greatly appreciate the users bringing
these to our attention. An annual up-dating of the data is planned.

xxi
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C.1 Electron Scattering







c.1.h

Total Scattering of Electrons

(Inelastic and Elastic) in Gases

(8, and He)

2'

e +H>e+H

e+ll2*e+l{2

e ¢+ He > ¢ ¢+ He

(QVF

Cross Section

(en?)

] Hy He
1.0E 00 1.31 E-15 5.93 E-~16
2.0 B 00 1.51 B-15 5.93 E-16
3.0E 00 1.58 E-15 5.80 £-16
4.0 B 00 1.0k E-15 1.49 E-15 5.48 £-16
6.0 E 00 8.19 E-16 1.29 B-15 k.87 E-16
8.0 2 00 6.58 E-16 1.09 E-15 4.32 E-16
1.0E 01 5.41 E-16 9.40 E-16 3.92 E-16
1.5E0 7.08 E-16 3.1 E-16
2.0 E 01 5.66 E-16 2.62 E-16
2.5E 01 k.90 E-16 2.27 B-16
3.0E 01 L.40 E-16 2.03 E-16
4.0 E 01 3.70 E-16 1.90 E-16
6.0 E 01 2.65 E-16 1.69 £-16
8.0 E 01 1.84 E-16 1.k2 E-16
1.0 E 02 1.47 E-16 1.19 E-16
2.0 E 02 1.18 E-16 8.27 E-17
3.0 E 02 6.90 E-17 4.78 B-17
Lo E 02 5.00 E-17 3.70 E-17

References:

e + H, Experimental: Best fit to experimental dats as deduced by
L.J. Kieffer, Atomic Data 2, 293 (1971).

e + H2, Experinental:

Phys. Rev. 1h6, 40 (1966).

e 4+ He, Experimental:
A1k (1965).

Accuracy:

e 4+ H -~ not specific.

D.E. Golden, H.W. Bandel, and J.A.

Salerno,

C.E. Normand, Phys. "Rev. 35, 1217 (1930).

e + He - random and systematic errors < + 3%,

Note:

See Note (1) at end of chapter,

D.E. Golden and H.W. Bandel, Phys. Rev. 138,
C.E. Normand, Phys. Rev. 35, 1217 (1930).

e + H; - random and systematic errors < # 3%.
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c.1.6

Zlastic Differential (In Angle)
Scattering of EZlectrons on i

e+dre+

Angle Differential Cross Section
(deg) (cm?/sr)

Impact Energy

3.8 ev 5.7 eV 9.4 ev

3.z 2 1.22 2-16
3.5 201 1.39 2-16 1.08 =-16 9.10 =-15
4.3 £ 2L 1.37 2-106 1.04 E-16 3.30 £-15
5.0 T 01 1.32 2-16 8.60 =-15 5.10 2-15
3.0z 1.30 2-16 7.10 215 5.00 2-15
1.0 223 1.30 2-16 6.00 £-15 L.30 2-15
1.2 202 1.31 =216 5.50 2-15 3.80 2-15
Reference:

= + {  Zxperimental: id.3. Gilbody, R.F. Stebbings, and 4.L. Fite,
Pays. Rev. 121, 794 (1961},

Accuracg:

Systematic error < + 20i.
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c.1.8

£lastic Differential (In Angle) Scattering of Zlectrons in H

2
e + 2-[2 > e+ i{2
Angle Differential Cross Section
(deg) (cm?/sr)
Impact Energy
1.0 eV 30 eV 200 eV
2.0 31 5.80 E-17 7.8% E-17 3.75 2-18
3.0z 0 5.80 2-17 L. 45 2-17 1.25 £-18
L,0E 01 6.00 =-17 2.59 2-17 5.12 2-19
S.0E 01 6.38 =-17 1.56 2-17 2.50 E-19
6.0 £ 01 6.88 £-17 9.88 2-18 1.9 2-19
7.0= 01 1.77 2-17 6.53 £-18 1.00 2-19
8.0 a1 8.97 B-17 L .58 =-18 7.11 2-20
9.0 2 1 1.98 2-16 3.33 £-18 5.20 £-20
1.0 2 32 1.11 E-16 2.63 =-18 3.81 2-20
1.1 202 1.22 £-16 2.22 2-18 2.85 2-20
1.2 2 02 1.31 E-16 2.08 =-18 2.16 £-20
1.3 2 92 1.39 £2-16
142 02 1.45 £-16
1.5 £ 02 1.52 £-16
1.6 2 02 1.62 z-16
1.7 2 02 1.6k £-16
References:

e + (st 1,0 eV): H. Ehrhardt and F. Linder as gquoted by N.F. Lane
and S. Geltman, Phys. Rev. 184, 46 (1969). C. Ramsauer and R. Kollath,
Ann. Physik b, 91 (1929).

e + Ha(at 30 and 200 eV): K.G. Willisms. Abstracts of Papers, 6th

Intl. Conf. on the Physics of Electronic Collisions (MIT Press,
Cambridge, 1969) page T735.

Accuracy:
Random error < + 2%.

Notes:

See ilote (2) at end of chapter.
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£lastic Differential (In Angle) Scattering of Zlectroas in e

e + e + e + e

E__ 3 = o TS IR TSI S 2 T
Angle Differential Cross Section

(deg) iea?/sp)

Impact zZnergy

3.1 V¥ 23> eVl 2J) eV 730 eV
5.0 0 5.ul Z=1T
1.0 £ 22 3.61 =17 1,28 a7
2.0z 21 1.02 =17 1.8 241 3.5) 213
3.0 231 2,24 a1 1.10 =-17 ©.30 2-13 1,31 =13
4.0:01 S.48 -7 3,00 2-18 314 2-18 5,20 2-19
5.3 2 21 2.69 z-17 7.29 -1 1.75 =-18 2,53 =19
5.2 2 031 2.92 2-17 2.0 Zel L.in =18 1.30 Z=13
7.0z 2 3.15 =17 5.08 -1 3,07 =-19 2,80 -2
3.2 2 J: 3.39 =-17 5,30 Z-1! 9.04 =19 5.6 <=3
9.2 201 3.61 2-17 5.10 Z-18 L 35 2-19 L.08 220
1.0 2 22 3.89 =Z-17 5.20 =-18 3.82 z=19 3.92 =29
1.1 32 4,17 2-17 3,07 =-i8 3.28 2-19 .55 2=23
1.2 £ 22 L oLé Ze17 5.36 2-18 2.97 =19 3.32 =22
i.3 2022 4.79 Z-i7 5.82 =-18 2,70 -1 3.30 Z=20
1.5 222 5.21 =-17 2.68 <19 2.56 Sl
1.5 2 22 2.68 =-1
1.9

Referernces:

e + ije, Zxperimental: These 1ata are ali taxen from the review by

L.J. Liefler, Atomic Data 2, 293 (1971). The iniividual sources are: -
at 3.1 eV J.R. Gibscn, X.T. Dolder, J. Phys. 3 2, 119D (1963); at %,
230, and 733 eV A.L. Hughes, .J.i. McMilier, 5.M. Webb, Pays. Rev, 41,
15k (1932); also at 202 eV, L. VYriens, C.Z. Fuyatt, 3.R. Yielezarex,
Phys. Rev. 170, 153 (1968).

Accuracy:
Random error < 4 155 at 3.1 eV. Raadom error < + 3% at all other _nergies,
dotes:

See liste (3) at end of chapter.



9

1.l

r~

ORNL- DWG 75-2294

(48/pw2) NOILDIS SSOND TVIANINIIANQ

: 1 ﬁ I
w w W
- Avm . . w?lﬁﬁll. .
m_ 3 3P
tt B m; Lf‘.%.m /]
“ N ~
! '
; - f t+4441
I
B
]
1 A
IR
WJ;
I 1
it
RN
Hebt e
W
o ,, |
i . 144
s i
Wi R +
Hitby _,,,..,,:._ .
1T L i . |
,v ., t _ , | ; :_»N __
I _;i\u‘ w R A e H L T_
) ~ ) ~ ® 0 N @ " ~ g
@ Q Q =

100 120 140 160 180

80
ANGLE (deg)



C.1.12

Differential (In Angle) Cross Sections for
Inelastic and Ziastic Scattering
of Zlectrons in He at 25 keV Impact Znergy

e + e + e ¢ lHe

Angie Differential Cross Sections
{deg) (cm?/sr)

Zlastic inelastic
2.3 =201 204 2217
3.2 Z232 1.9% =17
1.0 233 1.05 Z-17 1.2 2o1n
2.2 3 ‘ 1.3 2-17 2,83 21
3.0 £ 23 3,060 2-1 7.2k 2-13
5.0z 2 2.90 =-:8 2.70 2-13
5.2 0 1.61 2-19 I.17 2-1°9
5.) 223 9.99 Z-1 5.7% 2-19
7.3 220 3.21 219 3.10 2-19
3.3 232 3.20 =-19 1.895 2219
2.2 23 2.25 z-19 1.18 ==19
i.3 £ 0L 2,90 2219 7.52 2=2C

i

Reference:
e + He, Zxperizmental: H.F. WJellenstein, R.A. 3onham, 2.0, {Ilsh,
Tays. Rev. A 3, 30L {1973},

SUracy:

[
[£)

Systematic error < + 27. Random error < + 23.
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C.1.15

Jotes

According to D.Z. Golden, {. 4, 3andel, and J.A. Salerno, Phys. Rev.
1ko, 40 (1906), the cross section for D, is identical to that for H,.

References cited include data for cther energies between 1.J and
200 eV. Also relative values to 912 eV are given by Webb, Phys.
Rev. L7, 384 (1935).

The review by ~ieffer cited here contains iata for many other energies
betveen 3,1 and T30 eV.
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c.2.2 ;

Collisianal Excitation of H by Electron Impact:

e+ Hn't') + e + i(n,t)

At sufticiently high impact energies the excitation cross section
is given by the Bethe formula:

Qegs, ne 8.806 x 1o°17(cn.!,. at/E)a(D, E)

"' .nt
Here E is the electrom impect energy; cn'l.',nl eand Dn.l..” are constants
depend only on the quantum states involved, This equation is walid

oaly for "optically allowed” transitioms (i.e., t-2' = 1),

Given in the tables on the facing page sre tsbular values of the two
costants for excitation events vhere the principsl quantum number increases
by one or two (i.e., n-n® = 1 or 2) and the angular momentum quantum number
increases by ane (i.e., 2-1' = 1). \hen these constants are inserted in the
above equation vith the energy E in electron wolts, then the cross section
Q is given in wmits of ca’. The cross sections should be quite sccurate st
impact energies above 100 ev for 1s » nt tramsitions and sbove 50 eV for
all other transitions,

These theoretical values are by G. G. McCoyd and S. B. Milford, Phys.

Bev. 230, 206 (1963). Note that the number in parenthesis denotes power of
10,
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c.2.

La}

Collision Excitation of H vy Zlectron Impact e + H(n'L') » e + H(a,t)

for n-n' =1

“n*'lY ,ni

L'/n® i Z 4 b 5 G 7
yo 3.0 1.70{e; 5.4 1.32(3) &.7(3; 3.3:3) 8. .{3)
i 2.7(2) v.9(2) 1.47(3) 2.8(3) 4.6(3) 7.8{3;
o Las(3)  2.2(3) 3.8(3) 0,2(3} 2.5(3)
3 3.3(3) 5.3(3) 3.2(3) 1.22(=)
s 7.5(3) 1.3008)  1.58(s)
> 1.68(8) 2.1(&)
c 2.7(4)
7
3
? c for a-a® = ¢

a'i' 0k
3 a.3 3.3(1) 2.301}) 2,208 ~.3{2. 7.7 1.27{3)
i 3.5(1) LOT)  2.3(2) Lob{z) T.4(2) 1.18(3)
o 2.20(e) 2.3(é) 5.5.e} .22 .2z
3 2,925 c.o{<) 2.13(3) 1,71l
- 5.9(2} 1.29(3)  1.96{3;
5 9.7(%) 2.0(3;
% 1.543)
7
8
)
Dn'l',:;l for n-n' = 1

/a1 2 3 s 5 6 7
3 1.03(-1) 2.7(-1) 5.0(-1) 8.3(-i) 1.1% 1.0 2
1 5.8(-1) T7.8(-1) 1.08 1.b% 1.9 3
2 1.39 1.50 1.77 2 3
3 2.6 2.6 2 4
L b2 5 )
5 5 5
6 1.2(1)
7
8
4 Dn'l.',nl for a-n' = 2
9 1.M(-1) 3(-1) 5.2(~1) 8.1{-1) 1.2 1.8 1.8
1 8(-1) 9.7(~-1) 1.2 2 1.8 1.8
2 2.7 2 3 3 4
3 5.9 L 5 L
5 1.1(1) 8 7
5 2(1) 1.3(1)
6 3M1)
7
8
9



c.2.4

Collisional Ixcitation of Hydrogenic Ioas by Ziectroa Impact:

3eaton (in Atomic and Molecular Processes, Zd. D.R. 3ates, Acaiemiz

Press, i.Y. 1902 3. 339) presents curves showing 1s + .s and ls + 2p excitation
cross secticons as a function of target auclear cnarge for hyidrogenic ions.
R

dere I is nuclear charge, ¢ is cross section in em™, ¥ is incident energy,

o

and A2 is the transition energy for the excitation process.

Zhe results as presentei here are cf jualitative interest only, as
+he basis <heorezical methsi {Born approximation) is inaccurate at <he
elergdy raage Jovered here.

In general one may 2stimate a cross section for excitation of any
ayirogenis ion a% projectile ixmpact energies five or more times <hresacii

-

exergy oy tne folicwing proceiure. Taking tae cross saciion for

w
(L}

axcitaticn of the rejuired state in 5 fron either 57 the wo treceding

D e L4 : - - - .." < - -. -
i1} Increase coross section vaiues 9y a fastor of I (where [ is the
target nucliear crarge.

o

Inoresse energ scal < by a fazizr of 2,

—
o
pre
ot
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c.2.6

Joliisional =Zxcitation of H by Zlectrons:

2+ 4+ e+ a1ds5,2p,n=3,3s,54s)

Znergy Cross Sections for State ni
iev) (C:!lz)

Zxperimental Theoretical Zxperimental

s 2o 3s 45 3almer x
1,023 2.5 E-18 7.9 2-13
10102 31 1.b4w TLl7 2,20 2e17
1.2 221 1.3 2=17  3.38 2-17 1.20 =-18
1.2 291 1.3% 2el7 0 1,00 217 2.75 3-8
low 231 1.6 21T L,31 2-17 4,01 2-18
1.3 201 1.2 £-17 4,95 Z-17 3.0) 2-13
l.e 2021 r,ibho=Zai7 5,33 2417 3.30 z-18
.7 20310 14013 217 9.3 =17 2.7J ==L 1.09 =15 3.30 z=Z-1
1.3 201 1.3 zZ=lT  5.95 2=17 2.4D Z-18 3.7 Z=2-19 3.37 =2-1
1.9 221 1.23 2-iT7 .15 2=17 2.20 z-13 7.8 =-i9 3,35 =2-18
2.2 231 1.3 2=17 0,40 z-i7  2.3% 2-183 7.3 Z-19  3.27 z-18B
3.0 2 21 3.6 Z-1 7.33 =17 l.ol 2-18 5.75 Z-19 3.20 2-18
L. 201 3,01 Z-18  T.30 2-17  1.30 2-18  5.k2 2219 3.30 z-1
5.2 201 7.7 Z-13  T.43 -1 1.37 2-183 5.02 2-19  3.30 :-18
5. 31 T.h> 2-18 7.1 2-i7 1.25 2-18 L .03 Z-19 3.18 =-18
3.5 2 21 4.73 2=183  6.50 .17 1.02 2-183  3.84 Z-1 2,81 2-18
2.3 2022 6.1d 2-13  0.15 Z-17 3.0 =-19 3,24 2-19 2.hs5 1-18
1.2 202 L,9) 2-1Bd 3,05 =17 0.3 £2-19 2.24% zZ-19 1,34 z-18
2.0 202  4,)¢ 2-l8 .23 2217 L7 2-19  1.75 2-19  1.36 Z-18
3.0 232 3.3 =-13 3.3 Z-19 1,22 2-19 1.24 z-18
L,0 % 22 2.3k 2-18
5.0 2 36 L.96 $-18
£.2 202 1,02 Zei3
3,2 202 1,23 z-18
1.2 2903 3.3 2-19

References:

e 4+ i »e + #(2s) Zxp.: W.Z, Kauopila, w.R. Ott, W.L. Fite,
Phys. Rev. A 1, 1099 (1972). 3ee .otes (1), (3), and (L) at end of
chapter,

e +:i~-e+:H(2p) Exp.,: W.L. Fite and R.T. Brackmann, Phys. Rev, 112,
1151 (1994); #4.L, Fite, R.F. 3tebbings and R.T. Brackmann, Pnys. Rev.
116, 356 (1959); R.L. Long, D.M. Case, S.J. Gmith, J. Res. 33, A 712,
521 (19658). Jee Jotes (2), (3), and (L) at end of chapter,

{70 be zontinued at end of chapter.]
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c.2.8

+
Cross Sections for Excitation of H, Dby Electrons:

2

. T TN .
e+ i, (v=d) » e+ i, {(2po ,2pm )
[~ ed RS § u

Energy Theoretical Cross Sections
(ev) (cm?)
Ep:u szu

2.0 z 21 1.90 Z-lo

2.5 Z 32 i.81 2-lc

3. 2 2% 1.87 =-1o 3.87 =2-17
L2z I3 1.2 2-i6 4,28 2-17
6,0 231 8.25 2-17 L.0J 2-17
8.0 2 J1 0.90 Z-1T7 3.09 2-17
1.3 232 5.95 2-17 3.35 z-17
1.5 2 22 4,50 =2-17 2.25 =17
2.0 = 32 3.02 -1 2.39 =17
2.5 2 22 2.93 2-17 2.10 =2=17
3.3 2 22 2,00 2-17 1.80 =17
3.5 2 3 2.28 =-1i7 1.70 2-1
4.0 2 22 2.10 2-17 1.48 221

References:

+
e+ Hy (v=0) e + i, (2pc ), Theoretical: 3.F. Rozsayai, J. Chem. Phys.
47, b102 (1967). See .iote"(5) at end of chapter.

e+ ﬁz+(v=0) > e+ :-i;'(aprru), Theoreticai: 3.F. Rozsnyai, J. Chem. Phys.
47, 4132 (1967). 3ee lote (o) at end of chapter.
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c.2.1C

Cross Sections for Dissociation of H2 into

Sxciteil Fragments by Zlectron iapact:

e+ i +e +i+ dlp,n=3 n=i)

-

znergy Zxperimental Cross Sections
(ev) {cm?)
i(2p) ala=3) d{n=l}
Lyman Alpha 3aimer Alpha 3almer 3eta
Zmission (1216 21 imission (6563 ﬂ) Zmission (W31 R)
2e.d 2 1 3.5 =19
1.5 2 2% 2.3 2-13 6,00 Z=19
2.2z 01 .. =-18 0.7) 2=19
2.5 2 31 1.3 z=17 0.7) =19
.02 21 1.17 =17 3.72 Z-19
+.3 2 21 1.28 zZ-17 2.23 2=19
2.3 £ Ji 1.32 ==i7 9.0J =19 1.88 £-19
3.3 2 ) 1,30 Z=17 9.33 =Z-19 1.82 2-19
1.3 2 32 1.22 =17 8.8% 2-19 1.73 =19
1.3 2 2 2.3 2-17 7.20 2=19 1.33 =-1
2.9 2 22 3.30 £ 13 0,00 =19 1.12 2-19
+.) 2 32 5.93 =18 3.50 =19 6.10 =20
2.2 2 3.03 Z=13 2.48 2-19 L.10 220
3.2 R 2.9) 2-18 1.3 =2=1 3.10 =2=20
.32 22 c s Z=l3 1.36 =19 2.50 Z2=20
2.0z 13 1,42 =18 8,50 z=29 1.25 220
4,0 2 33 8.3 Z-19 4,05 2020 6.5 ZzZ-2l
5.3 2 33 5,64 2=19 3.35 z=23 4,5 221
Refer=nces:
e +H, e + i+ :i{2p, Lyman alpha), Zxp.: J.4. YcConkey and F.5. Donalson,

Can, J, Pays. 50, 221 (1972).

e +H; »e + i+ i(n=3, Balmer alpha), Zxp.: D.A. Vroom and F.J. de Heer,

J. Chem, Pays. 50, 530 (1963).

e +iH; »e +H+ H(n=lk, 3almer beta): D.A. Vroom and F.J. de Heer, J.

Chem. Phys. 50, 580 (1959) [.lote that this reference includes data
through n = gT.

Accuracy:
2p state - systematic error < # 107; random error < + 2%,
n = 3 - systematic error < + 123; random error < % L%,

n =L~ zystematic error < 4 T4; random error < # LZ,
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c.2.12

Cross Sections for Dissociation of D
a0 Zxcited Fragments by Zlectrons:

e * D, +e +De Dis,2p,a=d,ank)

Zaergy Experimentsl Cross Sections
(eV) {c=?)

D{2s) D(2p) D(n-3) D(u-b)
Forsation Lyman Alphs
Emission(1216 %) Mﬁu .;-_i&o.-_sw.gll

1.2 0 9.0 £=21

1.5 2 J 2.41 Z-19 2.00 2-19

2.0 A 2.7) 2-18 .20 2-19

2.5 2 3.0 2-18 5.50 z-19

3.0 3% 3.13 =-18 5.82 z-10

4.0 2 31 3.42 2-18 T.11 2=13

5.0 23 3.4 =-18 9.60 2-18 T.90 =19 1.51 3-i9
3.02 3 3.52 2218 .00 Z~18 7.90 =19 1.58 2219
1.2 2 3.24 £-18 8.30 =13 7T.52 2-19 1.5 2-19
1.5 2 22 2.35 2-1i8 6.90 .18 6.47 2-19 1.18 2-19
2.0 R 2.52 £-18 5.80 £-~18 5.40 =13 .60 =20
4.9 2 1.73 =-18 3.57 £~18 3.03 =-19 5.16 2-20
5.0 2 22 2.55 £-18 2.10 £-19 3.37 =23
3.0= 32 2.00 £-18 1.55 2-19 2.48 220
1.0° 73 1.67 £-18 1.25 =-19 1.95 2=
1.5 03 1.19 =-18 8.52 =20 1.29 222
2.02 33 .20 =-19 6.55 =20 2.80 Z-21
.02 233 5.20 E=19 3.30 £-20 5.13 221
6.0 £ 03 3.7k Z1 2.k2 z-232 3.49 =21
References:

e+D>e+ D+ D(2s) Zxp.: D.M. Cox and 3.J. Smith, Phys. Rev. A 3,
2k23 (1972).

e+D; e+ D+ D(2p, Lyman Alpha) Exp.: D.A. Vroom snd F.J. de Heer,
J. Chem. Pnys. 50, 580 (1969) [these data have been normslized)

e+ D3+ e+ D+ D(ns3, Balmer Alpha): D.A. /room and P.J. de Heer,
J. Chea. Phys. 50, 580 (1969).

@ + D3 e+ D+ Dinsk 3glmer Beta): D.A. Vroom snd F.J. de Heer,
J. Chem. Pnys. 50, 580 (1969) [note that this reference includes data
through ns6},

Accuracy: :

2s state - systematic erron < + 14%; random error < + 55. 2p state -
systematic error < ¢+ 153; rar.dom error < + 5s. n=3 - systematic error <
4 12%; random error "< + loi n®6 - systematic error < + 7%; random
error < + L%,
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C.2.1%

Jrcss Sections for Excitatior of iH, by Electroas:

= ¢ i; » e + 3(1230 R,3,C,D)

Inergy Crass Sections
(e?) {=a?)

Z=issiom o7 12X L
aerner Sand 3 3:ate - 2tats J JLate

SeX 3,7}

.3 23 5.13 =Z=19

U R .92 Z=13 3,30 =17 2.3) 2-17 3,59 2219
3.3 2 2L L.e2 2=l3 5,20 Zai7 3.23 2-17 2,31 Z=:13
- 5 2L l.9e Z=l3 4,73 2217 3.03 2-17 J.nl S-i3
3.3 2 J. 1.3 Z=13 <75 2=l7 3.ul =17 2.3 214
o) 2Ol 1.5 ==13 4,535 Z=17 3.%3 Z=17 2.9 =119
3,0 £ 34 o3 Zel? +,12 Z=17 3.13 Z=17 Z.)% Zeld
1.3 3 32 1.3w 2-13 3.73 Z=iT 2.5 =17 2,37 =-17
1.5 2032 1.i3 =2-18 3.2 =-i7 2.35 Z=i7 2.5+ Z=12
c.5 = 3 1,01 2-12 2.51 =17 2.31 Z=1T 2.35> Z-18
3.3z 2 7.97 2=13 2.0C Z-17 i.23 =-i7 1.3 =12
9.3 2 32 5.07 Z=19

.22 M 3,42 =19

= c T & - 8 o 2 2 BN g N A & o 2 frd

Beferences:

e + H, > e+ H,;(1230 R Werner Band) Exp.: F.J. de Heer and J.D. Carriere,
J. Chem. Phys. 55, 3829 (1971).[This reference also includes data for

the 1161 R Werner Band. Furthe- information on relative intensities in
these bands are to be found in E.J. Stone and E.C. Zipf, J. Chem. FPhys.
36, 4646 (1972)].

e ¢ i » e+ H;(3,C) Theoretical: 5.P. Khare, Pays. Rev. 149, 33 (i19%0).
e ¢+ ii; + e + H;(D) Theoretical: J3.P. Xhare, Phys. Rev. 152, 7h (1966),

Accuracy:

Zxperinental data - systematic error - not stated; random error < ¥ 5%,
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c.2.1€

Svro3s Jestions JTor Visrational Zxoitation of X 9y Zlestrons:

2@ 2. y=x) e e v=l 3]

B EB-ITE EES eeEs T LT =
lnerdy Zxperizeztal Jross Sections
(e?) {=%)

R < -
val rs2 =3
-— —_ —

- oo v PR B

Ao = »2 -.)J o4

- . <~ ~ N - e v P -2 - ~ - .

Led o 33 1.9 2=l 2.2 Z=lD Lela Z=miP

s - s s R Ty oA ca s

e = +J S ed0 L= Jel~ =T 3.)3 S

- - - - - — . M - -2 . EY

~.3 3 ~.C3 Z-lT ~.Jis Z-23 <,.35 Z-.4

T PR - . ea Ze o s

Tew = 4 2.2 ..’L? 3-9. el 3.0 S 4

- R . - - . -y . N PR 3 4 - .

S, 2 35 2.35 -1 i.32 Z=12 2.3y Z-12

- Iy U 4 i £

Ced = owd wls L=ma Av i e

« s s P O - o2

bed & da CeQw L=~iT Tedd Z=mL

- - T D= --;--;9

e g = S - i = ) -~ - —_

- N~ - - - ~ . ~

Lo & wa bhesw Le.l = Lme

e o da rral 2mad e el s

- - - - - - - . .- -

CTew & v z. P

.22 5% 8.0 Z-l

- - - - - = - - - . -~

PR S Tead =P

i
H

Refsrences:

e+ 3 » o ¢ Z{v=l) Zxp.: 3. Trajmar, D.3. Jraasar, J.Z. Rire,
A. Kuppermann, J. Taem. Pays. 32, 4510 (197)). i. Znrhardt, L. Langaans,

. Liznder, i.3. Tayior, Pays. Rev. 173, 222 {i903;.

e+ i *e # Hyv=2) Zxp.: 3. Trajeer, D.Z. Trunlar, J.X. Rice,

A. {uppermsnn, J. Caem. Phys. 32, +510 (1973). H. Zarhardt, L. Langhans,
F. Linder, i.3. Tayior, Pays. Rev. 173, 222 {1968).

e+ iy + =+ H5iv=3) Zxp.: 3. Trajmar, D.G. Truhlar, J.X. Rice,

A. Luppermann, J. Cnem. Pays. 52, b5i6 (1970). i. Znrhardt, L. Langhans,
?. Linder, i.3. Tay.or, Pays. Rev. 173, 222 (1963).

{To be continued at end of chapter.]

Accuracy: Total error limits (principelly systematic).

vsl-<+ L5

ve2-<*558,

v=3-<4+658.


http://-J.il

CROSS SECTION (cmd)

ORNL - 08G 73-222%

b~ -

b — — -

b -

b e —e e -

PRS-

- ——

- —

— e St
- > e e

- -

P S

- - o W e gt
:
i
3
H
- -
e e e —

e M_.—-M—-—?

T e e e |

ot i B sl )

. : N L e
—— S
. i it o - - b
-+ & g 4 - +
— - ~ i i - -
- : ; : : ¢ : :
e ¥ S . )’. T T 'Y re .
P e ' - : : '
e i . i Y . o
— - $
S S i 1
5 . é i — — e
et 4 \ 4 —4t
' I ; i M | ! :
; i f
L i A ded Fy

10!
ENERGY (ev)




c.0.18

Cross Sections for Excitation of Helium by Electroms:

2 ¢ e e o ﬁe{als ,3‘?,:.‘3,2.3_;,33?}

BB AT ATEE 78 ¢T MIgs ¥

ey Zxperineazel Cross Sertions

(CVF (ca®)
£33 % 1.16 31 +.23 Z=19 .03 Z=23 .15 z=1
3.3 A 1.0} 213 3.93 2-19 1.13 ==L Q.90 Z=i)
3.5 %N 1.3 Z-i9 1.32 =18 1.32 2=19 2.35 Z=19
.32 2 1.79 2=19 1.97 2-13 1.33 2-19 J.01 E=i9 5.17 Z-13
5.2 21 1.33 =19 £.23 Z=18 1.39 2-19 1.83 =12 $.3) Z=id
2.2 2 ) lodv =19 < .03 S-.8 1.3. 2-i9 T.39 Za20 ST Zeld
T.3 2 % 1.35 Z=19 2,35 Z=18 1.8 Zai? 235 zZeo 2. Held
3Dz al 1.2% Z=1 2.9% =13 1.9 2= 3.5 Zad5 148 Zaja
i.2 2 1.12 2=17 2,99 Z=.8 P.33 Z=2) .9 Z-2) 3,03 2
1.5 % 32 9.5 2= 2.75 2-23 0.13 =22 3.8 2=2% 3,91 202
2.) 2 3.1) 2222 Sk Zall .43 200 5.7) 2= LohP Zal)
5.2 3 5,79 Ja2 1.7 =-18 1.95 ==22 1,13 Z=¢i 2oe) el
5.3z 32 3,38 2223 .27 =-18 1.°0 Z=) .1h Zed2 1,35 Zelt
3.0 £ xR 2.53 2=23 1.23 2-i8 9.93 -1 2.8) T 3.7) Zada
1.3 2 233 2.33 223 3,73 2=19 7.8) =21 279 a2l $.03 2e0
132 33 1.4 2222 5,93 Z=19 2,95 =21 Lol el
2.3 2 33 1.13 2=23 5.%0 2=19 3.7y 2=l
3.2 2 23 T.%3 =21 .15 215 2.5 2=21
4.2 33 5.60 £=21 3,43 =19 1.81 Z-21
5.2 £ 33 4,53 2=21 3.0% £-19 1.%8 2221
6.J £ 33 3.73 =<1 2,50 =19 1.17 221

PSR ES TR TS U TEBR AT S I

Relarences:

A.F.J. Van Rean, J.D. de Jongh, J. Van Eck, and H.5. leideman, Physiza 53,
45 (1971). H.4. Moustafa Moussa, F.J. de Heer, and J. Schutten, Paysica L),
51T (1969). [These data normalized %o Yan Raan at 2979 eV and used only

sbove thai energy fer the »'s. 3‘?. and U3D states.] For information on
other states see these two referenczes,

Accuracy:

Sy3%ematic error < # 105. Random error < ¢ T2,

B O P
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C.2.20

Cross 3ections for Zmission cof Hde II 3pectral Lines

Induced by zlectron Impact on ie:

. R
e+ e »+ e + e + e

&
;-[Q’ > He+ + hv

Znergy Experimental Zmission Cross Sections
(ev) (cm?)
(3+2) (h+2) (22p+12s) (b+3)

{60 R) az (%) (k86 R)
8.2 3 2.98 2-20 1.36 2-19
1.0 £ 22 5.18 2-20 2.21 £-20 2.33 E-19 3.15 =21
1.5 2 2 7.75 2-20 2.85 =20 3.55 E-19 .78 =21
2.0 2 8.00 =-20 2.73 2-20 3.75 £-19 L.85 =21
3.0 2 22 5.90 220 2.27 2-20 3.05 E-i9 L.20 z2-21
L.0 2 2 5,80 320 1.85 =-20 2.48 2-19 3.55 E-21
6.0 £ 02 4,30 2-20 1.34 2-20 1.82 2-19 2.60 =21
8,0 2 02 3.38 z-26 1,03 2-20 1.43 2-19 2.05 =21
1.9 233 2.78 2-20 8.40 2-21 1.18 2-19 1.68 2-21
1.5 2 J3 1,87 £-20 5.50 £-21 7.98 £-20 1.1k z-21
2.9 £ 33 1.38 E-20 4,00 z-21 5.95 E-20 8.70 E-22
2,0 203 3.75 2-20 5.80 2-22
Reference:

H.R. Moustafs Mousss and F.J. de Heer, Physica 36, 646 (1967).

Accuracy:

Systematic error < + 30a.

Random error < + 5.
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C.2.22

Collisional =Zxcitation of iie’ by Electron Impact:

eviie vee ':ie’(2s,3s,hs)

02
Q2
o 4
33

Enerxy Cross Sections
(eV) (cm®)
Exgerimentll Theoretical

Lo g1 2.60 2-19
L.2 201 0.35 £-19
LW E QL 6,45 =-19
L.6 £ 01 6.50 2=1
.8 201 6.52 2-19
5.0 E Q1 6.50 £-19 1.15 2-19 3.60 =29
5.5 £ 01 6.40 £-19 1.32 2-19 L.29 =20
6.0 £ 01 6.15 £-19 1.42 2-19 L,70 E-20
8.0 £ 01 5.18 £-19 1.59 =19 5.66 =20
1.0 2 32 L.65 =-19 1.57 E-19 5.70 E-<20
2.0 £ 02 31.55 2-19 1.0k E-19 3.83 22
LOE 2.66
6.0 £ 2.0
8.0 £ 1.4
1.0 2 1.2

. L]
& OV
I ON O N J
0
-
o

References:

e +ile’ » e+ He(2s) Exp.: K.T. Dolder, B. Peart, J. Phys. 3 5, 215
(1973). 35ee Jotes (1) and (3) at end of chapter.

e+ile »e+ He’(3s,hs) Theoretical: M.R.C. McDowell, L.A, Morgan,
V.P. Myerscough, J. Phys. B 6, 1435 (1973).

Accuracy:

Random error < # 10%.
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c.2.2s

Zxcitation of Carbon bty Zlectrons:

e+ C(ap2 3p) v e+ C(sz lD.zpa ]'5)

Znergy Theoretical Cross Sections
(eV) (cm?)
21
2p- 1v 2 21,
1.0 2 3
2.0 £ 0 1.70 2-16
3.0 0 1.75 £-16 8.00 -8
.o 2 N 1.k6 2-16 1.58 2-17
6.0 Z N 1.00 2-1¢6 1.k2 2-17
8.0 2 20 8.40 =-17 1.18 2-17
1,02 01 7.2 2-17 1.00 =-17
2.0 231 3.33 2-17 k.90 2-13
3.0 291 1.70 2-17 2.55 =-18
Lozl 9.20 =-18 1.25 =-18
6.0 2931 2.75 =-18 3.39 Z-19
8.0 201 1.16 2-18 1.43 2-19
1.0 20" 6.00 2-19 7.32 £-20
2.0 £ Q2 7.40 2-20 9.15 2-21
k.0 £ 22 9.29 =-21 1.1k 2-21
6.0 £ J2 2.75 £-21 3.39 £-22
8.0 £ J2 1.16 2-21 1.43 2-22
1,0 £ 03 5.95 2-22 7.33 2-23
References:

2 2
e+ C+e+c(2p° Ip, 2p° 13) Theoretical: R.J.W. Henry, P.G. Burke,
and A.L. Sinfailam, Phys. Rev. 178, 218 (1969).

Accuracy:

See iote (7) at end of chapter.

. i M+ o
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c.2.26

gxcitation of Carbon lons by Zlectrons:

*. 2. .
e ¢+ T (Jp 7] = 3ee Reference 3elow

\J ] >, ’
e s N {2s° “5) e e N2p O
e+ 28 %5) v e 3 (2p %)
4e 3

e s M 1s® 13) e e v s %)

e ¢ c” + See Reference Below

Znergy Theoretical Cross Sections
(ev) (cm?)

*(2p 3p) c*(2p %) ** (25 33)
1.0 391 8.30 =-18 8.50 =-1T7
1.5 £ 01 4.6 2-18 3.99 2-i6
2.0 21 3.1 =-138 5.00 £-16
3.0 231 5.26 E-16
L.o 221 4,90 2-16
6.0 201 4.19 =2-16
3.0z L.55 z-l6
1.0 2 % 3.01 2-16
1.5 2 22 2.20 =-16
2.0 2 J2 1.76 £-16
L,0 £ Q2 1.51 2-17
0, £ 22 6.28 £-18
8.2 2 2.90 =-i8
1.0 £ 03 1.6L £-18
1.5 £ 03 5.42 =19
2.0 233 2.30 Z-19
3.2 2 23 0.93 =23
L.0 £ 03 3.00 =29
6.0 £ 03 9.10 Z=21
8.0 = 33 3.87 Ze21
1,0 £ 0b 1.98 =21
References:

e+ C’: There is no cronss section information but some theoretical
collision strengths are given by D.R. Flower and J.M. Launay, J. Phys.

3 5, 2207 (1972).

(Continued at end of chapter.]
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c.2.28

Zxcitation of 0 by Zlectrons:

X,
e+ 0(2pb 3?) e+ O(Zp* 1D, 2ph 1S. and 134 R =mission)
ener Cross tions
(ch7 (::¥3
Theoretical txperimental
|
3Ph 1y 2p’ 3 130k & Emission
[3s 75 + op* 'p}
2.3 2 A
3.0 2 % 1.57 =2-17
LOzZ N 2.55 2-17
5.9 2 N 2.8 =-i7 1.30 2-13
6.0 Z X 2.80 2-17 1.50 2-13
3.6 2 X 2.75 2-17 2.20 =-18
1.2 2931 2.33 2-17 2.42 2218 5.8 =-18
1.9 2 01 1.85 =-17 2.08 =-18 L.30 =-17
2.0 2 Q01 1.50 2-17 1.87 =-18 5.23 2-1i7
3.0201 1.10 2=17 1.44 =-18 L.75 =17
LO E QL 7.590 2-18 1.10 =-18 b,21 =2-17
6.9 2 01 3.50 £-18 5.40 Z2-19 3.4 2217
8.0 2901 1.63 =-18 2.15 E-19 3.00 2-17
1.0 2 07 T7.50 £-19 1.00 2-19 2.70 =2=17
1.5 2 32 2.25 £-19 2.75 2=20 2.28 2-17
2.0 £ Q2 9.70 2-20 1.12 2=-23
3.0 £ 02 2.7T =2=20 3.33 =21
L, Z Q2 1.17 =2-20 1.40 =21
6.0 = 0¢ 3.47 =20 4 16 =-22
8.0 & 22 1.6 =21 1.75 222
1.0 2 03 T7.50 2-22 9.00 =23
References:

e+0+e+ O(th 1sp 1D) Theoretical: R.J.W. Henry, P.G. Burke, and
A.L. 3infailam, Pnys. Rev, 178, 218 (1969).

e+ re O(th 1sp 13) Theoretical: R.J.W. idenry, P.G. Burke, and
A.u. 3infasilam, Pnys. Rev, 178, 218 (1963).

e+ 0 ~+e +0(1304 & emission) Exp.: EZ.C. Zipf - as quoted by T. 3awada
d P.5. Garas, Phys. Rev. A 7, 617 (1973).
Jotes:

See otes (7) (accuracy of tneory), (8) (accuracy of experiment, and
(7} (additional theoretical data).
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c.2.3v

sxcitation of Oxygen [ons by zZlectrons:

. _ 3 Lo + 4
e+ (2p” 3)ve ] (2

J
e+ O" 3ee Reference 3elow
5 2
e +0%%(2s 35) + e+ 07" (2p 2p)
e ¢+ Oo’ See Reference 32low

T

e+ 0 ¥ See Reference 3Below

Znergy Thecretical Cross Sections
(ev) (cm?)

0*(2p" “p) 2t (2p %p)
1.30 £ 3L 4,31 =17
.52 2 21 9,90 2-17
1.79 = 3.90 217 1.21 z=16
2.30 £ 31 L 49 z-17 1.05 =2-1¢6
2.25 2 21 b 8L Z-1 2,00 £-16
2.50 2 3L 5.36 =-17 2.3) =-16
2.75 23 5.30 2-17 2.52 =-16
3.00 £ 21 5,41 Z-17 2.65 =-16
3.25 £ d1 5.45 =17 2.7% =-16
3.30 2 01 5.43 zZ-L1t 2.80 =-16
4,00 2 01 2.83 z-16
6.00 2 01 2.63 =-16
8.00 E 01 2.3k £-16
1.00 E 02 2.10 E-16
1.50 £ 02 1.75 2-16
2.00 £ 02 1.55 =-16
2.50 E 02 1.41 2-16
References:

L
e+ 0 2o O’(th P) Theoretical: 3. Ormonde, K. Smith, B8.W. Torres,

A.R. Davis, Pays. Rev. A 8, 262 (1973).

= » 02’: Data on excitation of a 2s electron ig provided by

4.2, Poshyuanaute, A.Y. Lyasn, A.3. Bolokin, Optics and Specy. 29,

".12. Iafortunately this paper is not specific as to the precise final

nhate,
et e U)+f?p “?) Thmoretizal: K.C. Mathur, A.Jd., Tripathi,
L7, Jmani, inhi. . Iass Spectro, Ion Pays, 7, 167 (1971). {This

ceFapnre qice eantALnG lata for nther levels, )

Tantaneel o pnd of ~hapher. |
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Zxcitation of ), dy Zlectirons:

1

e+ . +e+ Q. {27d)
2 2t ' 4

. L.
2 +) +e+J_ (b L }ee
2 2 g

e+ -:)2 +e + O£+k5632 R Saad Zmission) + e

Znergy Zxperimental Cross Sections
(eV) (em?)
1 + hem

a.(a *a)) 3 5632 R Band

2 [ 2(b }:8) Zmission
2.0 231 2.0 Z-13 3.20 =-18 .70 2=19
3.0 0 3.61 =18 §.51 Z-18 1.h6 Z<i8
4.0 2 01 3.90 =-13 1.41 =17 2.57 =18
5.0 2 01 3.41 2= 1.99 =-17 3.32 Z-i8
6.0 2 21 2.72 21 2.30 =17 3.75 2-18
8.0 £ 21 2.98 z-17 L.19 z-18
1.2 202 3.18 2-17 k.33 2-13
o3 202 2.82 2-1i7 4,29 2-13
2.0 £ 32 2.53 2-17 3.90 =-~i8
3.0 2 02 2.11 2-17 3.22 218
4,0 2 22 1.82 2-17 2.80 £-13
5.0 2 32 1.62 Z-1T7 2,48 2-18
6.0 2 32 14T 2-17 2,22 £-18
8.0 2 32 1.21 2-17 1.85 z-18
1.0 £ 03 1.04 2-17 1.59 £-18
1.5 £ 03 7.99 E~-18
2.0 £ 03 6.50 2-18
3.0 £ 33 L.86 £-18
L0 E 03 3.96 2-18
5.0 £ 03 3.22 £-18

References:

e+ 0 e + 0g(a lb ) Exp.: A. Konishi, K. Wakiya, M. Yamamoto,
H. Suzuki, J. Phys. Joc. Japan 29, 326 (1970).

L4 -
e+ 0; +e+0x(b "I7) +e,Exp.: J.W. McConkey and J.M. Woolsey. J
Pays. 3 2, 529 (1969]). &
e +0; +e+ 0} (5632 & bank emission ) + e, Exp.: W. L. Borst and E. C
tipf, Phys, fev. A 1, 1470 (1970). ’ .

Accuracy:
0z(a 147) - total error « ¢ 508. 0,*(b “IZ) - random error < ¢ S§;

systematic error < 225%. 0,*(5632 K band] - random error < % 10%;
systematic error < t 10§.

e e kb B e e e
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Cc.2.3h

bl 4 I B s

Dissociation of 02 into Zxcited Fragrments by zlectrons:

e+ 0,2 +0+0 57)

- +0,*e+0+ 0(1300 § Multiplet, 3s2 30 ., 2p" 3?)

Znergy Sxperimental Cross Sections
(ev) (cm?)
2(’s°) 1300 X

Zmission
1.5 2 31 7.05 =-19
2,02 21 2.53 =-1i8 1.42 2-18
3.0z 01 L.5T 2-18 2.37 2-18 ;
5,02 0 0.59 =-18 2.95 =-18 :
5.0 201 8.3 2-18 3.34 2-18
6.2 231 9.89 =-18 3.60 2-18
8.0 01 1.12 E-17 3.80 =-1
1.0 £ 3 1.17 =-17 3.7h =-18
1.5 £ 22 1.12 2-17 3.18 =-18
2.0z 1.02 =-17 2.68 =-18
3.0 2 Q2 8.00 2-18 2.09 =-18
References:

e+ 03 »e +0+0(°5°) Zxp.: @.C. Wells, W4.L. Borst, and £.C. Zipf,
Cnem. Phys. Letts. 12, 238 (1971).

e+ 02 +e+0+ 0(1300 %) Exp.: N.J. Mumma and E.C. Zipf, J. Chenm.
Phys. 55, 1661 (1971).

Accuracy: !
0(’5°) - Systematic error < + SO&%. Random error < + 5.

1300 ] Emission - Systematic error < + 17%. Rendom error < + 10%.
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c.2.36

[

xcization of ieon by =Ziectroms.
Jelected Zxcitation and Zmission Cross Sections:
. . 2 g ..
e+ de +e+ e [°P, 5852 X Emission]
&
- - ’ -
2+ .2+ e+ de [3378 R Emission] + e

e+ e ve s e’ (2677 & Emission] + 2e

Znergy Zxperimental Cross Secticns
{eV) (em?)
5 5852 R 3373 R 2677 R
Pl State znission Zmission Zmissiorn

(?ry+!3;) (3p%Ry>3sPp  (3p’P+3s'5%)

2.2321 3.50 2-19 3.10 2-19

2.8 0 1.53 =13 1.62 £-13

3.0 201 1.7 =2-18 1.78 =-18

2.0 301 2.3 =-23 2.20 S-1

5.0 2 2 2.19 =-.38 2.31 2-18

c.) £ J1 2.10 2-.8 2.23 -1 2.3) 2=-20

3.0 2 2 1.9 2-13 1.9% 2-18 4,9 2-20

1.0 202 1.50 =Z-18 1.79 2-1 ©.29 =2-20

1.k 222 1.20 2-18 1.34 =18 7.20 2=20 3.50 z=21
1.6 2 1.08 -8 1.21 =-i8 T.15 2=22 1.36 2-20
2.0 2 9? 8.90 2-1 1.0 2-18 5.78 =-20 2.13 2-23
2.5 222 6.09 =23 2.7h =22
3.0 2 22 5.53 =22 2,83 z-_
R IR ¥ 2.79 =23
5.9 & 02 2.6L =220
References:

e + e » e + Je(°P;) Zxp.: F.A. Sharpton, R.M. 5t. John, C.C. Lin,
F.Z. Fajen, Phys. Rev. A 2, 1305 (1970),

e + e » e + Ne(5852 R Zmission) Exp.: F.A. Sharpton et al. (see above).

o ¥ .
e+ e e+ de (3378 R Zmission) Exp.: K.G. Walker and R.M. 3t. John,
Pnys. Rev. A 6, 240 (1972).

e+ e »e e {2577 R Zmission) Exp.: Yu.M. Smirnov and Yu. D. Sharonov,
Nptics and Specty. 32, 333 (1972).

Accuracx:

#6577 R Line - no aceuracy limits specified. All others - systematic
error < ¢ 10%; random error < + 5%.

dnotes
AR

see lotes (10), (11), and (12) at end of chapter. ‘
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c.2.38

Zxcitation of deon Ions by Electroans:

5

e + Je * See References Below

e+ ue"’ See References Below

e+ Nel'l25) + ¢ + de'*(2p)
e+ ka' See References Below
e Ie9’ See References Below
Energy Theoretical Cross Section
(ev) (cam?)
el (2p)

LEY
A

ll
-
NN

2-16

=16
E=16
£-16
E-1T
E-1T7

°* e
«
J]

WRNHE®OWFWRN
OVOVOOOOOOWOD
[ B S N VR VR O O I S VI T
)
—
O b b b b o e
L T I ]
= AWV N &
CBERLPIBALRE
Y

References:
e+ Nes': There are no cross section data for this ion, but there are
theoretical calculations of collision strengths given by D.E. Osterboch,
J. Phys, B 3, 149 (1970).

e+ Ke&: There are nc cross section data but experimental rate coefficients
are given by: H.J. Kunze, Phys. Rev. A 4, 111 (1971); G. Rondellc and R.W.P.
McWnhirter, J. Phys. B. b, 715 (1971).

e+ 28e7'(23) > e+ xe7’(2p) Theoretical: K.C. Mathur, A.N. Tripathi, ana
S.K, Joshi, Intl. J. Mass Spectrom. Ion Phys. 7, 167 (1971). (See also
W.D. Johnston and H.J. Kunze, Phys. Rev. A l_‘., 962 (1971) for experimental
rate coefficients. Also O. Bely, Proc. Phys. Soc. 88, 587 (1966) for a
prescription whereby these cross sections may be calculated.)

[Continued at end of chapter.]
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c.2.ho

sxcitation ¢f Argon by Ziectroas:
e ¢ Ar > e ¢ ar(ls, ¢ s, 1067 £ Emission, 7503 { Emission)

eoAroefAr'(bTGSREhission)0e

Znergy Zxperimental Cross Sections
(ev) (ca?)
152 & ls 1067 & 1503 w765 X
States Saission Smission =mission
(Sum of Two States) (lss+lps) (2p;*lsz) (hp’ji*hs'?t)
1.5 201 2.3 £-17 9.20 z-18 9.38 =18
2030 3.67 Z-i7 1.68 z-17 5.62 2-18
2.5z .22 2-17 2.09 £-iT 7.38 =-18
3.0z01 L.obkb 2217 2.17 2-1i7 6.95 =-18
4.3 01 L L) 2-17 1.4L =-17 6.88 =-13 1.79 =19
5.0 201 b,21 3-17 1.23 2-17 7.22 2-18 4.% 2-i9
6.0 £ 01 .00 E-1T7 1.11 2-17 7.22 =-18 L. .87 =-19
8.9z01 3.61 =-17 9.99 £-18 6.82 £-18 5.06 2219
1.0 £ 02 3.27 2-1 9.0k 2-18 6.30 £-18 5.03 =-i9
1.5 202 2.65 £-17 7.39 2-18 5.30 =-18 3.88 z-i9
2.0 £ 02 2.2k 2-17 6.20 £-18 L.60 £-18 2.28 2-19
2.5 £ 02 1.93 E-17 5.35 z-18
3.0 £ 02 1.71 2-1T7 k.72 £-18
k.0 E 02 1.40 E-17 3.36 z-18
5.0 £ 02 1.19 E-17 3.28 g-18
6.0 £ 02 1.03 2-17 2.86 £-18
8.0 £ 02 8.46 £-18 2.30 2-18
1.0 £ 03 7.10 2-18 1.92 £-18
References:

e+ Ar e + Ar(lsy + ls, states together) Exp.: J.W. McConkey and
F.G. Donaldson, Can. J. Phys. 51, 867 (1973).

e +Ar + e + Ar(1067 £ emission) Exp.: J.W. McConkey and F.G. Donaldson,
Can. J. Phys. 51, 867 (1973).

e +Ar + e + Ar(7503 R emission) Exp.: J.K. Ballou, C.C. Lin, and
F.E. Fajen, Phys. Rev. A 8, 1797 (1973).

e +Ar e + Ar (4765 R emission) Exp.: I.D. Latimer and R.M. St. John,
Phys. Rev. A 1, 1612 (1970).

Accuracy:
Systematic error < # 10%. Random error < + 5%,
Jotes:

See dotes (10) and (12) at end of chapter,
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c.2.42

N : s - e e 2T -
SXJ2TRTL00 20 AXgOnl L0nS B .oeivonse

e+ Art o+ ¢ ArT (4655 2 and 5880 X Emissions)

Te . .
2 ¥ AT +» Joa Referenle Jel0W
iTe . o
e * Ar + S2e Raferencs el 0w
. _ x — & ETX IR . BT LEETIZTI I I T TFFiZTEx=xx==2
Znergy Zxperizental Tross Sectioas

(e7) (==?)

T2 on 2.3 ==L v.53 =19
.32 J.0d Z=19 2.32 SR
P R 1,75 z-18 5.33 ==.3
2.2 2 )% co5h Zal3 T.39 =13
-l 22 .05 Z=13 1.3) 2-17
f.2 2031 J.o) Z-l3 1.13 Zal7
2.3 231 £.31 Zai3 3.u7 215
i.% 2 31 S.24 Z-13 7.79 =13
2.3 2 3: 2.0k =13 2,1) £-:8
2.0 2 3 3.21 2«15 .33 2.3
Le7 2 3% 3.51 =2=13 1.14 z=27
2.3 231 31,53 =z-i8 Lo ELlT
2.9 £ )i 3.02 =-13 1.30 E-i7
3, £ 5L 3.53 Z-i3 i.07 E=i7
3.0 2 30 2..1 Z-i8 L.c3 zZ=1
3.6 23 3.20 Z=12 1.19 Z=i7
3.3 23 2.95 Z=19 1.13 E-17
3.4 291 2,53 Z=18 1.0 2217
3. 211 1.0¢ £=17
= — 3 = - g = FTZATR2RILITL EER

e+t ar’ ves Ar’(h658 and 4880 R Emissior} Exp.: A.M. Imre, A.I. Dashchenko,
I.P. Zapesochnyi, and V.A. Kel'man, Zh. Eks. i Teor. Fiz. Pis. Red. 13,

712 (1972) (JETP Letters 15, 503 {1972)].

e+ Ar7': There are no cross section data, but rate coefficients have

been messured in a plasma (kTe ~ 250 eV), See R.V. Datlas, H.J. Kunze,

and D. Petrini, Phys. Rev. A 6, 33 (1972),

e Arn*: The excitation of the hydrogenic ion is covered in the general
formulation at the beginning of this chapter,

Accuracy:

Systematic esrror < * 40%. Random ~rror < * 15%.
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e teswes P T Tentarm o e ot
ZXSLTBIIOn 0L LITRIUEm LOGS 3F fCecironss

¥ L. RTINS
t’uixa)’e’u(-a,;?,_};)
p— SBIERTBTFIARNTLEITTEEZX TN X .
Snovgy Taeorezizai ross Sections
(eV) (ca?)
* 1
2% =P ]

r

0.2 2 31 2.30 2-17
3, 2 31 1.9 Z=I7
13232 3,2) Z=13
1.5 £ J.9P Zal3
2.2 2 2 1,43 2-13
3.0 2 22 Y.hL Zeld
.0 2 32 2.3 2=19
5. 2 X 2 il Z-13 1.9 =-.8 1.91 2«19
€.3 7 32 1.79 -9 1.91 Z-Z8 5.5 222
8.3 2 3 i.34 =29 1.5 Z=i8 2.3 Z=2)
.02 93 1.97 =-19 1.3 2-13 1.13 Z=23
1.5 2 33 T7.i5 2=¢3 9.92 Z-19 31.05 =Z-2i
2.3 2 33 5.30 2-20 8.10 =-19

3.2 = 33 3.57 =2=29 .00 Z-i9

.3 233 2.68 =220 4.9 2-19

5.2 223 2.1b 22 .16 2-i9

0.2 £ 33 i1.79 =20 3.60 E-19

3.0 £ 33 1.3k 22 2.37 =-19

1.0 2 Jb 1.97 2-29 2.kl 2-19

2.5 2 % 7.15 2-21 1.7% 2-19

2.) £ b 5.36 Z=21 1.38 219

3.0 2 X% 3.57 2-21 1.09 =19

References:

e+ i’ » e+ riti23s5,2!

P) Thecretical: Y-.{. im and M. Inokuti,
Pays. Rev. A 1, 1132 (1979). [This reference also provides a

prescription for estimating cross sections to higher singlet states.]

e+ Li’ +e Li’(233) Tneoretical: I.L. 3eigman and L.A. Vainshtein,

Zn. gks. i Teor. Fiz. 32, 185 (1967) [Soviet Phys. JZTP 25, 119 (1967)].

Accuracy:

See liote (7) at end of chapter.
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c.2.5%¢

dicsel 2y Ziercrrns:

L. 12 .
e ¢ 1i™ Cew References delow

L

e *+ il V3sP v e @ G {ir

vaan

Inergy
(eV)

- .17’
e o dit {3 v e e 2t 2D}
RS BRI BEE B EZ 4 BT R CFL
Taes;etical 'r:;ss Sections
4
=)

o
[}
by
{]
i
o
L]
-

|

1.4 2 13 T, Zald
‘.2 2 a4 7. L=l Jo05 Zaich
AUDEEERE | 0.3 feud 2013 Zeld
S22 33 2.3 Zai 1T Z=i)
32 A 3ead Z=id 1.V 2l
3.5 2 23 .90 Zeld 1.3 el
-.3 2 33 ol d nelP 2.%) =12
.2 2 D3 3.7 zZ=13 1o Z-lY
2.0z 3?2 1.1 Z=.9
5.5 2 23 .Y D d
3.3 2 33 3.7 =2
2.5 3 33 T.9Y Z=23
* e SR - e EONA.e 205 e T
Refersnces:

.
¢ * ;li“’ Tanre are LO cress sestina data, byt sollision strengths 2%,

eni very =
Froc. ?ays

e * i lT’(

lose %o, threshali have been calculated by JS.7. Tryzak ~t al.,
. Jor. {Lendeal) 22, iiws [igwT).

17

L 2N
3s) e e ¢ 4l (3p] Thecreticai: M. Golishani, Pays. Rev. A .,

23535 {1979,

e * 3117’(

ip) oo ¢ Hi”’(}:l) Theoretizal: M. Golsaani, Phys. Rev. A 2,

234 {1970).

ﬁcurtcx H

See dnte (T) at end of chapte-.
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C.2.48

gxcitation of Iron by =lectrons:
5+ 5+
e+ Fel?*(3s) » e + Fe!?*(3p)

For All Otger States of Ionization See Reference List 3elow

znergy Theoretical Cross Jection
(eV) {cm?)
3s_* 3p
3.5 01 8.5) =-18
4.0 201 2.10 =-18
L5z01 3.1) =-18
2-0z2 3.53 =-1¢
;.5 £ 31 3.85 z-.8
0.3 Z 01 .01 2-173
8.3 221 4,17 =-13
1.0 2 02 L 00 =2-13
1.5 2 22 3.4) Z=18
2,0 202 2.83 -18
3.3 2 02 2.60 2-18

References:

e+ 7t se s Fel>+(3p):Theoretical: X.C. Mathur, A.4. Tripatai, and
3.&. Josni, Intl, J. Mass Spectrom. Ion Phys. T, 167 (1971).

For other states of ionization there are no cross section information.
However theorstical collision strengths close to threshold are to be found
in the following references: D.R. Flower, J. Phys B 4, 697 (1970) {Fel?*,
Fel3* Fel™* rpel®*}; 5.J. Czyzak, et al,, Mon. Not. R, "Astr. Soc. 148, %1
(1970) [Pe“"] M. Blshe, Astrophys, J. 157, 473 (1969) [Fel?* Fe Y5¥T;

D. Petrini, Astron. & Astropanys. 1, 139 969; [Pel**]; F. Bely, et al.,
Ann. 4 'Astrophys. 29, 343 (1966) TPed?*]; s.J. Szyzak, Proc. Phys, Soc,
90, 619 (1967) (Fe ‘] S.J. Szyzak, et al., Proc. Phys. Soc. 92, 116
T1967) [Pet0*, pelz*],

Accuracx:

See Note (7) at end of chapter,
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c.2.51

Collisional Zxcitation of I by Zlectrons:
e + i+ e +i(2s,2p,a=3,3s,4s)
(continued)
e + 3 » H{35,%s) Tnecretical: M.R.C. McDowell, L.A. Morgan, V.P.
Myerscough, J. Pays. 3 o, 1435 (1973).
e + i > Balmer alpna, Zxperiasntal data for emission of the 3almer alpha
iine. . Kleinpoppen, =, :raiss, Pays. Rev. Letts 20, 3ol (1968).
3ee .cte (3) at end of chapter.

Accuracy:

N

Random error: < # 155 for 2s and lp, < ¥ 335 for 3almer alpha.

iigper Energies:

For nigner (aon-relativistic) impact energies the cross sections given
aere for the 2s, 3s, and 3s states may be extrapoiated by <ze formuia
0 = ME. For extrapclation of tne 2p cross section 'see grara,

Cross 3Sections for Vibratioael Zxcitation of 12 by Zlectrons

(rontinued)

e + C°* = e + C2#(2p?P) Theoretical: I.L. Beigman and L.A. Vainstein,
J. 2xs. i Teor, Fiz. 52, 185 (1907) [3oviet Paysics JETP o3, 119 (1967)].
Corrected by a factor of 10® [See D.Z. Lsterbrock, J. Pays. 3 3, 149
(1975). Tais reference alsc nas some 2ollisiorn streagth calcufitions.]
e TE c3’(ap 2?’) Tneoretical: X.C. Matiur, A.J. Tripathi, and
3.%, Josni, Iatl, J. Mass Spectrom. lon Pays. 7, 167 (1971). [This
reference also nas data for other levels.] Petrini also gives collision
strengths at low energies; Astror. & Astrophys. i7, 410 (1972).

L+ e 3 . X
e +C +e+C (2873) Tneoretical: I.L. Beigman and L.A. Vainshtein,
Zn. Zks. 1 Teor. Fiz. 52, 185 (1967). [Soviet Physics JZTP 25, 119 (1967).]
Rate coefficients have been measured in a plasma (kT ~ 250 eV)., 3ee
#.J. Kunze et al., Phys. Rev, 165, 267 (1968), €

e+ CS’: The excitation of the hydrogenic co* ion is covered in the general
formulation at the beginning of this chapter,

Notes:

See Note (7) (accuracy) at end of chapter,
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c.2.5%

Exeitation of Carbon Iocns by Electrons
(Continued)

e e cz.(zpzl') Theoretical: I.L. Beigamn und L.A. Yainstein,

J. 8. i Teer. Fis. 32, :5 (1967) (Soviet Prysies JETP 23, 119 (1967)]).
Covrested by & fuctor of {See D.E. Osterberoek, J. Phys. B 3, 1M
(1970). This reference slse has seme collisien strength cul .}

e+ ¢ > e+ c®(2)°F°) Teoretical: K.C. Mathur, A.N. Tripathi, md
$.K. Joshi, Iatl. J. Muss Spectrem. Ion Pays. 7. 161’ (1971). Imnis
referense also has duta 97 other levels.] Petriai alse gives collision
streagths st low emergies; Astren. § Astrophys. 1], M0 (1972).

e+ " > e o c"™(26%) Taeoretical: I.L. Beigean wad L.A. Vainshtein

. Bks. 1 Teor. Pixz 52, i85 (1967). (Soviet Physies JETP 25, 119 (1967).}
Bate coefficients have been meesured in & plasms (KT, ~ 250 eV). See
K.J. Kunse «t al., Puys. Rev. 165, 267 (1968).

,C'Cs' mmmormwecs’imummiummm

pom. 5 R R

formalation st the begimming of this chapter.

See Bote (7) (acewrsey) st end of chapter.

Exeitation of Oxygen Iocns by Elecirous
(Continued)

. 06'3 There are no cross section date, but rate coefficients have

been meesured in & plasss (rr. ~ 250 e¥), See R.C. Eldon end W.¥.
Koppendorfer, Phys. Rev. 160, 194 (1967); also #.J. Kunze, A.#. Gabriel,
aad #. Oriem, Phys. Rev. 267 (1968); see also theoretical data

of O, Bely Pays. Letts. A’20, 408 (1968).

e ¢ 0T%; muutmmofmwmzeo‘f’xu is covered in the
omersl formulation at the beginaing of this chapter.

Botes:
See Bote (7) (acouracy).

Excitation of Neon on Ions by Electrons
(Continued)
8

e ¢ e : There are no cross section deta, but experimental values of
collisional rate coefficients are to be found in VW, Engelhardt et al.,
Pays. Rev. A 6, 1908 (1972).

e * 19" the excitstion of the hydrogmic e’ ion is cowered in the
gmeral formulation ot the begianing of this chapter.

Acoureqy’
See Jote (7) st end of chapter.
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{1)

(2)

(3)

(k)

(s)

(6)
(7)

(8)

(9)

(10)

(11)

(12)

These dats are the cross section for formation of the excited

state by sll sechanisas including direct excitstion and also casceds
from higber states, In this case csseade is Welioved to be & small
contribrtion to the total erves section.

is believed to e quite relishle.

At ispact energies just above threshcld these cross sections exhibit
considersble resonant type strueture. This can be cbserved only

vhen using electron beams of very fine emergy resolution (100 meV or
better); it cannot be displayed on the sesle used in the present
graphical preseatstions. PFor detalls see for example: H. Koschaieder,
V. Raible, wnd d. Xleinpoppen, Phys. Rev. A 8, 1365 (1973); A. Oed,
Pays. Letts. A 3b, 535 (1971); B.L. Moiseivitsch, and 8. J. Gmith,

Rev. Mod. Pnys. b0, 238 (1968).

The 20 state of H," is repulsive and dissocistes to furm X' + H(1s).
Cross sictions for excitation from exvited vibrational states of u.’
gi.c.)twvio)mtohmu-!.l. Peek, Phys. Rev. Jb0, ALl

The 2pu, state of K, is repulsive and dissociates to form i’ * K(2p).

These dats are theorstical cross sections. There has been no test
of the theory's walidity at all; the data are likely to be wvery
inaccurate ot energies close to threshold.

Thert is some evidece that these experimmtal deta sre to high in
shsolute magnitude by a factor of tvo. Purthermore there is
certainly an appreciable contribution from cescade transitions
into the excited state.

A useful set of cross sections for excitation of 0 is given by P.A.
Kazaks et sl., Phys. Rev. A 6, 2169 (1972). Though not of as high
accuracy as the date we gquote here, they can be of great practical
utility.

dotation used here for excited neutral rare gas stoms is the Paschen
form. Por {dentification in other notations see "Atomic Energy
Levels” Volume 1, UBS Circular 467 (1949) by C.E. Moore.

The enission data showm here have been arvitrarily chosen from
the very large nusber of eross sections shown in the cited
references., Laser sction has been {dmtified for esch of the
lines tabulated here,

Each reference cited includes &xta for & nuber of other excited
states,
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C.3.2

Cross Sections for the Dissocistiom of 02’ Ions
and II2 Molecules by Electron Iwpact

)
1 X <))

E-16
E-16

z
N

.

Energy Cross Sections for Dissociation
(eV) (ca?)
L 4
e + 02 e + By

9.0 E 00 7.0 B-18
1.0E 01 2.5 E-17
1.2 E0 6.5 EBE-17
1.5E 0 8.8 E-17
1.TEO .20 E-16 8.8 E-17
2.0 E 01 .30 B-16 8.0 E-17
3.0801 .80 E-16 3.8 E-17
bMOEOL . E-16 2.0 E-17
5.0 E O1 .b3 B-16 1.1 E-17
6.0 B 01 .58 BE-16 5.0 E-18
7.5E 0 E-16 1.0 EB-18
1.0 B G2
1.5E R
2.0 B 02
2.5 B o
L.OE 02
5.0 E 0@

PNNNWWPUUUNNN
BEIBERPRELYY

E-16

References:

02': B. Van Zyl and G.H. Dunn, Phys. Rev. 163, k3 (1967).

Hz: 8.J.B. Corrigan, J. Chem. Phys. &3, 4381 (1965).

Accuracy:

02': The total error is believed not to exceed + 20% over most of the

energy scale.

H2: The total error is believed not to exceed + S0%.

Note:

Of: The target Og’ ions are typical of those formed by bombardment of O
by high (150 eV) energy electrons in a lov-pressure (10~? torr) ion source,

and may thus be a mixture of ground- and excited-state molecular ions.
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c.3.h

. - < os < g ¥ + .
Cross Sections for the Dissociation Reactions e + :l2 + 3 +H e

and e + .12’ -~ x’ + Other Products

|

Energy Cross Sections for Dissociation
(ev) (cm?)

e + 2’ e ¢+ Hz’
1.0 201 3.6 =-17
1.5 2461 1.2 £-16
2.0 201 2.0 =-1o
2.5 201 2.6 2-16 .3 2-16
3.0 R 01 3.0 2-16 3.8 =-16
5.0 2 Q1 3.7 2-16 2.8 2-16
3,0rC01 3.9 =16 2.1 3-lo
1.9 2 3.7 2-16 1.8 £-16
1.5 £ 02 3.5 =-16 1.k 2-16
2.5 £ 02 2.8 2-16 9.3 2-17
3.5 2 02 2.3 2-16 7.0 E-17
5.0 2 02 1.8 =-16 5.2 =17
7.0 E 02 k,2 =17
References:

Hy': B. Peart and X.T. Dolder, J. Phys. 3 5, 860 (1972).

32: B. Van Zyl and G.H. Dwan, Phys. Rev. 163, 3 (1967).

Accurac! :

Hz’: systematic error < * 8%, rwxidom error < ¢ 8%. N,': The Tctal error
is believed not to exceed * 20% orer most of the energy scale.

Notes:

H,*: The H,' ions are in the lso_ state; they have a vibrational distribution
corresponding to the ionization o? cold hydrogen gas by fast electrons,
The H atoms formed may be in excited states.

N,’: The target N,’ ions are typical of those formed by bombaidment of
N2 by high (150 eV) energy electrons in a low-pressure (10-? torr) ion
source, and may thus be a mixture of ground- and excited-state molecular
ions,
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Znergy spectr: of Protons Obtainei in Dissociative
Ionization of 2-'12 Mclecules by Zlectron Impwel
iThe incident electron energies are indicated alongside

the grapns. Data were taken at an angle of 27° to

the elsctron besa direction.)

Tabuiar data 20t presented because the iata are not cross sectioas, and
the curves have a lot of strusture.

Reference:

A. Crowe and J.W. McConkey, Pays. Rev. Letls, 31, 192 (1973).
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298.3 eV

[5%(0) /4*(30°)]
98.3 ev

c.3.8
48.3 eV

Relative Yuxmberr of Protons

(the protors come from the 2 ’/ H,".
u
3.3 ev

Angular Distributions of Protons Produced in Dissociative
Ionization of Hz Molecules by Electron Impact
The incident electr:. energies are sho.n by the graphs.)
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(deg)
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, 2088 (1973).
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Phys. B

A. Cruve and J.W. McConkey, J.

Reference:
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c.b.2

Cross Sections o for Single Imization of Nydrogen
ed Oxygen Atoms by Electron Zmpect

Ene Cross Sections
(hw (cm?)
ﬂll-l’oae eoo-o’oze
Experimental Experimentel

2.0 BE-02 3.00 B-17 5.60 E-1T
2.5 E-02 5.37 B-17 8.70 217
3.0 BE-Q2 5.2T E-17 1.08 E-}F
4.0 B-O2 6.2k E-17 1.32 E~-16
6.0 2-02 7.66 E-17 1.52 E~16
8.0 B-02 6.59 E-17 1.58 E-16
1.0 2-01 6.08 B-17 1.55 .16
1.9 E-01 k.80 BE-17 1.52 E£-16
2.0 E-01 5.13 B-17 1.31 E-16
2.5 E-01 3.57 B-17 1.22 2-16
3.0 E=-01 3.19 B-17 1.10 2-16
5.0 BE-O1 2.51 BE-17 9.26 E-17
6.0 E-01 1.80 B-17
8.0 E-01 1.kl E-17

Theoretical
1,0 B 00 1.2 B-17
5.0 E 00 2.8 E-18
1,.0E 01 1.5 2-18
5.0 E 01 3.9 E-19
1.02 02 2.3 B-19
5.0 E 02 1.0 BE-19
1,0E 03 9.3 E-20
5.0 E 03 9.7 E-20
1.0 E Ob 1,0 B-19
5.0 E Ob 1.2 E-19
1.0 E 05 1.3 E=-19
References:

e+ H: W.L. Fite and R.T. Brackmsan, Pnys. Rev. 112, 1141 (1958).

A. Boksenberg, Thesis, Univ. of London (1961). E.W. Rothe, L.L. Marinmo,
R.E. Seynsber, and S.M. Trujillo, Phys. Rev. 125, 582 (1962). M. Inokuti,
Argonne Natl. Lab. Report ANL-6769 (1963).

e+ O: W.L. Fite and R.T, Brackmann, Phys. Rev. 113, 815 (1959).
A. Boksenberg, Thesis, Univ. of London (1961).

Accuracy :
The total error is believed not to exceed ¢ 15% for H and ¢ 30% for O.
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c.k.b

Elsctroa Impact lomization Cross Section of Atoamic Hydrogen

in the Metastsble 23 State

Ecergy Zlectron Impact lomization
(ev) Cross Section (cm?)
8.3z T.12 216
1.0z 01 8.72 Z-1u
1.3E 01 9.45 =16
20EQ 7.58 =-i6
J0EMN 6.26 =16
Loz 0o 5.20 E-16
5.C £ 01 .62 =-16
T.0E QA 3.80 =-16
1.0 E 22 3.11 =14
1.5 E 02 2.52 =16
2.0 2 02 2.11 =-16
3.0z R 1.65 Z-16
Loz R 1.38 =-16
5.0 2 92 1.18 =-16

Reference:

A.J. Dizon, A. Von Zngel, and 4.F.A. Harrison, Proc. Roy. Soc. A-3s3,
333 (1975).

Accuracy:
The total error is beliewed not to exceed ¢ 25%.
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C.h.o

Cross Secticns for lomizetion of Atomic and Molesular Hy irogen

by Zlectron Impact liear Thres:olj

es w=

00502{’02¢ eoﬁg*ﬁz’oze
Energy Cross Section Znergy Cross Sectizca
(eV) (em?) (ev) {ca?y

1.355 £ 01 2.2 E=20 1.545 £ Ji 1.1 =23
1380 2 01 6.9 £-20 1.550 £ d1 2.2 =23
1.365 Z 01 2.0 E-1 1.555 £ 01 3.0 -2
1.370 2 01 .0 E-19 1.560 = 01 6.3 2=3)
1.315 £ 01 6.2 £-19 1.573 £ a1 1.2 Z-19
1.360 £ 31 9.0 £-19 1.580 = 01 1.9 =Z-19
1.385 = 91 1.2 =-18 1.593 = S° 2.6 =-13
1.390 2 J1 1.5 -18 1.600 E 0, 3.2 =19
1.3 2 0 1.8 £-18 1.513 £ J1 3.9 =-19

1.620 £ 01 4.5 =19
References:

e ¢+ i: J.d. McGowan and E.M. Clarke, Phys. Rev. 167, 43 (1963).

e Hz: J.d. McGowan, M.A. Fineman, £.M. Clarke, and H.P. Hanson,
Phys. Rev. 167, 52 (1968).

Accuracy :
The tntal error is believed not to exceed + 30%.



o BT s AT P TR

§ ke S TR e

PSRRI

~.k.7

W

-

(A®) ADH3IN3I

S

€

2+ a—3u+o

02+

JHEHEO

pr2Z -6L OMO - INNO

L 4

N
(2w ¢, _OF) NOILIIS SSOND



C.4.8

Totel Cross Sections ~_ for [onizazion of Zydrogen

&

ard Deuteriun Molecules by Zlectiran Tuapac:

B EREZTBEERETET I "o EXZ K@ =

Enerzy Cross sertions
{keV) Lem?t
e Ei; e &+
Zxperirental IXperimant
2.3 =) 2.7) <17 — -
3.0 = 9.9: =17 oL nel”
4,5 =32 8.59 Zai7 Sue el
3.3 222 9.7 =17 275 Lel”
1.) 2231 9.23 =17 Pt Lel”
2.0 2=J1 7.21 Z=17 Tl Z=lT
3.3 201 5.72 Z-17 et fel
.0 2= .71 2.7 “ 3 ZelT
8.9 =31 2.74 2= 3.1 Zel”
1.0 22 2.24% Z=1 — 5l HelT
2.0 2 X 1.18 2-17 .35 ZalT
L.z 00 6.2c =-1% LIS E=lc
0.0 2 20 4,32 Z-1 o) el
1.3 21 2.82 =-i8 S Zald
2.5 2 01 1.03 Z-1 1.0 Zel1d
Theoretical
5.0 01 T.6 2-19
1.0 2 02 L.6 2-19
5.0 £ 3 2.1 =19
1.0 € 2 1.9 2=19
5.0 2 923 2.0 2-19
1.0 2 04 2.2 ==-19
5.0 £ T4 2.6 £-19
1.9 8 05 2.8 £-19
References:

e ¢+ Hy: J.T. Tate and P.T. Smith, Phys. Rev. 39, 270 (1932). B.L. 3chram,
F.J. de Heer, M.J. van der Wiel, and J. Kistemaker, Physica 31, 94 (1964).
D. Rapp and P. Englander-Golder., J. Chem., Pnys, L3, 1k6k (1965). F.F,
Rieke and #. Prepejchal, Phys, Rev. A €, 1507 (1972).

e ¢+ D3: B.L. Schram, F.J. de Heer, M.J. van der Wiel, and J. Kistemaker,
Physics 31, 9% (1964). D. Rapp and P. Englander-Golden, J. Chem. Phys.
43, 1464 (1965).

Accuracy:
The total error is believed not to exceed + 12% for H; and Da.
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o U S R

¢.h.30

Cross Sectioms for the Dissceiative Iemizatios of K, ant U, Melecules W
W Klectron Impact Yielding Product B* and 8° Ioms with Kinetie Energies
Orester than 2.5 ead 0.25 eV, Respectiwely

ny s

KN |

]
.
J*

25t

3.0301 1.52 3-19 2.0 18

LORO) 1.35 2228 1.3 E-17

éozo A.02 B8 3.8 R-17

1.0 8 02 $.75 218 5.93 E.17

1.5 802 $.32 218 6.12 217

20802 &.08 B-28 5.5 B.17

2.5 02 3.75 B-18 b.97 B17

3.0R 02 3.21 B-18 8,85 E17

0% 03 2.56 218 3.63 B17

6.0 B 02 1.57 B8 2.7 817 (
8.0 02 1.12 B-18 2.20 817 -
1.0 B 03 8.50 219 1.9 B-17

Maferences.

s (K 0.) Englander<Golden and D. Repp, Lockheed Missiles and Space

Ce. LMBC-6-Th-6h-12 (1964), Palo Alte, Californis. D. Repp

P. Englander-Golden, and D.D. Briglia, J. Chem. Phys. 32, bO8 (1985).

Mecuresy:
The total error is believed not to exceed ¢ 308,
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T
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Refcrence:

L.J. Kieffer, Atomic Datas 1, 19 (1969).

CCUracy:

L e R o

The total error is believed not to exceed + 20%.
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C.h.1M

Cross Sections for Single Ionization of Yelium Atoms and

Molecular Jitrogea by clectron Impact lear Threshold

e+ He » He' + 2e¢ eoxzoaz’oze
Energy Cross Section Energy Cross Section
(ev) (cn?) (ev) (ca?)
2.5E 01 6.0 g-19 1.60 £ 01 1.5 =-18
2.6 E 01 1.9 2-18 1.65 £ O1L 3.2 £-18
2.7TE 0 3.2 BE-18 1.70 £ 01 5.0 E-18
28201 4.5 £-18 1.T5 E 01 7.1 2-18
2.9 E 01 5.8 B-13 1.80 E Q1 9.2 2-18
30E 01 7.1 B-18 1.85 2 01 1.1 2-17
3.1EQ 8.k E-18 1.90 £ 01 1.k 2-17
3.2z 01 9.7 2-18 1.95 E Q1 1.7 E-17
2.00 2 01 2.0 E-17
2.05 E 01 2.3 2-17
2.10E 01 2.6 E-17
References:

e + de: R.2Z. Fox, J. Chem. Phys. 35, 1379 (1961).

e+ X,: R.E. Fox, J. Chem. Phys. 35, 1379 (1961).

:

The totsl error is believed not to exceed + 25%.
dote:

On the curve for N2, the arrows indicate the onset of production of the
designated states of the if;* ion.
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c.k.16

7.122332118133211

e + e

lectroa Impact

fad
-

(em?)

Cross Sections

-19

=

'

1

321165.“ 32

e + He
1.71 2-17

8.
3.

and Argon Atoms by

Total Cross Sections O for Ionization of Helium, leon,

15547888888
tl [ ] 0 Q{2
050000000000000
22:“6812h8123|468

(keV)

Energy
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.R. Covling, J. Phys. B 6, L-258

;s J. Fletcher and I

L.J. Kieffer, Atomic Data 1, 19 (1963); M. Inokuti and Yong-Ki Kim, Phys.
» 100 (1969)

References:
Rev, 186

(19737,

Accurac

-

The

e ¢ Ne:
The total error is

25,

:
Ar

ed + 1
e :

The total error is believed not to exe

total error is believed not to exceed + 15%.

e 4 He;

believed not to exceed + 25%.
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c.k.18

Total Cross Sections O,r for Ionization of Nitrogen

Atoms and Carbon Monoxide Molecules by Zlectroa Impact

Encry Cross Sections
(eV (em?)
e+ N e + CO

2.0201 b.29 217
2.5 201 L.79 2-17 8.79 2-17
3.0 2 01 6.50 2-17 1.27 2-16
4,0 201 9.40 E-17 1.83 E-16
6.0 £ 01 1.3 E-16 2.k7 2-16
8.0 £ 01 1.50 £-16 2.81 2-16
1.C E 02 1.53 B-16 2.89 =-16
1.5 E 02 1.0 £-16 2.72 =-16
2.0 £ 02 1.30 £-16 2.9 2-16
2.5 £ 02 1.18 E-16 2.26 2-16
3.0 2 02 1.08 £-16 2.05 =-16
L0 2 02 8.93 E-17 1.72 =-16
6.0 £ 02 6.10 E-17 1.33 E-16
8.0 £ 32 k.21 £-17 1.10 £-16
1.0 £ 33 9.40 =-17

R R

References:

e + ¥: A.C.H. Smith, Z. Caplinger, R.H. Neynaber, E.W. Rothe, and
S.M. Trujillo, Phys. Rev. 127, 16hT (1962).

e + CO: J.T. Tate and P.T. Smith, Phys. Rev. 39, 270 (1932). R.K.

Asundi, J.D. Craggs, and M.V. Kurepa, Proc. Phys. Soc. 82, 967 (1963).
D. Rapp and P. Englander-Golden, J. Chem. Phys. 43, 146k (1965).

Accuracy:
e + N: The total error is believed not to exceed + 30%,

e 4+ CO: The total error is believed not to exceed + 18%.
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C.%.20

Total Cross Sections o,r for Ionization of

Nitrogen and Oxygen Molecules by Zlectron Impact

Ener Cross Sections
(eV (cm?)

t*ﬂz e+ 0

o

2.0E 01 3.19 E-17 3,12 3217
2.5 01 6.36 2-17 5.92 -1

3.0EQ0 9.38 2-17 8.82 E-17
4.0 E 0L 1.55 £-16 1.52 =16
6.0 E 01 2.3k .16 2.32 2-16
8.0 E 01 2.61 E-16 2.62 -16
1.0 E 02 2.69 £-16 2.77 =-16
1.5 E 02 2.62 z-16 2.7k =2-16
2.0 E 02 2.40 E-16 2.59 216
2.5E 02 2.19 E-16 2.38 E-16
3.0 E 02 2.01 2-16 2.17 E-16
4.0 B 02 1.72 E-16 1.85 E-16
6.0 E 02 1.3k E-16 1.2 2-16
8.0 E 02 1.10 E-16 1.16 2-16
1.0 2 03 9.36 £-17 9.76 Z-17
2.0 03 5.30 E-17 5.42 217
4.0 £ 03 2.92 z-17 3,00 E~17
6.0 E 03 1.96 E-17 2.19 E-17
8.0 = 03 1.50 E-17 1.69 £-17
1.0 E Ob 1.23 E-17 1.0 E-17
1.5 E Ob 8.80 £-18 9.92 2-18

References:

e + Na: J.T. Tate snd P.T. Smith, Phys. Rev. 39, 270 (1932). B.L. Schranm,
F.J. de Heer, M.J. van der Wiel, and J. Kistemaker, Physica 31, 94 (196L).
D. Repp and P. Englander-Golden, J. Chem. Phys. k3, 146k (1985).

e + 0;: J.T. Tate and P.T. Smith, Phys. Rev. 39, 270 (1932). R.K. Asundi,
J.D. Craggs, and M.V. Kureps, Proc. Phys. Soc. 82, 967 (1963). B.L. Schram,
P.J. 4e Heer, M.J. van der Wiel, and J. Kistemaker, Physica 31, 94 (1964).
D. Rapp and P. Englender-Golden, J. Chem. Phys. 43, 146 (1965).

Accuracy :

The total error is believed not to exceed # 15% for e + N,.

The total error is believed not to exceed + 15% for e + 0,.
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References:

31, 9b (1965).

W. Bleakney, Phys. Rev, 36, 1303 (1930); B.L. Schram, F.J, de Heer, M.J.
Van der Jiel, and J. Kistemaker, Physica

Accurac

~
”e

The total error is believed not to exceed + 20
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g

C.b.2h

Cross Section for Single Ionization of Atomic Carbon and Total Cross 3Section,
for Ionization cf Jater Molecules and Gold Atuoms by Zlectron Impact

e

T'
cnergy e+ C e + H0 e + Au
(ev) (em?) (cm?) (om?)
1.5z LU BE-17
3.0E0 3.5 2-16
5.9 2 01 L.32 2-16 1.00 =-15
8.0E 0L k.03 2-16 1.98 2-16 1.50 2-15
1.02 02 3.77 2-16 2.0 E-16 1.52 B-i5
1.5 £ 0 3.32 E-10 1.86 <16 1.38 £-15
2.0 E 02 2.T72 E-16 1.7 EB-l6
L,0 E 02 1.7 E-16 1.25 =-16
7.0 £ 02 1.92 2-16 9.0 217
1.0 2 03 7.5 E-17 6.8 =-17
1.5 £ 03 5.5 E-17 5.2 Z-17
2.0 £ 03 3.9 =-17
L.0 263 2.2 E-17
6.0 £ 03 1.6 E-17
1.0 £ 04 1.C B-1T
1.5 2 0k 8.0 E-18
2.0 £ Ob 7.0 £-18
References:

50ld: J.M. Schroeer, D.i. Gundig, and 5. Livingston, J. Chem. Phys. 58,
5135 (1973). :

Carbon: K.L. Wang and C.X. Crawford, "Electron Impact Ionization Cross
3ections,” Tech. Rept. o. 6, Particle Optics Lab., MIT, Cambridge, Mass.,
1971, AFML-TR-T0-289.

#ater Vapor: J. Schutten, F.J. de Heer, H.R. Moustafa, A.J. Boerboom, and
J. Kistemaker, J. Chem. Phys. Lb, 392k (1966).

Accuracy:
50ld: The total error is believed not to exceed hd 50%. Carbon: The total

error is believed not to exceed # 30%. Water Vapor: The total error is
believed not to exceed + 30%.
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C.k.26

Cross Sections for Ionization of Copper Atoms by Electron Impact

Energy Cress Section Cross Jection
(ev) (cm?) (cnl)
cu’ Nl
5.0E 01 2.5 E-16 8.3 E-18
6.0 £ 01 3.1 E-16 1.k 2217
8.0z 0 3.3 E-16 3.1 =17
1.02 ®R 3.1 2-16 5.2 E-17
1.5 £ 02 2.3 E-16 6.6 2-17
2.0 E QR 2.0 E-16 6.2 3-17
3.0 R 1.6 E-16 L.5 E217
L.OE 3R 1.3 B-16 3.1 =17
5.0 2 32 1.0 2-16 2.3 E-17
6.0 E 02 9.0 Z-17 1.8 Ea17
8.0 E 02 T.3 E=17 1.4 217
8.5 £ 02 7.0 2=17
Reference:

C.X. Crawford, APML-TR-67-376, A.F. Meterials Laboratory, Wright-Patterson
A.F.3., Ohio 1967.

Accurt_cx :

The total error is believed not to exceed + 30%.
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c.h. 28

Total Cross Sections op for Iocnization of Atomic Rubidium

.’ ‘

and Atomie Potassium W Electron Impact

(:'" e (a! e ?I
,J; " — Lan?)
$.08% 00 6.6 B-16 5.0 E 00 2.5 .16
1.08Q 8.2 816 6.0 £ 00 5.9 2-16
1.2EQ 8.2 216 8.0 E 00 7.7 Be16
1.6 8.2 B-16 1.0 E 01 7.6 B-16
1.8z 00 8.h E-16 1.k E 01 6.8 E-16
a.0xQ 8.9 B-16 1.0E01 6.5 E-16
2,202 9.9 E-16 2.2 EQOl 6.9 E-16
28z a 1.0 215 25E 01 7.3 E=16
3.6E0 1.0 E-15 3.0 B Q1 7.8 E-16
LOEOL 1.0 B-15 bOEOQL 6.7 2-16
6oz 1 1.0 B-1% 6.0 2 01 5.3 E-16
Soca 9.6 E-16 8.0 E 01 5.7 B=16
1.0 B 02 9.2 B-16 1.0 B 2 5.5 216
1.2z @ 8.7 E-16 1.5 2 02 b.9 E-16
1.6 £ 02 7.9 B-16 2.0 02 k.3 E-16
20K Q2 7.2 B-16 3.0 E o2 3.5 E.16
2.5 2 Q2 6.5 E-16 5,0 2 02 2.8 E-16
5.0 E 02 2.5 E.16
Deferences:
e*M: K.J. Nygsard snd Y.B. Haba, J. Chem. Puys. 58, 3493 (1973).
e+ K: R.H. NeParland sad J.D. Kinney, Phys. Rev. A-1058 (1965).

Yu. P. Korchevoi and A.M. Przhonskii, Sov, Phys.
K.T. Nygaard, to be published.

Aseuresy:
¢+ Rb: The totel error is believed not to exceed + 1358,

2k, 1089 (1967).

¢ + K: The total error is believed not to exceed ¢ 20%.
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Cc.4.30

e A

Total Cross Section g, for lonization of Atomic Sodium and
'
Cesium, and Cross 3ection for Double Ionization of 1

Atomic Sodium by Zlectroa Impact

Energy Ip Energy op Energy a?* ;
(ev) e+ s {ev) e+ la (ev) e+Xavial¥e3e '
(cal?) (cu?) (cm?)
6.0 2 X0 4.8 E-16 0.0 E X 2.0 2-16 8.0 2 J1 2.3 .18
8.0 £ 20 7.9 2-l0 7.0 3 3.9 £-1i6 9.0 £ 31 2.8 =-18
1.0 201 7.3 £-16 3.0 X 5.2 2-16 1.0 E 3 3.4 =-18
1.2z 7.2 =-16 1.2 31 6.3 2-16 1.2z b b z2-18
1.k 231 8.6 Z-10 1.2 £ J1 0.7 2-16 1.h 2 2 5.3 2-18
1.0 2 J1 9.5 E-10 1.6 2 J1 6.7 Z-16 1.6 £ 22 6.2 =-18
2.0 2 31 8.3 =-1o0 2.5 £ 3 6.5 Z-lo 1.8 2 22 0.9 z-138
2.4 = J1 9.3 =-lo 3.0 2 J1 5.8 2-16 2,02 2 7.7 =1
2.8 23 1.0 =-15 4.2 £ 31 5.2 216 2,5 2 X2 9.1 z-18
2.2 291 1.0 2-15 0.0 2 0L L.3 2216 3.0 02 1.0 E-17
3.¢c £ 01 1.0 2-15 1.0 £ & 3.k 2216 3.5 £ O 1.1 2-17
K0 201 9.9 £-16 1.2 2 22 3.1 2-i6 b.0z 02 1.1 2-17
5.0 £ 31 9.6 £-16 1.6 £ 02 2.7 Z-lo
0.0 £ 0L 3.4 =16 2.0 E 2.5 =16
7.2 291 9.1 2-16 3.3 E 2 2.0 -16
9.0 £ 1 8.8 =16 4,0 2 02 1.7 £-16
References:
e ¥+ Cs: K.J. dygaard, J. Chem. Phys. 49, 1995 (1963). I.P. Zapesochnyi
d I.5. Aleksakhin, Sov. Pnys. JETP 28, Ll (1969).

P

Op,e+ia: R.4. McFarland and J.D. Kinney, Phys. Rev. 137, A-L058 (1965).
1.P. Zapesochnyi and I.5. Aleksaxhin, Sov. Pnys. JETP 28, bl (1969).

0?* e+ia: J.T. Tate and P.T. Smith, Phys. Rev. b6, 773 (1934).

Accuracy:
The total <sror is believea not to exceed + 307 for e + Cs.

The total error is believed not to exceed ¢ 18% in o, for e + Na.
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c.k.3

Total Cross Section 0+ Por fonizatico 37 Jareorn Dioxiie
by Zlectron Iapact, and Cross Section for Jingle

4 4 4 - * L4 - -~ -
Topization of de Ions by Zlectron Impact

L
Znergy Ip Tnergy J
(27) e+ 3 (=7 evie? > Re?®s2e
rex? ) _ (=2}

i.> 22 5.0 E-18 3.3 £ 3L L.3 el
2.0 2 3% 5.9 2-17 7.3 2 31 1.5 el
3.0 £ 91 1.5 Z-i6 L. £ 22 Jum el
4,0 291 2.2 E-16 1.3 2 % 5.3 2=l
.d £ J1 2.9 Z-lo 2.3 202 2.l Zel”
3.0 231 3.5 220 2.5 2 X 3.3 Z-i]
1.0 £ 2 3.5 Z-lo 3.0 £ 32 S R
1.8 2 22 3.5 Z=lo 5.5 2 M 2.0 Zel”
1.8 2 3.4 2-l0 5.3 £ 32 St EelT
2.2 £ 3.1 £-10 9.0 2 W Ceal EelT
2.0 £ 22 3.3 Z-i0 7.3 2 3¢ 2.0 ZelT
3.0 £ 32 2.8 z-l¢ 3.2 3 1.9 Z.17
95 I oo b 2.k z-i0 9.) 2 Ik HI
5.0 £ 32 2.1 E-lo 1.3 2 08 1.m E=l7
6.0 2 32 1.9 2-lo

8.3 2 Q2 1.9 2-16

1.0 £ 33 1.4 2-16

R G ETRAM FTIZ T I A

References:
e + CO3: D. Rapp anid P. inglander-Golden, J. Chem. Phys. 43, likoi (1905,

e + e': £.7. Dolder, M.F.A. Harrison, and P.C. Thonemana, Proc. Roy.
3oc. A-2TL, Sk6 (1963).

Accuracy:
e + CO2: The total error is believed not to exceed + 3u5,

e + Ne': Maximum total error < ¢ 10%.
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B = o e R L _ f = E S

Cross Jection for

in Elecrron Imza

c.k.3%

tae P

-~

~ .

TIUSTISN

I -'l:

Znergy

LeV)

e * i e+ 3,*

1.2 2 J. .75 Z-ic
2.0 T A 4.31 E-ic
2.2 231 3.99 Z-io
3.3 231 3.7 Z-io
4. = 2 1.3& zZeic
c.d 2 Ji 2.79 =-ic 27T el
3.3 231 2.4 Zalc I
1.0 =2 2 2.17 Zeln R R
1.5 2 X 1.7] Z=io P.Tl Selt
2.3 1.5} Zeic Pesl Zeats
2.3 2 2 1.23 z-l¢ e -
3.0 =2 A2 1.33 =Z=i= 1edd Zelw
“.2 2 22 8,35 Z-17 .00 ZaerT
0,3 = X 5.4 Zai7
8.3 = 22 L.20 Z-17
1.2 33 3.50 207
1.5 2 33 Qo] Z-iT
e o L N E. ko EXFEETTTTEFLETTILET BT TSR FS T3

References:
e + (K;*,0;%): G. H. Dupn and B. Van Zyl, Phys. Rev. 154, 40 (1967).
ACCUrecy:

e (Hz’.Dg’h Maximum systematic error < 10%8. Random erraor < 5%.

dotes:

e s Hy': The qmtuy plotted is the sum of the cross section for the
rclction L I H * H * H ¢+ ¢ and tvice the crmss section for the reactian
e s 1o s 2e. The Hy* ions are in the lsg, state. They have a
vidbrational distribution corresponding to the ionization of cold hydrogen
¢as by fast electrons. The H atoms formed in the first reaction may be
in excited statas.

e ¢+ D;*: The qmtxty plotted is the sum of the cross section for the
reaction ¢ * D;* = D* ¢+ D s e md tvice the cross section for the reaction
e + D%~ p* + D* # 2¢. The D,* ions are in the 150, state. They have a
vibra.uoml distritution corresponding to the ionization of cold deuterium
gas by fast 2lectrons. The D atoms formed in the first reaction may be

in excited states.
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C.h.3%

mmmmmhm;mumumammu
ulz Ions wi Cross Seetion Mtlnunmnln lonization
m."ﬂz"l ‘R * 2e

Dnergy Cross Seetion

(ev) (en?)
e ﬂg’ e s Hy®
Pretin Dissociative
Dredustion Jealzstion
LOR OO 9.90 236
.oz @ 7.98 216
1.0 41 6.87 2-16
2.0 0 k.73 .16 1,06 Z.18
OEOL 3.46 B.16 6.90 Z-18
6.0z 0 2.81 2-16 1.30 E=17
§ozo 2.8 E.16 1.62 217
1.0Z a2 2.99 E-16 1.75 =17
.28 02 1.25 £-16 1.3) 2-17
3.0z 9.20 E-17 9.71 =18
80802 7.30 R=17 7.60 2=18
S.ot o §,20 B-17 §.57 E-18

Ieferentes:
o K3 (proten production): B. Peart and K. T. Doider, J. Phys. 3 &,

e
196 (19m); 3, 1536 (1972).

e ¢ U] (dissoeiative ienisation): B. Peart and X.T. Dolder, J. Pays. B
¢, 2409 (2973).

e + K} (proten preduction): Systemstic error < & 105. RMendom error & 103.

N7 (disseeiative lenisation): Systemstic errer < ¢ €5. Rendom erTOr
115 over mest of energy rangs.

iae
TR

e * i} (preten predustion): euantity plotted is the sum o
sestions for the resstions e * W ~ o oo amie o Nl e N o % ¢ 20.
Te N ions are in the lus, state; they have & wuummmw.m
uhhi&laﬂmmmwfutcm
The N stoms formed in the first resction may Ve in emsited stales.

f the erves

e Ia {dissociative fonisation): The Ih ions are in the lsog state; they
have s vivrationsl distrivution corresponding to the imlmlm of cold
hydrogen gas Wy fast electrons.
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c.k.38

Total Crcss Section, JT’ for Ionization of Atomic Lithium by clectron

-
w

Slectron [mpact

from He by =

Pl

i{mpact, and Cross Section for Production of de

Energy

(ev)

ar
e+ [i

(cm?)

Energy

evie+Helt+2e
(cm?)

(eV)

2-16

<

v rd e e
[} | LA |
fed fed £eX e} fed 513 () 0] M} M
35,0085?_916

1..1..3..“]“..“\“332

[= %
—
1

£-18

ad [l N o]
0 v

-18

e A NN NN NN
DOODO0OOOHODOO

£ fed £03 fed 2] [ed 123 00} [0 ()
NVYNFO QG900
WO RN NN

t~ t~
1._. 1
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g
] 1Y ?m ?.u fed e M 1] )
014 55,005208
1;7514332221

-17

-17
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NN NNNN NN m
oo leNeNe Ne) (¢ Mo Ne

fed re] [ad 1o 1 [ed f1] Mo fed 10}
OO\U«JOO..UOQO
\< 3l.~ :./,O 78 91

1.5 B-17
1.3 B-17
1.2 2-17

LA sa sl Xsa Ksa - ¢

oo
SES]
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-

o o0
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fed 0] fd 0] 22 [
030000
23|4z081

salisa)
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References

e

R. Jalin, R. iagemann, and R. Botter, J. Chem. Phys. 59, 952 (1973).

e # Li

3. Peart, D.S. Walton, and K.7, Dolder, J. Phys. B 2, 1347 (1969).

L
e ¥ He

Accuracy:

The total error is believed not to exceed + 15%.

e + Li:

Random errcr < 9% over most of the energy

+

Systematic error < 8%.

e + ide :

range.

- T s 0 o
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C.k.k0

Jross Jextioas Tor Jingle and Uoudle lonizasion ofF LI Ioas wnd
L . e A H [ ra® o - - - -y -
Jross Jestizns Sor Single Ionfzation of a2t and 2% Ions by Slectron Impact

Znargy Cross Sections
(e" (Qﬂz)
eoLi®oLi%e2e  eslitsLidaze  esua’einZtese ok’ teve
+.0 2 2L 3.2 E-l7
2. 2 3L 3.30 =-18 9,54 217
5.0 2 0t F.157 Z-1 9.92 =17
1.0z 22 1.32 =-18 1.50 2-17 9.93 z-17
1.5 222 3.45 2-18 2,32 E-17 9,17 =17
2.3 2 3 4,08 =-18 2.,0% E=21 2.67 ==17 7.39 Z-17
3.0 222 4,13 =2-13 3.90 z=21 2,04 =17 6.55 2=17
Lb.3 Z 22 5,09 2-18 6.3z Z=21 2.5) -1 5.35 Z=17
6.3 I sz 3.71 =18 1.00 2=20 2.18 =-17 4,30 2-17
1.0 2 23 2.35 z-18 9.50 <21 1.68 z-17 3,30 Z-1T
1.5 %033 2,13 2-18 7.11 z=21 1.28 217 2,18 =17
2.3 233 1.8 z-13 5.21 Ze21 1.06 Z-1 1.32 2=17
2.5 £ 53 1.92 ==l 4,40 Z-21 3.95 z-19 1.56 =17
3.3 223 1.2 2-18 7.50 =18 1.3 217
£.2 £33 7.91 219
2.0 2 s 5.29 2-19
2.3 2 3% 2.91 z-19
2.5 2 s 2.38 z-19
Refsrances:
e+ Li’ (single ionizatioan): ¥.C. Lineberger, J.W4. Hooper, and E.W., McDaniel,
Pnys. Rev. 141, 151 (1966). 3, Peact and X.T. Dolder, J. Phys. 3 1, 872 (1963).
3. Peart, 0.3. Walton, and #.T7. Doller, J. Phys. 3 2, 1347 (1969).
e + L1 {doubie fonization;: 3. Peart and X.T. Dolder, J. Phys, 3 2, 1169 (1969).

2+ (ja+,£’): . Peart e2nd K.T. Dolder, J. Phys. 3 1, 2LO (1968).

1 J.W, Hooper,
w.0. Lineberger, and F.M. Bacon, Phys. Rev, 1lbl, 165 (1966).

égcuraclz

L+
Li

e 4 (single ionization): systematic error < + 8%, random error < + 62
sver most of energy range. e + Li* (double ionization): systematic error
< + 95, random error < + 9%. e + ida*: maximum total error = + 6% for

£ < 2000 eV; + 107 at £ = 3500 eV, e + K*: maximum total error = * 6% at
2 <

1250 eV; * 97 at £ = 3000 eV,
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L 4 L 4
-» o N - - b4 - - e T N .
Crass Jedtions Tor Jingle [onmisation o o oani o
Zon5 by Ziectron Impalct
= = 3 =&ox I TS I RIIX TSSO _BIXBBRITSTSIET TLARIBI ST T S22 A

3&3‘.’&-’ Cross o
(eV) {2="}

e ¥ U R jl“’

3.0 231 1.00 Z-19

N N ) § 1.9 =17

c.d = 32 3.05 Z=17 7,95 Hai-
8.0 231 5.50 2=iT Tewl 27
1.3 £ 22 L.99 17 toeT I-17
1.5 2 32 4.35 z-1 .76 E-lT
2.0 Z 4,50 =-17 i.69 Z=17
2.5 2 02 Lo13 =2-17 1.0t I=l7
3.0 £ 22 3.79 z-i 1.5 Z=l7
LDz 32 3.16 =17 .00 ZalY
5.0 2 22 9,7 Z-l7
8.0 2 22 - 3 .19

== ==Y =TT EEEIR DR TEASTRR T o

References:

+
e+ 8 : M.P.A. Harrison, X.T. Dolder, and P.C. Thonemann, Proc. Pays.
Soc. 82, 308 (1963).

e + 32’: X.L. Aitken, M.7.A. Harrison, and R.D. Rundel, J. Phys. 3 L,

1189 (1971).

Accuracy:

+
e +# 1 : The total error is believed not to exceed + 153.

-l .
e # i : 3ystematic error < 10%. Random error < 5:.
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c.h.Mb

Cross Sections for 3icgle lIoafizatiom of

0’ and 02. Ions by Electron Impact

SR
cross Sectisns
(eV) (em?)
e O‘ R 02.
25E0 5.00 E-20
3.0E01 2.50 E-19
s, 0EQ 6.5 2-18
6.0 201 2.6% E-17 5.20 £-18
8.0 E 01 3.68 E-17 1.27 217
1.0 B 02 §.19 E-17 1.65 2-17
1.5 E 02 b.38 E-17 1.82 E-17
20 E 02 8,19 Bel7 1.76 E=17
2.5 E 02 3.93 £-17 1.66 E-i7
3.0 E 02 3.70 E-17 1.56 2-17
k.0 £ 03 3.29 E-17 1.36 E-17
6.0 E 02 2.66 £-17
8.0 E 02 2.21 E-17
1.0 E 03 1.85 £-17
Reference:
e+ (0°,0°*): K.L. Aitken and M.P.A. Harrisoa, J. Phys. B &, 1176 (1971).
Accurscy :

e + 0*: Systematic error < 10%.

e+ 02
E < 63 eV.

Systematic error < 15% et E < 63 eV.

Random error < SX.

Random error < 152 at
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c.b.h6

Cross Sections for lonization or Ca® and Sr* by Electron Impact

Zaergy Cross Sections
{eV) L cm? )

i.TZ % €20 Zel7
2.0 2 01 4.00 217 8.0 217
3.2 31 1.59 Z-lo 2.20 2-16
5.0 2 3% 1.65 -l 2.53 Z-16
I.52% 1.70 2-16 2.60 Z.10
8.oza 1.7O 2-16 2.59 z-i¢
1.1 2 Q2 1.08 216 2.3 .10
1.5 E 02 1.56 Z-lo 2.0k 210
2.0 2 R 1.50 E-16 1.82 =146
3.0 2 02 1.10 £-16 1.%5 2-16
Loz 02 9.00 E-17 1.23 2-16
5.0 £ 02 7.20 2-17 1.09 £-16
6.0 £ 02 6.00 2-17 1.03 2-16
7.0z &R 5.20 E-1T7 1.00 Z-16
3.0 3 02 4.50 Z-17

Reference:

B. Peart and K.T. Dolder, J. Phys. B 8, 56 (1975).

Accuregy:
The total error is believed not to exceed = 12%.
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SRR L S o f oy

Energy Cross Sections

(eV) {=a®)

eoaa’ciha’oze e’?l.""'.:”ole

1.0z %
1.5z % .31 B=lo
2.0 EJ .10 Zelb L.2) Z-17
2.5 L,31 2=lv ©.75 Z=iT
3.0E QL .37 Z-lic 1.35 Z=ln
LOZJ 4,33 S-10 155 Zel®
0.J 2 2. L.1% 220 1.07 Zeln
8.2z 3.92 E=l9 1.7% Eeln
1.0 2 02 3.72 Zel0 1,75 Z-l€
1.5 E 32 3.20 Z-i6 1.16 Z=lb
2.0 2 2 2.85 Zel0 1.50 2=1%
2.5 2 % 2.50 2-1 1.35 Z-1%
3.0 2 a2 2,20 Zelo 1.25 Z=16
L0z 02 1.85 2=-16 1.08 =-16
6.0 2 22 1.Lb Zal€ 8.90 z=17
8.0z 02 1.21 2<in T7.70 217
1.02 03 1.05 Z=16 6.75 Z=17
1.5 23 7.80 2-17 5,20 S=17
2.0 E 03 6.10 E-17 k.10 2-17
References:

e + 8a’: 3, Peart, J. G. Stevenson, and X. T. Dolder, J. Phys. 3 6, 146
(1973). R.K. Feeney, J.4. Hooper, and M.T. Zlford, Phys. Rev. A 6, 15469
(1972); B. Peart and £.T. Dolder, J. Phys. 3 1, 872 (1963).

e + T1*: T.P. Divine, R.K. Feeney, W.E. Sayle, II, and J.4¥. Hooper,
Phys. Rev. A 13, 54 (1976).

Accurscy:
e + Ba*: Maximum total error < : 102 at E > 20 eV; 2 25% at E = 15 eV,

e + T1*: The total error is believed not to exceed : 1S%.
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Cross Sections for Single Ionization of Mg  sad Wg .

c.A

Ions Wy Zlectron Impact

SRR . MR AR S FETES YRS
Snergy Cross Sections
{eV) (em?)?
* il J
e a e & L

O0E N 3.30 2-i1
2.5 01 b.3% E-17
3.0E 01 b.TC 217
5,02 01 5.8 Ba17
.0 E 01 b.Sh 2-17
8.0 201 5.28 2-17
1.0 02 5.08 8-17 2.73 2.1
1.5 2 02 3.70 2-17 9.19 .18
2.0 a2 31.h1 E2-17 1.15 E=17
2.5z 02 3.18 =17 1.25 E=17
3.0 £ 02 3.00 2-17 1.30 =17
k.0 E OR2 2.69 E-17 1.30 2-17
6.0 E OR 2.25 =17 1.21 E<l
8.0 2 02 1.9 2-17 1.19 E-17
1.0 E 03 1.69 =17 9.70 2-18
1.5E 03 1.22 E-17 7.50 £-18
2.0E 03 6.20 £-18
2.5E 03 5.40 E-18
3.0 E 03 4.90 E-18

ferences:
e + Mg+: S.0. Martin, B. Peart, and K.T. Dolder, J. Phys. B 1, 537 (1968).

e + 4?*: B, Peart, 5.0. ¥artin, and K.T. Dolder, J. Phys. B 2, 1176 (1969}.

Accuracy:

e + Mge: Maximm total error < ¢ 10% at £ > 50 eV; 2 20% at E = 20 eV.

e "‘20: Systematic error < ¢t 8%, Random error < : 5%.
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C.h.5h

Differential Cross Sections for Ejection of Electrons from
Helium Atoms by EZlectrom Impact
(The cross sections are differential in thLe ejected electrou. energy.

The incident electron energy is indicated alongside the curves.)

P IR

Foergy Differential Cross Sections
(eV) (ca?/ev)
30 eV 100 eV 300 e¥ 1000 eV

5.9 8 C0 1.49 2-18 1.82 E-18 1.82 E-18 k.40 2-19
6.0 £ 00 1.5k 218 1.71 E-18 1.32 E-18 5.52 E~19
8.0 2 00 1.20 E-18 1.50 218 1.15 E-18 3.78 £-19
1.0 201 1.0k £-18 1.18 B-18 1.00 £-18 3.30 2-19
1.5z201 8.8 E-19 8.20 2-19 7.17 B-19 2.39 2-19
2.0 201 8.59 2-19 6.26 E-19 5.20 E-19 1.79 2-19
2.5 201 5.00 E-19 3.89 2-19 1.39 E-19
3.0EQ k.17 E-19 3.00 £-19 1.09 £.19
k.0 E 01 3.57 E-19 1.80 2-19 7.00 220
6.0 201 7.88 .29 31.39 2-.T0
8§.0E 0 k.43 E-20 1.99 5-20
1.0 E 02 2.82 2-20 1.18 £-20
1.5 E 02 .76 £-21
2.0 £ 02 2.46 B-21

References:

e + He: C.B. Opal, Z.C. 3eaty, and W.K. Peterson, Atomic Data &, 209
(1972); JILA Report do. 108, Univ. of Colorado, Boulder, Colorado (1971).

Accurscy:
The total error is believed not to exceed + 30%.
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C.A.56

Differentisl Cross Sections for Ejection of Electrons from !L‘.. :(2, ad 92
Mplecules bty !upact of Incident Elsctroas with 500 eV Inergy

{The cross sections are differential in the ejected electron energy.)

-

lury Differential Cross Section
(ev (cm?/ev)

N

[ ]
¢
L ]
*
Nu
[ ]
L4
Q
N

$.0 2 00 2.9 B30 é.11 BE-18 6.79 E-18
6.0 E 00 2.17 E-18 $.77 B-18 6.16 =-13
8.0 £ 00 1.6 218 5.19 E-18 5.2 =18
1.0E 01 1.23 E-.18 .63 2.18 5.00 E-18
1.5 201 6.60 219 3.21 2-18 5.00 Z-18
20E0 .06 E-19 2.10 2-18 3.02 £-18
25201 2.7% E-19 1.54 E-18 2.30 .18
3.0E0 1.98 E-19 1.06 E-18 1.75 E-18
b0 ZO01 1.13 E-19 6.30 £-19 1.08 2-18
6.0E 01 $.18 E-20 2.88 =19 .90 2-19
8.0E 01 2.99 E-20 1.60 E-19 2.70 E-19
1.0 E 02 1.80 E-20 9.83 2-20 1.68 219
1.5 E 02 7.08 B-21 3.98 £E-20 6.93 £-20
2.0 E 02 .60 E-21 2.38 E-20 .00 2-20

References:

e*(43,82,02): C.B. Opal, E.C. Beaty, and ¥W.K. Peterson, Atomic Dete b,
209 (1972); JILA Report So. 108, Univ. of Colorsdo, Boulder, Colorado (1971).

Accurscy:

u(i{z,xz,oz): The totsl error is believed not to exceed + 30%.
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c.5.2

Cross Section for Radistive Attachment of Electroas

to Grownd-State Nydroges Atoms (Theoretiecsl)

e* N+l o v

Section
(eu?)

mmuwwwmwmwmuwunmm

SRUBBERRIARBELER

... ,ss,sssssnl 333222

3333333aaaaaail
n888883883888888%

AN S AND 0D s PN D b

Press (1969), page 1260.

N.8.W. Massey, E.E.8. Durhop, and K.B. Gilbody, "Electronic and Iomie

lapect Phencmesa,” Vol. II, Oxford Univ.

The total error is delieved not to exeeed ¢+ S§.

S o . <t ——_
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C.5-5

Cross Section for the Production of H Ions by Dissocistive

Attachment of Electroas in Hydrogen Gas

couz-tu'owoducts

Cross Section

(em?)

wlﬂwwwvrﬂﬁﬂﬁ
+883588888

L L L L LLEL LA R R R N R NN RN R

SeSeREe2Re2eeRReE22EE8888

ISRRNBEENS

5 —na.

5.00 B-22

1.20 g-21

L.50 E-21

1.10 2-20

1.20 2-20

1.22 E-20

1.26 £-20

1.03 2-20

9.70 £-21

.38 2.10 E-20

1.50 3.10 E-20

1.82 3.37 £-20

1.46 3.46 £-20

1.48 2.0o 2-20

1.50 2.1J E-20

1.54 1.62 B-20

1.60 1.75 220

1.70 1.83 £-20

1.% 1.96 2-20

1.90 2.12 2-20

2.00 2.20 B-20

2.2 2.3h E-20

2.3 2.M B-20
SRR
Meferenge:

G.J. Schuls, Pnys. Mev. 113, 816 (1959).

Accuracy :

The total error is believed not to exceed # 35%.
dote:
Delov 13.6 eV, the reaction is ¢ ¢ Hy » H™ » K. Above 13.6 eV, the

resction ¢ ¢ Hy - H™ » H* can occur. Above 17.2 eV, ™ and K* can be
produced simultanecusly in sn "ion-pair production” process.
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C.5.6

cor

Cruss sectiony for degative Lon Formatlion in Hy, A3, and D,

oy LOW Znergy Zletrons

R EAREFIES T ELIFTIFTTEEEI AT I EETL LI R ST I SASFERRIZRECEL FETI SXTT FLTT T EL £ 5 T2 LS00

Zlectron
Inergy Jross Jections
;e |
124/ v
i feom i, 2 from il Y from D,

L2 22
jJ3»=T » 1.10 == 7.90 2220
3L X 2.0 23 1.3) 245
302 2 23 7.5 Zedd 5.3C Z-23 H.0) Z-05
3.7 2 X i.7Y el .32 =223 T.02
3.3 20 lesd Za-li 1.35 Z=d 3.9
.33 2 33 332 Ze02 9,21 =03 3.8 s
+.3) 202 3.25 Z=22 3.5 Dl d 3.35 2-0%
3.0 200 1,05 Z-dd 3.3) Z=31 3.35 2=
4,03 Z X 2.30 228 2013 Za03 5.1% Z-0%
3.3 2 o9 1,73 =22 1.55 213 7.5 T3
5. 2R 1.15 Z-z2 1.1) 204 P.93 =29
.33 2 03 7.3 223 T.¥) Z=li
3.5 2 2 2.3 Z-h

= ey L ESETXT Y 2T 70 Temg-

7.J9. 3chilz and 2.X. Asuadi, Phys. Bev. Letts. 5, 9u6 [1965); 3.
Sevaaz ant 2.4, Asandi, Payu. Rew. 153 03 [19e7).

The total error is believed not s exceel & 31..
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c-6.3

Calculated Recombination Coefficient un e for the
k]

Radiative Recombination of Electrons to X' lons in Different Final

Quantum States n,i at Temperatures T of 10,000°K and 20,000°K

e+ + #(n,1) + hv

Reccmbination Coefficient an,l (10':"6 cn3/s¢c)
T = 10,000 °K

a\d 3 1 2 3 L 5 6 7 8 9 i0 n

1 1582

2 23L 536

3 T8.2 20k 173

4 36.3 96.5 109 55.5

5 19.9 52.8 66.9 W.k 17.9

6o 12,2 31.6 42.9 37,5 2C.5 5.85

7 1.9% 20.3 28.8 28.2 18.7 8.22 2.

3 5,48 13.7 20.0 20.9 15.8 8.59 3.25 0.706

9 3.9 9.73 1k.k 15.6 12.8 T7.97 3.75 1.28 0.259

10 2.93 7.09 10.6 12.0 10.5 T7.12 3.83 1.61 0.502 0.100

11 2.23 5.3+ 7.9 9.15 8.45 6.20 3.67 1.77T 0.688 0.203 0.039

12 1.74 3.99 6,08 T7.22 6.85 5.38 3.41 1.83 0.825 0.304 G.08s 0,016

{
T = 20,000°K

A\t O 1 2 3 b 5 6 7 8 9 10 i1

1 1079

2 160 32k

3 52,9 123 90.9

¥ 2.3 58.1 56,7 25.7

5 13.2 31.3 34,9 22.3 7.5k

¢ 7.95 18.6 22.3 16.9 B.10 2.35

7 s5.1b 11,7 15.1 12.7 7.38 2.96 0.766

8 3.52 7.81 10.5 9.78 €.h3 3.11 1.10 0.267

9 2.50 5.4 7.51 7.5 S.b5 3.00 1.28 O.k2k 0.096

10 1.8 3.94 5.50 S.,76 4,53 2.7k i.32 0.526 0.168 0.036

11 1.L0 2.93 4,13 L., 3.75 2.4 1.29 0.572 0.215 0,068 0,01k

12 1,09 2,23 3.16 3.51 3.08 2.17 1.2k 0,598 ©0.252 0.091 0,026 0,006

Reference:

D.R, Bates, Case Studies in Atomic Physics 4, 57 (197h).







c.6.%

Total Recombination Coefficient a for the Radiative
Eliecton=Ilon Recombination of Various Iors at 250°K

Recombingtion

Systea Coefficient 2
(cm?/sec)
H* 2 ¢ h.§ =12
fie* * e L B 212
Ctee b2 E-12
™ee 3.6 E-12
ot e+ e 3.7 2-12

Reference:

D.k. Bates snd A. Dalgarno, Atomic and Molecular Processes, ed. by D.R. Bates,

Acadenic Press, Jev York, 19v2, p.252.

Recombination Coefficient a for the Redistive Recombination
of Electrons with He* and H* Ions st 10,000° and 20,000°K

Recombination Coefficient a (cm?/sec)

vel Formed He Excited Excited He H
\ Ground He He Any Level Any Level
Temp. (%K)~ _State Singlets Triplets

10,00C 1.59 E=13 6.30 =-1b 2.10 2-13 .31 2213 .17 2-13
20,000 1,15 E-13 3.50 =-14 1.20 E-13 2.69 =2-13 2.51 E-13
Reference:

A. Burgess and M.F. Seaton, Yonthly Notices of the Royal Astronomical
Society 121, LT1 (1960).

L —

Calculated Radiative Recombination Coefficient a for the
Recombination of Electrons with 0* Ions
e+ 0* >0+ v

N R Y

Electron Recombination Coefficient a (cm?/sec)
Temp. (°K)
2.5 E 02 3.b E-12
5.0 E 02 2.2 g-12
1.0 E 03 1.3 E-12
2,0 E 03 8.0 E-13
Reference:

A. Dalgarno, Ann. Geophys. 17, 16 (1961).
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Calculuted Recombination Coefficient mn

of Electrons to K*

IR

C.€.5

" for the Radiative Recombination

Ions in Several Final Quantum States

at Verious Terperatures T

L . <
esd +ila i) e v

Juantum
{umbers of Recombinaticn Toeffizient 2
croon n,t
Tins. s
States {e=?/se2)

n L T-U2.5° K Ts=1250° K T=l10%® K T =8x10% K T=6.kx10%° K

| 1.36 E-12 6.8 2-13 2.3 E-i3 6.7 E-ib 1.1 E-14
1 3.72 21 1.82 212 5.4 213 9.5 E-1k 8.2 2=15
LI | L 60 Z-13 2.3 E=i3 8,0 Ze1bk 2.1 E-1k 3.2 =15
1 1.4 E-12 5.9 E-13 2.0 £=13 3.5 =-14 3.2 Zal
2 1.61 E=12 7.5 E=-13 1.7 3=-13 1.9 2-1 1.0 2=15
Reference:

4.5.4. Massey, Slectronic

Collisions with Molecules

Oxford, 1969).

Calculated Cross Sections
to H' Ions

for Four

and Ionic Iapact Phenomens, Vol. 1I, Zlectron
and Photo-Tonization, p. 1070 (Clarendon Press,

for the Radiative Recombination of Electrons
in Various Final Juantum States
Different Electron Energies

+ 4" +ii(n,i) + hv

Quantum
umbers of
Pinal Cross Sections (cm?)
States
n 1 0.28 eV 0.13 eV 0.069 eV 0.03L ev
2 9 1.20 E=21 2.45 E-21 4,80 E-21 9.81 E.21
1 3,0b E«21 6.48 5=21 1.29 E=20 2,67 h=20
3 0 k.02 =22 8.26 E-22 1,62 E=21 3,30 E«21
1l 1,15 E=21 2.46 E-21 4,95 E-21 1,01 E=20
2 1.15 E-~21 2.62 E-21 5.47 E=21 1,15 B-20
Reference:

#.5,W, Massey, Electronic and Jonic Impact Phenomena, Vol. II, Electron
Collisions with Molecules and Photo-Ionization, Clarendon Press, Oxford

(1969), p. 1070.

N R R L T S



Calculated Recombination Coefficient a for the Collisicnal-Rediative Recombination of Eleetrens with
H* Ions in an Optically Thin H* Plasma, for Various Electron Temperatures L

Electron

Conceatration Recombination Coefficient &
ng{com=?) (em?/sec)

Te * 250° K  Tg » 500°K T, = 1000° K T, ®» h000® K T, s 16,000° K T, = 6k,000° K
Limit 33‘0 b8 B-12 3.1 B-12 2.0 EB.12 7.9 EB«13 2.9 K=1) 1,0 £-13
1.0 E 8.8 E-11 1.k E211 h,1 B-12 9.2 E-13 3.0 E-1) 1.0 813
1.0 E Q9 h,0 E=10 3.8 E.l1 7.9 E«d2 1,0 B=-12 3.0 E=1) 1,0 BE-13
1.0 E 10 2.8 E-09 1.6 E=10 1.9 E-11 1.k B-12 3.2 E=1) 1,0 R=13
1.0E 1 2.7 E-08 1.0 E-09 6.9 E-11 2,2 E-12 3.h E-1) 1,0 B=13
1.0EB 12 2.6 E-07 9.0 E-09 3.9 E-10 b, b Bel2 &3 213 1,0 £-19%
1.0E8 1) 2.6 E-06 8.9 E-08 3.1 E-09 1.2 B«ll 6.2 B-13 1.1 B1)
1.0 B 14 2.6 E-05 8.8 BR-07 2.9 E-09 5.1 B=ll 1.0 B.12 1.2 E=1)
1.0E 1S 8.8 E-06 2.9 B-0T 2.7 BE=10 2.3 E-12 1.6 E«13
1.0 E 16 2.9 E-06 2.3 E-09 5.0 B=12 1.9 E=13
1.0 E 17 2.1 .08 1.h B=11 h,b B=1)
1.0B 18 2.0 E-OT 9.6 E-11 2.8 £-12
Limit ngve 2,6 E-19 ny 8.8 E-21 n, 2.9 E-22 nq 1.9 B=25 ng 9.1 E=29 ng 2,7 8=30 ng

]
Reference:

D.R. Bates, A.E. Kingston, and R.W.P. McWhirter, Proc. Roy. Soc. (landon) A267, 297 (1962),

2ot e N e R
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c.6.8

Calculatel Recombinetion Coefficient a, for the Radiative Recombiaation
of Electrons to Different Fina! States of H* lons
at Various Zlectron Temperatures 7
e s H* > i) o hv €

x " TS L T
Priscipal
WknTum Necombination Coefficient au
Aumber 2 (em?/sec)
Te®250° K Tg®500% K Te=lI00® K T =2000° K T¢=k000° K T =3200° K
1 1.02 =12 T7.1T 2«13 5.07 E-13 3.36 Z-13 2.50 Z=11 1.7& Z-l3
2 5.66 z=13 3.98 =13 2.79 =13 1.9% E-13 1.32 =13 3.90 Z-lh
3 3.90 Z=i3 2.72 E«13 1.88 z-13 1.28 £-13 8.4% £=1% 5.33 E=l%
b 2,95 S-13 2.0b <13 1.4 Z-13 9.23 E-1b 5.8 Zelk 3.53 2l
b3 2.36 E-13 1.62 5-13 1.08 2-13 6.99 E-14 %.29 Z-1k 2.%8 =-1%
6 1.96 2=12 1.33 E=13 8.70 =24 5.k8 zZ-lb 3.26 Z-]4 1.8 Z-ii
T 1,60 £=13 1.1} =13 7.16 £-1k 4,39 Eolh 2.54 Z-lk 1.38 Z-lk
8 103 2213 9.66 Z-14 5.99 Z-l4 3.59 E-lk 2.02 E-1h 1.0T Z-ib
9 1.25 2-13 B8.17 Z-1% 5.08 -1k 2.98 E.1k 1.64 Z-14 8.51 Z-l3
10 1.11 2-13 7T.13 2-14 L4.36 E-1b 2.5) z-l% 1.35 Z-i% 6.93 z-15
il 9.88 -1k 6.2T Z-1M 3.77 2-li 2.13 £-1k 1.13 Z-1k 5.65 Z-13
12 4 9.87 z-14 5.56 Z-1k 3.29 Z-14 1.33 E-ib 9.33 2-15 k.71 215
Total U.84 Z-12 3.12 =12 1.99 Z-12 1.26 Z-12 7.35 =11 L.83 E2-13

1 1.20 2-13 3.92 2-14 5.19 -1k

2 5.63 E-1b 3.42 =-14 1.95 E-14

3 3.19 E-1% 1.80 2-14 9.6 Z-15

b 2.00 E-1k 1.06 2-1k 5.33 £-15

5 1.35 2-1k 6.87 15 3.32 £-15

6 9.53 2~-15 L.T71 2-15 2.22 E-15

7 7.02 £-15 3.39 £-15 1.56 £-15

8 5.3k E=15 2.53 Z-15 1.14 215

9 4,16 E-15 1.93 zZ-15 8.66 z-16

10 3.31 E-15 1.52 2-15 6.72 E-16

11 2.68 2«15 1.22 2-15 5.33 2-16

12, 2.21 2-15 9.89 2-16 b.30 E-16

Total 2.93 E-13 1.73 E-13 1.00 E-1}
Reference:

D.R. Bates and A. Dalgarno, Atomic and Moleculsr Processes, Ed. bty D.R.
Bates, Ch. 7, Zlectronis Recombination, Academic Press, New York (1962),

p. 249,

.
Summed over a.l final states.
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C.6.1¢

Calculated Cross Sections for the Radiative Carture of Ziectrons
to Various States of a Hydrogen Atom at Four Different Eieciran Enerfies

003.*%:(::)0:1\:

. o P
Cross Sections
Tocal® (cm?)
0.28 eV 0.13 eV 0.069 eV 3.03% eV
i 8.10 221 1.06 £-20 3.28 =20 5. 73 Zela
2 .26 2221 8.93 £-21 1.77 2=20 3.65 220
] 2.73 E=21 5.91 221 1.20 =20 2.49 .20
b 1.88 2-21 .2k 2221 8.8k =23 i1.86 =20
5 1.36 £-21 3.20 221 6.89 =21 1,69 2222
6 9.90 2-22 2.49 .21 5.51 £-2i 1.23 220
7 7-30 2-22 2.00 E-2] k.52 z=21 1,03 z=29
8 1.62 E=21 3.81 221 3.75 21
9 1.31 B=21 3.23 2=21 7.55 =21
10 1.06 2-21 2.7k E=21 €.50 Tl
1 2.33 =21 5,72 221
12 2.00 =21 5,52 E=21
13 1.72 =21 L 03 z21
1% 1.50 2-22 1.L7 221 3.62 =221
15 3.25 Z-21
16 2.91 221
17 2.62 z=21
18 2.35 221
19 2.09 ==21
20 2.15 B-22
28 3.02 E=22
hO 5,32 E-22
0 0 1.19 24 2.72 B~
Reference:
H.S.W. Massey, Electronic and Ionic Impect Phenomens, Vol. II, Electron

Collisions with Molecules and Photo-Ionization, Clarendon Press, Oxford

(1969), p. 1071.

L J
Total Quantuzr Number of Atomic State into which Electron is Captured.
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€.5.12

Calculated Recomdiamtion Coeflfiziens 2 T0r the TollisiozaleRaiixrtize
Recombinatisa of Zisctrons with Z* Ions {5 Three DEiffapens
A Plasems IOpticmily Thin, 2ptirally Thitk Towaris Liznes
of the iyman Series, and Jptismiily Thick Towmrds Lires > a.l Jerles)
T3r Jevera. Ilsctran Temperatures t

AEEERE > SRR
Zlectron

Dtusit,,‘ Recombicsntion Ccefficient a

a.'.ca' ) (m?/sec}

-

T2500° K°  T,2500° K© T =500° K* T, =h000® k*

1.0 £ 28 1.4 E-1 1.1 2=i1 2.6 Z=12 9.2 =13
1.3 3.8 211 3.3 E-li 1.1 211 1.9 =12
1.2 19 1.6 2-10 1.6 Z=1 1.0 219 1.4 212
1.021 1.2 2 1.9 =9 1.0 5 2.2 =12
1.0 2 12 9.3 -39 9.) Z=09 9.3 =29 .58 ze¥2
1.0 £ 13 1.2 2-1:
1.0 £ 1b 5.1 z=11
102 4 2.T zZ-=1G
10216 2.3 =09
T =4000® K To=h000° K¥ T,232,000° K* Tg=32,000° KT =32,000° K*
1.0 2 93 9.2 £-13 3.9 £-13 1.8 £-13 9.5 -1k 7.6 -1k
1.0¢ % 1.0 2-12 3.9 -1} 1.8 2-13 9.0 E-1k 7.6 E-1k
1.0Z 19 1.2 2-12 3.9 2-13 1.8 £-i3 8.8 -1k 7.6 Zeik
1.0 211 2.0 2-12 3.9 2-13 1.8 2-13 8.5 -1k 7.6 -1k
1.0 £ 12 3.3 2-12 5.b 2«13 2.0 2-13 8.2 2-1k 7.6 E-1k
1,02 13 9.0 z-12 2.4 212 2.4 E-13 8.0 -1k 7.6 21k
1.0 £ 14 3.5 E-11 2.0 =11 3.1 =13 7.6 =1k 7.6 -1k
1.0 £ 15 1.9 E-10 1.9 E-10 4.9 E-13 9.0 z-14 9.0 Z-1b
1.0 £ 16 1.7 £-09 1.7 2-09 7.3 E-13 1.8 E-13 1.8 2-13
ference:

H.5.W. Massey and H.B. Gilbody, 2lectronic and Jonic I t Phenomena, Vol. IV,
Recombination and Fast Collisions of Heavy Fnrticles, p. 2135 {Clarendon
Press, Oxford, 1974).

L 4

Optically thin.

*Optically thick towards lines of Lyman series,
*Op'.ictlly thick towards lines of all series.
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C.6.1%

Calculated Recombination Coefficient a for the Collisional-Rediative
Recombination of Electrons with & Ions in sa #* Plasme
umchloumumrdﬁn'hmntmt‘m the [on
Tempersture T; are Maintained at 250° K, for Various
Concentrations 3 of leutral Atoms ia the Ground State

Reference:

M.S.4. Massey and i.B. Silbody,
Recombination and Fast Collisions of Heavy
Press, Oxford, 197h).

Elsctron
Osncentration Recombination Coefficient a

a (ex™) (cn’/sec)

'.!gllg ] ‘-lolis" ’.1ol'a°) 3..‘?"____"‘

8.6 z 08 3 2-10

1.0X09 .80 E-10

3.0 09 .11 B=10

1.0 E 10 2.28 2209

3. 6E10 2.97 E-09

10E1 3.83 2-.08 5.33 E-09

$.1 B .05 B-09 6.10 2-09

1.0F 12 L.859 E-09 6.00 E-09 1.00 =08
1.3 2 12 5.0 209 5.95 £-09 9.20 209
3.0E 12 L.90 E-09 5.45 2-09 T7.30 2-09
1.02 13 &9 2-09 §.55 E-09 5.33 209
3.02813 3.6% E-09 3.65 E-09 k.15 E-09
1.0 E 1b 3.02 B-09 3.11 E-09 3.27 E-09
3.0E 1% 2.88 B-09
1.0 15 2.50 E-9

icles, p. 2185 (Clarendon

s Vol. IV,

Electronic and Ionic Impact m

B

B R R e s,
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C.6.16

Calculated Recombination Coefficient a for the Collisional-Radiative
Recombination of Zlectrons with H,* Ions
in Hy; at Various Temperatures T

Concentration
of Hy Molecules Recombination Coeffizient G
(cm=?) (ca?/sec)

T=125% T =250°% T =500°9 T=1000°K T =2000°%

1.0 2 17 1.27 E-08 é.91 2-09 5.97 E-10 1.37 2-10

3.0 £ 17 4,20 2-08 1.00 2-08 2.10 2-09 4,60 2-10 1.00 2=10
1.0Z 18 1.30 2-37 2.76 2-08 5.52 E-09 1.21 E-09 2.73 =12
3.0 £ 18 3.80 =207 8.10 2-08 1.65 E-28 3.70 2=09 8.10 =10
1.0 2 19 1.30 E-06 2.57 E=07T 5.22 £-08 1.1k 2-08 2.61 =09
3.0E 19 3.90 2-06 T.70 E=O7 1.58 B-07 3.25 =-08 7.7 ==09
1.0 £ 20 1.27 2-35 2.37 E-06 5.05 E=O7 1.06 2-07 2.8 =-03
7.1 £ 20 1.30 =04 1.75 E=05 3.50 2-26 7.10 =37 1.82 =07
1.0 £ 21 2.51 2-35 5.00 2-06 1.00 E-06 2.57 =2=07
Reference:

#.5.4, Massey and H.3. Gilbody, Zlectronic and Ionic Impact Phenomena, Vol. IV,
Recombination and Fast Collisions of Heavy Particles, p. 2153 (Clarendon
Press, Oxford, 197k).
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c.6.18

Calculated Recombination Coefficient a for the Collisional-Radiative
Recombination of Electrons with Hde* Ions in an Optically Thick
Decaying He* Plasms with Atom Temperatures Maintained at 250° K
for Various Concentrations i of Yeutral Atoms in the Ground State

Electron
Concentration Recombination Coefficient a

“,(ﬂ.') (cm?/sec)

B=10'2ca? 3¥=10'’cm”? H=10'‘cm '’ ¥=10'%="? A=10'%cm ’
1.0 E 09 1.73 E-10 2.36 £-10 2.89 =10 3.21 E-10 3.6k E-10
3.0 E 09 1.55 E-10 3.00 2-10 3.85 E-10 k.90 =-10 5.40 =10
1.0 2 10 1.23 2-10 3.33 2-10 5.32 E-10 6.60 £-10 7.36 =10
3.6 £ 10 7.40 B-11 2.90 E-10 5.86 E=-10 7.70 =-iC 8.50 E-10
1.0 11 k.61 E-11 2.25 E-10 5.32 E-10 7.80 E-19 8.90 E-10
2.3E11 3.10 E-11 1.65 E-10 L .45 E-10 7.60 2-10 9.12 2-10
1.0z 12 1.53 B2-11 8.61 2-11 2.89 E-10 6.60 2-10 8.40 210
3.0 £ 12 8.95 B-12 L.80 2-11 1.85 E-10 5.20 =-10 7.20 2=10
1.0 E 13 L.88 2-12 2.bh 2211 1,06 E-10 3.64 2-10 5.86 £-10
3.0 2 13 1.20 2-11 5.90 E-11 2.27 E-10 L.45 E=10
1.0 £ 1k 6.93 2-12 3.16 E-11 1.33 2-10 3.21 E-10
3.0 2 1k 1.65 E-11 T7.90 2-11 2.23 2-10
1.0 B 15 8.07 E-12 k. 24 B-11 1.50 =10
Reference:

H.S.W. Msssey and H.8. Gilbody, Siectronic and Ionic_ Impact Phenomena, Vol. IV,
Recombination and Fast Collisions of Heavy Particles, p. 2147 (Clarendon
Press, Oxford, 197h).
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€.6.20

Zlectronic Recombination Coefficient a for the 3-3o0dy

» s - * L33 -
Electrot.-Izn Recombination Reaction e ¢ 2 ¢ He + 2de

e 5 TEZ D TR AT 0T RIS

ensity Recombination Coefficieant a
-)y . )
i \ol S Ser

G
:
9
%
»
:
=
¥
(]
g

|

T=500° K  T=1000° K

. ¥

17 Z=39 Z-11  7.30

P 1.4l 1.8 2-1 2.88 Zell 2,39 Zeld 9.3 ==1
3,0 21T L.15 2209 .93 2210 6.52 Z-l1  1.22 Z-l1  2.96 Z-l2 .13 zalZ
LD 2180 1036 203 1.52 -39 l.o7 210 2.37 -1l k.63 Z-il 1.4l Zell
.3 218 L, 30 =33 4,59 2209 L.,20 E-1d h.54 2211 T.lo =-l0 .77 Eel
.Y 2190 1,33 2227 1,52 2233 1.30 2«29 9,44 Zall 1,27 Zell 2.5 Zel
3.3 0219 4,30 207 4,80 2=03 3.4) -39 1.95 213 1.77 ==l LIk Zal
1.) 220 1,33 2239 1,79 237  1.02 Z=32 4,13 =13 2,04 E=11  L,5d el
1.3 220 < 11 ES00 5,45 ESIT 0 2.09 ZL03 711 ZLIl 2,50 H-li 0 5.45 Sl
1.7 2210 1,30 2235 1.90 2=00 3.98 2204 1,07 2209 31,88 ol 3.78 Zal

N
~——

4.2, 3ates and 3.P. rFhare, Proc. Pays. 3oc. (Loadon) 85, 231 (190
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c.6.22

Collisionsl-Medistive Recombination Coefficient
for Elsctrons with lz. Ions 1a 8,°

2 5.06 E=12 1.07 E-12
7.90 B30 2.0 10 7.80 B-11  3.35 B-11 1.60 B-11 1.40 E-12
265500 6.902-30 2.602-20 31.0B-10 5.3 E-11 1.90 312
800200 2.052-09 7T.702-10 3.25B-10 1.60 £-10 2.50 B-12
265800 6.90209 260200 1.09E-00 5.% E-10 3.35 E-L2
265801 605208 2.603-08 1.07E-08 5.0 E-09 5.9 B-12
7.958071 2.0082-07 7.80E.08 3.2032-08 1.60B8-08 7.8 E-12
1.0 E-O7 1.02 E~11

xmw Massey and K.B. Gildody,

| E)eetroni Yol. 1V,
W Press, Mford (1978), p. 3
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c.6.24

Collisional-Radiative Recombination Coefficienz a for Ziectrons
vith E* Ions in a Magneticalily Confined Optically Thick H* Plasm
at Varicus Concentrations i of leutwra Atoms.,

The Atom Temperature is Held at 250° K.

Electron
Concentration Recombination Coefficient 2a
ne(cr’) (cm¥/sec)
! = 4 y
3210%° @3 a=10%3 ep3 310t am3 us10!? et dm10RC en?
1.0 2 2% 3.45 Z-12
1.9 £ 39 4,30 E-10 5.15 -10
3.0E 09 5.20 E-10 7.60 E-10
5.4 £ 09 5.60 E-10 1.03 =09 1.42 =09
1.0 10 5,46 2-10 1.36 2-09 1.91 =09 2.32 =09
1.5 2 10 4,97 2-10 1.8 £-09 2.25 2=29 3.10 2239 .43 2-32
3.0 E 10 3.76 £-10 1.38 £-09 2.72 2209 h.12 309 3,03 2232
4.8 = 10 3.30 =10 1.25 2=-29 2.86 209 L,60 =09 5,20 ==)9
1.0z 11 2.54% 210 9.84 E-10 2.95 2=39 5.98 =29 0,89 =Z-)9
1.7 11 2,00 2-10 8.20 E-10 2,42 2=09 5.29 =09 3.00 2-39
3.0z 11 1.42 E-10 6.55 E=10 2.19 =09 5.10 =09 3.30 =-209
L3211 1.28 £-10 5.60 2-10 2,00 =09 k.90 E-29 3.43 2-29
1.0 E 12 7.71 E=-11 3.58 2-10 1.57 £=09 L,12 E2-09 T7.98 =2-09
3.0 E 12 4.50 E=-11 2,29 E-10 9.75 E-10 2.89 £-09 6.89 =-09
5.5 £ 12 3,17 =12 1.67 £=12 7.30 E-10 2.35 2-09 5.90 =09
1.0 2 13 1,11 £-10 5,56 Z-i0 1.86 =09 L. 89 =09
3.3 E 13 6.12 =-11 3.11 =10 1.15 =09 3.43 <09
1.0z 1 3.33 2-11 1.56 E-10 6.55 E-10 2.19 £-09
3.0E 14 7.80 E-11 3.72 E-10 1.42 209
1,02 15 3.4 2211 2.29 210 8,22 2-10
A
References:

D.R. Bates and A.E. Kingston, Proc. Roy. Soc. A=279, 10 (1964).

i#.S.W. Massey and i.B. Gilbody, 2lectronic and Ionic I t Phenomena,
Vol. LV, Clarendon Press, Oxford (197k), p. 21LL,

R
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c.6.26

Recombination Coefficient a for the Collisional-Raliative Recombination
R . . .
of Electrons with de Ions in an OJptically Thin Decaying :[e’ Plasma
Maintained at an Atom Temperature cf 250° K At Various

Concentrations N of leutral Atoms

Zlectron

Concentration Recombination Coefficient a
ne(cn's) (em?/zec)

¥ = 10%2 y=1083  y=10t? 1= 10% 7= 10t°

1.8 £ 09 6.19 E-10
L.OE 09 8.80 £-10 1.39 £-09
7.9 £ 09 1.05 £-09 1.85 E-09 2.17 £-09
1.0 £ 10 1.09 £-09 2.00 2-09 2.60 =09
1.5 £ 10 1.11 209 2.20 £-09 3.80 =-09 L. 20 2-09
c.2 £ 10 1.306 £-09 2.30 £-09 4.10 =-09 5.10 =-09 8.11 =39
2.6 E 10 1.33 -39 2.33 2-09 4,40 2209 5.0 =09 .60 2=29
1.0 E 11 6.49 2-10 1.84 2-09 5.78 £-G9 8.51 -9 1.00 2207
3.5 £ 11 3.35 2-10 1.20 =2-09 4,90 Z-09 9.55 =-09 1,21 223
581 2.50 £2-10 9.60 E-10 4.25 =09 8.90 z-39 1.27 2=93
1.0 £ 12 1.80 £-10 7.48 2-10 3.k5 =-09 8.51 =-09 1.22 223
3.0 1 8.70 2-11 L.,20 2-10 2.05 =09 6.L0 £=-09 1.10 =-08
1.0 £ 13 3.4b E-11 2.07 £-10 1.06 =09 4,20 2-09 3.32 =29
3.0 £ 13 1.00 E-10 5.20 £-10 2.25 Z-09 5.00 E=39
1.0 £ 14 4,00 E-11 2.28 £-10 1.0k 2-09 3.45 2209
3.0 £ 14 1.05 E-10 L.,90 =2-10 2.05 =39
1.0 £ 15 4,46 2-11 1.98 E-10 1.11 £=39

Reference:

D.R. Bates and A.Z. Kingston, Proc. Roy. Soc. A 279, 32 (196L).
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c.6.29

Calculated Collisional-dielectronic Recombination Coefficiert o

ions 0

ron Concentrati

Plasma for Four Different Zlect

L 4

for Electrons in an He

e

¥/sec)

Recombination Coefficient a
tem

Temperature
(°K)

-1
-13
-1h

1L
-1

8 z-

16

00 =
2.07 2-1b

43000333385
’

[ . [ 1
_.k ?w n--u £} 12} £} _,-w o) fad nk 3]
\D W\ N [l AR Bt B Nia
L[]

»
17!‘118521..53

333!4““-“555 6

£ 1} 1) 1) 0 fed D3 22} 0] B3 £ 1Y M
5600000000025
2231235135112

Reference:

A. Burgess and H.P. Summers, Astrophys. J. 157, 1007 (1969).

D.R. Bates, Case Studies in Atomic Paysics b, 57 (1974).
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c.6.30

Total Recombination Ccefficients a1 far the Raiiative

- - > - o v + - -
ar:d Dielectronic Recombination of He Ions with Ilectrons

Temperature Total Pecombination Coefficient a
(°K) {em?/sec)
Radiative Dielectronic
detrerie detsorie

1,02 0k 4,19 2-13

3.0E 0b 1.88 =-13

3.22 34 1.68 2-13 1.00 =17
L.OE J4 1.kl =-13 7.05 2-16
5.0 £ 04 ~.18 2-13 5.96 2-15
8.0 0b T.80 =-1L 2.17 =-13
1.02 05 6.51 Z-1k 5.43 2-13
1.2 2 05 5.60 -1k .97 2-1
1.5 2 G5 L.,55 Z-1k 1.59 2-12
.02 05 3.45 £-14 2.35 =-1
3.6 05 2.30 2-1h 2.95 -1
3.32 95 2.15 2-1u 2,95 2-12
5.0E 05 1.42 B-1i 2.6L4 z-12
8.0 2 05 8.50 £-15 1.7 E=-12
1.0 E 06 T7.08 2-15 1.38 2-12
3.0 26 2.02 2-15 3.29 E-13
1.0 £ 07 4,70 2-16 6.28 E-14
3.0E Q7 1.05 £-16 1.48 E-14
1.cE 23 2.11 E-17 2,68 E-15

|

g_g_ference:
A. Burgess, Astrophys. J. 139, 776 (1964).

D.R. Bates, Case Studies in Atomic Physics b, 57 (197h).
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C.7 Dissociative Recombination
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Total Recombination Coefficient a tor Dissociative Recombinaticn

c.7.2

of d * Ions with Electrons

H.W. Drawvin, Collision and Transport Cross-Sections, Report Jo. EUR-CEA-
FC-383, January 1967, Association EURATOM-C.E.A., Fontenay-sux-Roses (France).

2
Electron
Temperature Total Recombination Coefficient a
T, (ev) (cm?/sec)
Theoretical
Hz”'&"?ﬁ
2.5 E-02 L.27 E-08
5.0 E-02 3.70 E-08
9.0 £-02 3.3 E-08
1.5 2-01 3.21 E-08
2.0 E-01 3.33 E-08
5.0 2-01 3.63 E-08
1.5 £ 00 3.12 E-08
3.0 £ 00 2.15 E-08
5.0 £ 00 1.30 E-08
9.0 E 00 6.80 E-09
1.0 2 01 5.37 E-09
1.5 01 2.95 E-09
2.0 E 01 2.k E=D9
3.0£ 301 1.5 E-09
5.0 € 01 7.21 E-10
1.0 £ 02 2.18 E-10
Reference:
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a, TOTAL RECOMBINATION COEFFICIENT (cm¥/sec)
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C.T.%

ross Sections for Dissociative Recombination of Eiectrons

T 4
witn =%

[ 1V

~
P
<

andD’

Ien

ASCUracy:

3. Peart and X.T. Dolder, J. Phys. 3 7, 236 (197h).

D, : 3. Peart and X.T. Doider, . Pays. 3 6, L-239 (1973).

The total error is believed not to exceed # 10%.

Znargy Cross Secticns
(e¥) {em?)
e + E{z’ > e + Dz’ >
Jeutrals Jeutrals
3.0 2-01 2.33 2-15 1.79 2-1%
.0 =01 1.99 E-15 1.66 =-1%
5.0 2=31 1.75 2-15 1.53 ==15
6.0 =21 1.47 2-15 1.41 2-15
3.2 2201 8.90 =-16 1.1% 215
1.2 22 6.30 =2 9.30 =-16
1,523 4.67 =-16 6_.L8 2-156
2.5 22 3.9 2216 5.13 2-1%
2.3 230 2.71 2-16 k.10 =-16
3.0 2 35 2.20 2-16 3.35 =-16
3,02 3 2.36 =-16
References:
+
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o553 Saztion for isssriative Fecsoebination oF Dlertiroas witn i, loas
3
3
~E I ITS_LTI TETETESSESRTE SRS s X o0 T2 S ST ES S SRS TR
nergy 'r23s J=ctinn
\ev,‘ \w':_:‘
.. ¢ - -
2 ¥ 33 » Jaytral Zrojuccs
2.5 Zed: .73 Zals
3,0 z=32 e el
~.2 =22 1.7 Z-l-
c.) Z-12 Tl Zele
3.2 =50 .50 Zel3
1.3 z=C1 T.2) 215
2.3 Z=31 .17 zZe=lZ
2.5 z=21 LD Ze1E
3.0 z-J1 .95 Z~l3
«.) =2=J31 .l Z=l3
£.) =31 .53 Z-1%
3.5 z=32 L.l EelT
1.2 2 33 P.n Zelr
2.3 23 3.1% Z-lw
2.3 233 L.3) Z-l%
3.2 X 3,59 Zaln
.32 0 2.Tu 2-1%

== *Fx3 ==

[

References:

4.7, Lea, Y.A. 3ionii, and R. Soansen P?{s. Sev. A 3, <13 11273} &. Pear:
and X.7. Dolder, J. Pays. 3. I, 1943 {1974).

Accuracy:
The total error is believed not to exceed + 15%.
The cross sections at energies between J3.05 and J).L eV are cbtained by

interpolating beiween the low energy microwave afterglow data of Leu,
et al., and the nigher-energy inclined beam data of Peart and Dolier.
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c.7.8

Cross Secticns for Tissociative Recombinatior

Inergy <ross Se
(ev) {e

+ o
e+ - e+ i -
deutrals eutrals

5,0 2202 1.57 Zals

6.0 E-02 q.4) =2-13

3.0 =02 T3 =-1%

1.0 =01 3 H -5

1.5 3201 2.13 =15 2.05 217

2.0 £-01 1.55 =-15 i.3% 2=1%

3.0 .01 1.30 =15 1.22 =13

4,0 2-21 7.27 =-16 9.66 Tl

6.0 2201 L. 58 210 T.42 =10

3.0 £-01 3.42 Z-1o T7.93 ==l

1.0 2 Q0 2.09 =-1i% 5.2 2.1

1.9 % 00 6.93 =-16 SJTT Z=in

2.0z 2.8: =15 2,80 Zain

3.0 £ 00 1.91 2-i% 1,70 Eain

Lo =220 1.87 =-16 177 Z-in

5.0 £ 30 2.00 £-16

References:

F.L. 4alls and 5.4. Duaa, J. Geopnys. Research 79, 1211 (1973); Paysizs
Today, August 1974, p. 30.

Accuracy:

The total error is believed not to exceed + 30%.
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- o

Two-Body Electron-Ion Dissociative Recombination Rate Coefficients a at 300° K

1) G o)

Ion a (cm¥/sec) References
Hy* 2.3 x 1077 M. T. Leu, M. A. Bioadi, and R, Johnsen, Phys. Rev. A 8, 413 (1973).
oo ‘HSf 3 x ].O'6 M. T. Leu, M. A. Biondi, and R. Johnsen, Phys. Rev. A 8, 413 (1573).
He2§ 1 x lO'B A. W, Johnson and J. B, Gerardo, Phys. Rev, A 5, 1k10 (1972),
w,t 2.2 x 1077 W. H. Kasner and M. A, Biondi, Phys, Rev. 137, A 317 (1965); F. J. Mehr
and M. A. Biondi, Phys, Rev., 181, 264 (1969).
uh* ~ 2 x 1070 W. H, Kasner and M. A. Biondl, Phys. Rev, 137, A 317 (1965).
02* 2.1 x ].0'7 F. J. Mehr and M. A, Biondi, Phys. Rev., 181, 264 (1969); W. H. Kasner
and M. A, Biondi, Phys. Rev. 17h, 139 (1968),
Oh’ V2 x 10'6 W. H. Kasner and M. A, Biondi, Phys. Rev. 1Tk, 139 (1968),
7 Accuracy:

Where two significant digits are given, the total error probably does not exceed + 20%.
Where only one significant digit is given, the total error probably excesds * 30%,
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D.1.4

Sputtering Yields for W' ca C, Graphite,
SiC, Al, aad Cu (norml incidemce)

Energy Sputtering Coefficients, S
(hev) (atoms/iom)
Cs sic Graphite
1.0 £k 00 3.8 E-02
2.0 £ 00 3.8 £-02
2.5 00 3.5 E-02
3.0k 00 3.3 E-02 2.6 202
5.0 00 9.0 E-03 1.8 2-02
7.5 E 00 7.0 E-03 1.5 e-02
3.3r01 5.3 B-03
5.0e01 3.4 E-03
7.0 01 2.4 E-03
1.0 E 02 1.6 E-03
1.5E 02 1.1 E-03
Reference:

H" 4 Cu: C. E. Kenknight and G. K. Wehner, J. Appl. Phys. 35, 322
(1964); G. K. Wehner, G. S. Anderson, snd C. E. KenKnight, Report #3031
Applied Science Division, Litton Systess; R. Weissmann and R. Behrisch,
Rad, Effects 19, 69 (1973); 0. C. Yonts, C. E. Normand snd D. E.
Herrison, Jr., J. Appl. Phys. 31, 447 (1960).

B + S1C: R. Pebrisch, et al., Max-Planck Institute Fiir Plasmsphysik,
Report FIPPAR-1974&.

Ses Notes (1), (2), and (3) at end of chapter.

Notes:

See Note (4) at end of chapter.
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D.l.‘

Sputtering of Fe, Stainless Steel, Nb,

and Ta by Protons (normsl incidence)

Energy Sputtering Coefficients, S
(keV) (atows/ion)
Fe ss o Ta
5.0 E-01 3.2 E-03
7.0 E-01 3.7 E-03
1.0 E 00 4.4 E-03
2.0 E 00 1.0 e-02 6.0 E-03 6.3 E-03
3.0E 00 1.1 E-02 7.1 E-03 7.7 E-03
5.0 E 00 1.2 E-02 7.3 E-03 9.5 E-03
7.0 E 00 6.2 E-03 1.1 E-02
1.0E 01 1.2 E-02
1.2 E 0 2.2 E-03
2.0E 01 2.0 g-03
4.0E 01 1.8 E-03
7.0 E 01 1.7 E-03
1.0 E 02 i.6 E-03 2.0 E-02
References:

H' + Fe: G. K. Wehner, G. S. Anderson, and C. E. KenKnight, Report
#3031, Applied Science Division, Litton Systems.

H* + SS: R. Behrisch, et al., Max-Planck Institute Fir Plasmephysik,
Report #1PPAR-1974

V. M. Gusev, M, 1. Guseva, E, S. Ionova, Yu. L. Krasulin, S. V. Mimov,
and A, V. ledospasov, Report #OLS-7-75,

H* + Nb: R. Behrisch and R. Weissman, Phys. Latters 30A, 506 (1969);
A. J. Summers, N. J. Freezan and N. R. Daly, J. Appl. Phys. 42, 4774
(1971)

See Note (5) at end of chepter,

Accuracy:

Unknown

Notes:

See Note (6) at end of chapter.
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D.1.8

Sputtering of Ti, Mo and W

by Protons (normal incidence)

Energy Sputtering Coefficients, S
(keV) (atoms/ion)
v

Yo 41 L4 v
1.0 E 00 1.7 E-03 2.3 E-06
2.0 00 2.1 E-03 2.6 E-04 2.8 E-04
3.0 E 00 2.4 E-03 5.6 E-03 2.9 E-04 5.2 E-04
4.0 £ 00 2.7 E-03 3.1 E-04 8.2 E-04
7.0 E 00 3.2 E-03 3.5 E-046
9.0 E 00
1.1 E 01 4.0 E-03
1.0 E 02 1.4 E-03
References:

H* + Mo: C. R. Finfgeld, Report #ORD-3557-15; C. E. KenKnight, and G. K.
Wehner, J. Appl. Phys. 35, 322 (1964); G. K. Wehner, G. S. Anderson, and
C. E. KenKnight, Report #3031, Applied Science Division, Litton Systems.

H' + Ti: R. Behrisch and R. Weissman, Phys. Letters 30A, 506 (1966); C.
E. KenKnight and G. K. Wehner, J. Appl. Phys. 35, 322 (1964); G. K.
Wehner, G. S. Anderson, and C. E. KenKnight, Report #3031, Applied
Science Divigion, Litton Systems.

H* + W: C. R. Finfgeld, Report #ORO-3557-15.

H* + W': C. E. Kenknight and G, K. Wehner, J. Appl. Physics 35, 322
(1964); J. N. Smith, Jr., C. H. Meyer, Jr., and J. K. Layton, Report

#GA-A13665; G. K. Wehner, G. S. Anderson, and C. E. KenKnight, Report
#3031, Applied Systems Division, Litton Systems,

Accuracy:
Unknown
Notes:

Sae Notes (7) and (8) at =nd of chapter.
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D.1.10

Sputtering Yields for ll+ on Au,

Ag, and Zr (normal incidence)

Energy Sputteving Coefficients, S

(kaV) (atoms/ion)

A Az Zr

4.0 E-01 2.4 E-03
6.0 E-01 4.6 E-03
1.0 E 00 3.0 E-02 9.5 E-03
1.5 E 00 3.1 E-02 1.6 E-02
2,0 E 00 3.1 E-G2 1.7 E-02
2.5E 00 3.1 E-02 1.8 E-02 3.2 E-03
3.0 E 00 3.2 E-02 1.9 E-02 3.4 E-03
5.0 E 00 3.2 E-02 2.1 E-02
8.0E 00 3.1 E-02 2.2 g-02
1.0E 01 3.1 E-02
1.3 E 01 3.1 E-02
References:

ll + Ag: F. Crénlund and W. J. Moore, J. Chem. Phys. 32, 1540 (1960);
C. D. O'Briain, A. Linder, and W. J. Moore, J. Chem, ri'y'.. 29, 3 (1958);
C. E. hﬂnlght and G. K. Wehner, J. Appl. Phys. 35, 322 (1966), J. N.
Saith, Jr., C. H. Meyer, Jr., and J. K, Layton, Report #GA-A13665; G. K.
Hchncr, C. S. Andcnon, and C, E. KenKnight, Report #3031, Applied
Science Division, Litton Systems.

8" + Au: C. R. Finfgeld, Report #ORO-3557-15; A. K. Purr and C. R.

Finfgeld, J. Appl. Phys. 41, 1739 {1970); C. E. KenKnight snd G. K.
Wehner, J. Appl. Phys. }2_ 322 (1964); G. K. Wehner, G. S. Andersom,
and C. E. KenKnight, Report #3031, Applied Science Division, Litton
Systems .

H* + Zr: C. E. KenKnight end G. K. Wehner, J. Appl. Phys. 35, 322
(1964) .

Accuracz H
Unknown
Notes:

See Note (9) at end of chapter.

A5 ook

o 0o e



L L T T R T A

(A®M) ADYINI
2 0 ¢ 2 0O ¢ 2 , O

2

—— -4 C
- g
M b — - -— w
- 20 §
a »
S
8

e

ny

. —

b e e et s

S TN R i R T, T g T

; 9221 -9L OMO0-INNO

L
-
-




D.1.12

Sputtering Coefficients for D' on Cu, Al, Ni, and Fe

(normal incidence)

e —— —— 4
Energy Sputtering Coefficients, S
(keV) (atoms/ion)
Cu AL
3.0E 00 3.3 E-02
7.0 E 00 7.2 E-02
1.0E 01 6.5 E-02 1.3 E-02
1.5E01 4.4 E-02
2.0E 01 3.8 E-02 8.0 E-03
3.0E 01 2.9 E-02
4.0 E 01 2.3 E-02
5.0E 01 1.9 E-02
1.0 E 02 8.0 E-03
1.5 E 02 4.5 E-03
2.0 E 02 3.1 E-03
3.0 E 02 1.9 E-03
5.0 E 02 1.1 E-03
7.0 E 02 7.5 E-04
1.0 E 03 4.6 E-04
1.2 E 03 3.5 E-04
References:

p* + Cu: G. K. Wehner, Final Rpt. to USAEC, No. 3031 (1966); 0. C.
Yonts, et al., J. Appl. Phys. 31, 447 (1960); 0. C. Yonts, ORNL-TM-2692
(1969); M. Kaminsky, Advances Mass Spec. 3, 69 (1966), single crystal
(100); V. M. Gusev, M. I, Guseva, V. P, Vlasenko, L. P. Eligtratov,
Bull. Acad. Sci. USSR, Phys. Sec. 24. 696 (1960).

p* + Al: 0. C. Yonts, ORNL-TM-2692 (1969); G. K. Wehner, Final Rpt.
tc USAEC, No. 3031 (1966).

bt + re, D' > Ni: G. K. Wehner, Final Rpt. to USAEC, No. 3031 (1966).

Accuugz :

Unknown
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D.1.14

Sputtering Coefficients for D" on sStainless Steel, Be,

Mc, and Ag (normal incidence)

Energy Sputtering Coefficients, S
(keV) (atoms/ion)

t
¥
&

1.0 E 00 2.9 E-03

2.0E 00 3.3 E-03 9.0 E-02
3.0E 00 3.7 E-03 9.2 E-02
5.0 E 00 5.0 E-02 4.4 E-03 9.2 E-02
7.5 E 00 5.8 E-02 5.3 E-03 8.8 E-02
1.0E 01 5.3 E-02 6.2 E-03 7.5 E-02
1.2 E 01 4.6 E-02 6.2 E-02
1.5E01 3.7 E-O2 7.9 E-03

2,.0E 01 2.2 E-02 1.0 E-02

J.JOEO1 2.0 E-02

1.0 E 02 5.1 E-03
1.5 E 02 4.0 E-03
3.0 E 02 2.6 E-03
5.0 E 02 1.9 E-03
7.5 E 02 1.5 E-03
9.0 E 02 1.3 E-03
References:

§+ + SS: M. 1. Guseva, Radio Eng. & Electronic Phys. No. 7, 1563 (1962).
D* » Mo: C. R. Finfgeld, Final Report to USAEC, No. OR0O-3557-15 (1967);
0. C. Yonts, ORNL-TM-2692 (1969); G. K. Wehner, Final Rpt. to USAEC,

No. 3031 (1966).

p* » Ag: F. Grénlund, W. J. Moore, J. Chenm. Phys. 32, 1540 (1960); M.
Kaminsky, Advances Mass. Spec. 3, 69 (1966), single c crystll (100); G. K.
Wehner, Final Rpt. to USAEC, No. 3031 (1966).

D + Be: G. K, Wehner, Final Rpt. to USAEC, No. 3031 (1966).

Accuracy:

Unknown
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D.1.16

Sputtering Coefficients for ot on Nb, Nb-Zr,

Ta, W, and Au (norma!l incidence)

Energy Sputtering Coefficients, S

(keV) (atoms/iom)

» ¥b-2r Ta v Au

5.0 E-01 1. E-03 1.7 E-02
7.0 E-01 1.5 E-03 2.2 E-02
1.0 E 00 1.6 E-03 7.2 E-04 2.8 E-02
1.5 E 00 1.8 g-0) 3.3 E-02
2.0 E 00 2.0 E-03 9.0 E-04 3.6 E-02
3.0E 00 2.3 E-03 9.5 E-04 4.1 E-02
5.0 £ 00 2.9 E-03 9.3 E-04 4.6 E-02
7.0 E 00 3.4 E-03 9.2 E-04 5.0 E-02
1.0 £ 01 4.2 E-03 3.9 E-04 5.3 E-02
1.2 01 8.0 E-03
1.5E01 5.4 E-03 4.9 E-03
2,001 4.6 E-03 1.3 £-03 5.1 E-03 7.9 E-04
3.0e01 3.4 E-J3 5.3 E-03
4,0 E 01 2.6 E-0)
5.5E 01 1.5 E-03

e V> —————

References:

D* + Nb and D' + Nb-Zr: A. J. Summers, et al., J. Appl. Phys. 42, 4774
(1971); 0. C. Yonts, ORNL-TM-2692 (1969),

p¥ + Ta: C. R. Finfgeld, Final Rpt. to USAEC, No. OR0-3557-15 (1976);
M. I. Guseva, Radio Eng. & Electronic Physics No. 7, 1563 (1962); G. K.
Wehner, Final Rpt. to USAEC, No. 3031 (1966).

D' - W: C. R. Finfgeld, Final Rpt. to USAEC, No. ORO-3557-15 (1976); 0.
C. Yonts, ORNL-TM-2692 (1969).

D* + Au: C. R. Finfgeld, Final Rpt. to USAEC, No. ORO-3557-15 (1976);
G. K. Wehner, Final Rpt. to USAEC, No. 3031 (1966).

Accuraéz:

Unknown
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D.1.18

Sputtering Coefficients for D,* on Be, Al, Fe, SS,

bi, Cu, Mo,

Ag, Ta, and Au (normal incidence)

Energy Sputtering Coefficients, S
(keV) (atoms/ion)
Be Fe 1} Cu Ag Isolated Points
2.0 E 00 2.1 E-O01
3.0E 00 2.1 E-01
4.0 E 00 2.1 E-01
5.0 ¢ 00 2.1 E-01
6.0 E 00 8.0 E-03 2.1 E-01
6.5 E 00 1.7 E-01
7.0 E 00 1.8 E-01 2.0 E-O1 9.5 E-02 (D2 + Ri)
7.5 E 00 3.7 E-02 3.7 E-O2 5.9 E-02 (D2 + AL}
7.5 E 00 7.5 E-02 (Dz + SS:
7.5 E 00 9.1 E-02 (p,* + Au)
8.0E 00 8.0 E-03 2.0 E-01 1.8 E-O1
9.0 E 00 3.9 E-02 3,7 E-02 2.0 E-01 1.7 E-O1
1.0 E 01 4.0 E-O2 3.8 £E-02 8.0 E-03 1.8 E-01 1.6 E-O01 1.5 E-02 (1)2 + Mo)
1,0 E 01 1.1 E-02 (p,* + Ta)
1.6 E 01 6.0 E-03

_—— —

References:

D,* + Ag: F. Grénlund, W. J. Moore, J. Chem. Phys. 32, 1540 (1960); G.
K. Wehner, Final Rpt. to USAEC, No. 3031 (1966).

2 <+ Be, Dz -’Pe,Dz "Cu,Dz » Ni, Dz + Al, Dz + 8§, Dz -+ Au,
D,* » Mo, D,* + Ta: G. K. Wehner, Final Rpt. to USAEC, No. 3031, (1966).

Accungz :
Unknown
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D.1.20

Sputtering Coerticients of D3% on Be, Al, Fe,

33, i, Ju, Mo, Ag, Ta, ani Au (normal incidence)

Energy Sputtering Coefficients, S
(keV) (atoms/iomn)
Be Fe Cu Ag Isolated Points

2.0E 00 2.8 g-01

3.0 E 00 3.1 E-01

4.0 E 00 3.2 E-01

5.0 E 00 3.2 E-01
6.0 E 70 3.2 g-01

6.5 E 00 2.6 E-01

7.0 E 00 2.7 E-01 3.2 E-01 1.5 E-01 (D, - Ni)
7.5 E 00 1.1 E-01 5.7 E-02 1.0 E-01 (p;* -+ A1)
7.5 E 00 1.2 E-01 (D;* - s$)
7.5 E 00 1.3 E-01 (D;* -+ Au)
8.0 E 00 2.9 E-01 3.1 E-O1
9.0 E 00 8.7 E-02 5.9 E-02 2.9 E-01 2.9 E-O1

1.0 E 01 7.4 E-02 6.1 E-02 2.7 E-01 2.7 E-01 2.5 E-02 (D;* -+ mo)
1.0 E 01 1.0 02 (D" + 1a)
1.1E 01 2.6 E-O1

1.2 E 01 2.7 g-01

References:

Dy*+ Ag: F. Gréndlund, W. .1, Moore, J. Chem. Phys. 32, 1540 (1960); G.
K. Wehner, Final Rpt. to USAEC, No. 3031, (1966).

All other data: G. K. Wehner, Final Rpt. to USAEC, No. 3031 (1966).

Accuracz :
Unknown
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D.1.22

Sput tering Coefficients of He' om

cl k' Al, Si. md Ti

Emergy Sputtering Coefficients, S
(keV) (atoms /iom)

1o
¥
=

@
|2

1.0 E-01 8.0 E-03 4.0 E-02 1.8 E-02 1.0 E-02
2.0 E-01 2.0 g-02 9.3 E-02 5.0 E-03 4.9 E-02 3.7 E-02
3.0 E-01 3.5 E-02 1.4 £-01 8.0 E-03 8.0 E-02 5.2 E-02
6.0 E-OL 8.5 E-02 2.5 E-01 2.1 E-02 1.6 E-O1 8.0 E-02
1.0 E 00 1.1 E-01 3.5 E-01 2.0 E-G1 9.2 E-02
2.0E 00 1.3 E-O1 3.1 E-01 1.6 E-O1 9.0 E-02
5.0E 00 1.2 E-01 1.1 <01 8.6 E-02 8.2 E-02
7.0 E 00 7.6 E-02 6.4 E-02 9.2 E-02
9.0 E 00 1.0 E-01 5.7 e-02 5.1 E-02 1.0 E-01
20E01 7.3 E-02 1.7 E-02 2.9 E-02 1.4 E-02
JJOoEOl 2.2 E-02

3.0 0 1.7 E-02

9.0E 01 1.6 E-02

References:

He* » C: D. Rosenberg, C. K. Wehner, J. Appl. Phys. 33, 1842 (1962); V.
M. Gusev, et 3l., IAE RR Kurchatov, Moscow, Rpt. No. OLS-7-75.

He* + Be: H. Fetz, H. Oechsner, 6th Int. Conf. Ilonization Phenomena
Gases, Paris (1963), II, 33; D. Rosenberg, G. K. Wehner, J. Appl. Phys.
33, 1842 (1962); G. K. Wehner, G. S. Anderson, C. E. KenKnight, Surface
Bobmerdeent Studies, Final Rpt. to USAEC, No. 3031 (1966).

He* » Al: D. Rosenberg, . K. Wehner, J. Appl. Phys. 33, 1842 (1962);
0. C. Yonts, ORNL-TM-2692 (1969); G. K., Wehter, G. S. Andersom, C. E.
KenKnight, Final Rpt. to USAEC, No. 3031 (1966).

See Notes (10) and (11) st end of chapter.
Accuracy:

Unknown

Notes:

See Notes (12) and (13) st end of chapter.
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D.1.2%

Sputtering Coefficients of e’ on

~ry b, AZ, T, andi Au

Energy Sputtering Coefficients, S

(keV) {(atoms /ion)

z » A re Au

1.0 g-01 5.0 E-02
2.0 E-O01 5.0 E-03 1.4 E-O1 4.0 E-03 2.0 E-02
4.0 E-O1 1.9 E-02 1.7 E-02 2.5 E-01 1.8 E-02 5.0 E~02
6.0 g-01 2.5 E-02 3.0 E-02 3.3 g-01 3.5 E-02 8.0 E-02
1.0 g 00 2.9 E-Q2 3.9 E-01 1.3 E-01
2.0 E 00 5.6 E-02 4.0 E-O1 2.2 E-O1
3.0 E 00 3.9 E-02 4.0 E-01
4.0 E 00 3.6 E-O01
5.0 E 00 4.3 E-02 6.5 E-02 3.8 E-O1
7.0 E 00 4.6 E-02 3.7 E-O1 5.1 E-01
1.0 E 01 4.8 E-02 6.5 E-02 3.5 E-O1 5.9 E-01
1.2 E01 5.9 E-02 3.4 E-O1
2.0 01 5.1 E-02 6.0 E-02 7.0 E-01
2.5 E 01 5.2 E-02
3.0E 01 5.6 £-02 7.1 E-O1
4.0 £ 01 5.3 E-02 6.9 E-V1
6.0 E 01 4.8 E-02 6.0 E-O01
References:

He' + Zr: B. V. Panin, Soviet Phys. JETP 14, 1 (1962); D. Rosenberg,

C. K. Wehner, J. Appl. Phys. 33, 1842 (1962).

* + Nb: D. Rosenberg, G. K. Wehner, J. Appl. Phys. 33, 1842 (1962);
A. J. Sumaers, N. J. Freeman, N. R. Daly, J. Appl. Phyl. 42, 4774
(1971); 0. C. Yonts, ORNL-TM-2692 (1969) - Also He* - ¥b-Zr.

See Notes (14), (15), and (16) at end of chapter.
Accuracy:
Unknown

Notes:

See Notes (17) and (18) at end of chapter.
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D.1.28

Sputtering Coefficients for Nitrogen lons

on Copper, Silver and Gold

Energy Sputtering Coefficients, S
(keV) (atoms/ion)
3+ Ag N+ cu Nt + cu N2' + Au
Normal 45°-30° Normal 45°-50°
4.0 E-O1 6.8 E-O1
5.0 E-01 1.1 E£00 1.8E 00
6.0 E-01 8.3 E-O1
1.0E 00 1.9 E00 2.8E 00
1.5 E 00 2.5E00 3.6E 00
2.5E 00 3.E00 4.BE 00
4,0 E 00 4.3 E00 5.7E 00
5.0E 00 40EQ 1,8E00 3.0E00 &4.6E 00
7.0 E 00 1.9 €00 3.3 E0CC 4.6E 00 6.2 EO0
i.CE Nl 32E00 2.0E00 3.4E00 4.1EO00 6.4E 00
1.5 E 01 2000 3.4E00 3.6EJ 6.6E 00
2,0E 01 2.8c600 2.0E00 3.4E00 3.6E00 6.7E 00
2.5E 01 1.9 E 00 3.7E00 6.7E 00
3.0E 01 2.7E00 1.8E 00
4.0 E 01 2,7E00 1.6 E 00
5,0 E 01 2.7E00 1.3 E 00
References:

N > Ag: O. Almen, G. Bruce, Nucl. Instr. & Meth, 11, 257 (1961); F.
Gr‘nlund W. J. Moore, J. Chem. Phys. 32, 1540 (1960).

N" > Ccu: P. K. Rol, J. M. Fluit, J. Kistemaker, Physica 26, 1000 (1960);

0. Alnen G. Bruce, Nucl. Instr. & Meth. 11, 257 (1961).

Ny > Cu: P, K. Rol, J. M. Fluit, J, Kistemaker, Physica 26, 1000 (1960);
T. W. Snouse, Rpt. NASA TN D-2235 (1964).

» Au: J. S, Colligon, C. M. Hicks, A, P. Neokleous, Rad. Eff. 18,
139 (1973).

Accuracz:
Unknown
Notes:

Nz* + Au data are not corrected for secondary electron emission.
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D.1.30

Self-Sputtering Coefficients for

Al, Ni, Cu, Ag, and Au

(normal incidence)

Self-Sputtering Coefficients, S
(atoms/ion)

Energy
(keV)

2

2.0 E-02

E-02

E-02
E-02

1.4 E-02
3.9 E-02

2.5 E-02

2.2 E-01

8
)

8.3 E-02
1.4 E-01
2.2 E-O1

3.5 E-02
5.6 E-02

E-02

E-02

3.6 E-O1

8.0 E-02

>
)

3388 38 333

) Gl ) fad 2 ) ) fat

aaLta ve nean
§3383838883333

63 £ad Cad fad a3 £a) €ad Cad Gad fad G2 Cad 6
177760738150‘
5681355891122

3333888888888

a3 Ca) 6ad €ad €a) €ad Bad 6D ) 6 6 W)

33358 88 353
EHE!B (S tad Iad fad
egene 78 9en
el NP e -y 4 [ Y]

5.2 E-01

4.2 E-01

1.1 e 0l

= | e oy el oo oond e oenf o NN NN
553 £a) fa) fa) fad fa) fa) [ad fad fad 6 ) fad £ fad B D) Bt W2
o20500050003000000005000000

2233‘566812581235123‘571235

References:

See Notes (23), (24), (25), (26), and (27) at end of chapter.

Accurac

Unknown
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D.1.32

Self-Sputtering Coefficients for Si,

- .

. av v T i T e al Geaer v
Cry, and Zn (normal incidence)

Energy Self-Sputtering Coefficients, S
(keV) (atoms/iom)

sit - si e ~cr za' +» za

E-02 1.5
E-02 E7S |
E-02 5.0 E-O1
5.8
6.2
7

E-02

E-01

E-01

E-01 4.5 E-O1
E-01 7.4 E-01
E-01 7.7 E
E-O1 1.1 E 00
E 00

E 01

E 01

E O1

E 01

E 01 4.0 E-02

&SNN hnh-Uvuwuarovoo-o- Y- W)
L}
VW OWOOOOMOWOOOO W

References:

si* » si: 0. Almen, G. Bruce, Nucl. Instr. & Meth. 11, 279 (1961).
cet - Cr: W. H. Hayward, A. R. Wolter, J. Appl. Phys. 40, 2911 (1969).
Zn* » Zn: A Fontell, E. Arminen, Can. J. Phys. 47, 2405 (1969).

Accuracy:
Unknown
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D.1.34

Sputtering Coefficients for Oxygen Particles on Copper,

Silver, Gold and Tantalum (normal incidence)

Energy S

Particle Target (keV) (atous/ion) Ref. Year
o' Cu 4.5 £ 01 1.0 E 00 1 1961
o* Ag 5.0 E 00 4.4 E 00 2 1960
ot Ag 4.5E 01 4.8 E GO 1 1961
o* Ta 4.5 E 01 2.0 g-01 1 1961
0° Ag 9.0 E 00 2.6 E 00 3 1969
o° Au 9.0 E 00 1.7 E 00 3 1969
0,° Ag 9.0 £ 00 6.0 E 00 3 1969
0,9 Au 9.0 E 00 2.8 E 00 3 1969
950 Ag 9.0 E 00 7.6 £ 00 3 1969

References:

1. 0. Almén, G. Bruce, Nucl. Instr. & Meth. 11, 279 (1961).
2. F. Gréanlund, ¥W. J. Moore, J. Chem, Phys. 32, 1540 (1960).
3. F. M. Devienne, A. Roustsn, Compt. Rend. 2688, 1362 (1969).

Accuu«_:z :
Unknown



D.1.33

Self-Sputtering of V, Fe, Zr, 5b, ¥c, Te,

and ¥¥ at 45 keV (normsl incidence)

Self-Sputtering
Elemsnt Coefficient, s
(atoms /iom)

Beference:

&

o =t N W <
+TERR

'?NFF‘NN
OB et p=t ) N OB O
MMmEmEmmmmMm

” 2888288

0. Almsn, G. Bruce, Nucl, Instr. & Meth. 11, 279 (1961).

Accurﬁ :
Unknown




D.1.36

Sputtering Coefficients for Neutroans

on Fe, Mb, ani Au

Sputteriag
Material Energy Dose Coefficient Ref Year
(Treatment) (MeV) (n/caf) (atoms/ion)
Fe (foil) >0.1{av.) 1.2 E 19(av.) 6.3 E-03(av.) 1 197%
Cu (foil) 14.1 2.4E13 <3.9 E-02 2 1968
b (crystal) 16(ay.} 3.5 E 16 £3.0 E-05 3 1975
¥b (wvorked) 16(ay.) 3.3E 16 3.0 E-05f 3 1975
¥b (vorked) 16(av.) 3.3£16 <3.0 E-05® 3 1975
¥b (cold 14 1.1 E 16 £1.5 E-05EsP & 1975
worked)
¥ (cold 14 4.6 E 15 2.5 E-O1 5 197
vorked)
In (foil 14 1.5 E 13 €3.6 E-03 2 1968
W (foil) 14 1.5 E 13 €1.1 E-02 2 1968
Au (foil) 14 1.9E 14 3.3 =-04f 6 1974
Au (foil) 14 1.9 E 14 2.6 E-04° 6 197%
Au (crystal) 14 2.3E13 3.0 E-03 7 1974
As (annealed >0.1 3.3 E 17(av.) 3.3 E-03(av.) 8 1974
crystal)
Au (foil) >0.1 1.1 E-04 9 1969
Au (foil) >0.1 4.4 E 17 1.0 E-04 10 1966
Au (foil) 14 24E13 €6.0 E-04 2 1968

—
———

fForward sputtering; PBackward sputtering.

References:

1. T. S. Bser, J. N. Annu, J. Nucl. Mater. 54, 79 (1974).

2. K. Keller, Plasma Phys. 10, 195 (1968).

3. L. H, Jenkins, T. S. Noggle, R. E. Reed, M. J. Saltmarsh, Appl.
Phys. Lett. 26, 426 (1975).

4. 0. K. Harling, M, T. Thomas, R, L. Brodzinski, L. A. Rancitelli,
Phys. Rev. Lett. 34, 1340 (1975).

5. M. Kaminsky, J. ii. Peavey, S. K. Das, Phys. Rev. Lett. 32, 599 (1974).

6. R. Behrisch, R. Giihler, J. Kalus, J. Nucl. Mster. 53, 183 (1974).

7. R. 1. Garber. G. P. Dolya, V. M. Kolyada, A. A. Modlin, A. I.
Fedorenko, JETP Lett. (Sov. Phys.) 7, 296 (1968).

8. M. A. Kirk, T, H, Blewitt, A. C. Klank, T. L. Scott, R, Malewicki,
J. Nucl. Mater. 53, 179 (1974).

9, B. P. Pairand, Thesis, Ohio State Univ., Columbus, Ohio (1969).

10. D. W. Norcross, B. P. Fairand, J. N. Anno, J. Appl. Phys. 37, 621
(1966) .
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Notes

H* + Pyrolytic graphite: R. Behrisck, et al., Max-Planck Institute
Fir Plasmephysik, Report FIPPAR-1974. Other data plotted for graphite
include; (1) V. M. Gusev, M. 1. Guseva, E. S. lonova, Yu. L. Krasulin,
S. V. Mirov, and A. V. Nedospasov, Report POLS-7-75 (1975); R.
Behrisch and B. B. Xadomtsev, [AEA International Conference om Nuclear
Fusion (1974) Paper FIAEA-CN-33/52; S. A. Cohen, Report Mactc-Q-32
(1974).

H + C: R. Behrisch, et al., Max-Planck Institute Fur Plasmsphysik,
Report FIPPAR-1974; J. X. Saith, Jr., C. H. Meyer, Jr. and J. K.
Layton, Report #GA-A13665.

" + Al: S. A. Cohen, Report #Maze-Q-32 (1974); C. E. Kenknight and
G. K. Wehner, J. Appl. Phys. 35, 322 (1964).

The sputtering yields reported by Behrisch, et al., lehnsch and
Kadomtsev, KenKnight, et al. and Wehner are for incident H'a and
ll,* ions. 11\0 erergy and y vield has been divided by ! and 3 for

+ and u, respectively to determine the vield for incident protons.

n* + Ta: R, Behrisch and R. Weissman, Phys. Letters JOA, 506 {1969);
C. R. Finfgled, Report FORD-3557-15.

Yields determined for Fe by Wehner, et al. and for SS 304 by Behrisch
were for H," and H.* incident ions. “The values for proton impact
were obtained b) dzviding the measured energy and yield by 2 and 3
for llz and H3 respectively.

Yields detcr-incd by KenKnight, et al. and Welner, et al., were for
Ilz and H3 incident ions. The values for proton iqnct vere obtained
by dividing the measured energy and yield by 2 and 3 for H* and Hy"
respectively.

Yields for W are small and difficult to measure accurately. Curve
labeled W is taken from Finfgeld's paper. Curve lsbeled W' is for
tungsten and is taken from work of Smith, et al., Kenknight, et al.,
and Wehner, et al. Ve are unable to determine the correct yields
for protons on tungsten.

The sputtering yields reported by KenKnight, et al. and Wehner,

et al. are for incident llz" and Hf ions. The energy and yield has
been divided by 2 and 3 for Ilz and H3 respectively to determine
the yield for incident protons.

He' + Si: D. Rosenberg, G. K. Wehner, J. Appl. Phys. 33, 1842 (1962);
G. K. Wehner, C. KenKnight, D. L. Rusenberg, Planet,. Spacc Sci. 11,
885 (1963); A. van Wijngaarden, B. Miremadi, N. M. A. Pinney, Phys.
Rev. 185, 490 (1969).



(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

D.1.38

de’ - Ti: D. Roseoberg, G. K. uehmer, J. Appl. Phys. 33, 1842 (1962);
G. K, Webner, G. S. Andersoe, C. E. KenKnight, Final Rpt. to USAEC
¥o. 3031 (1966); O. C. Yonts, ORSL-TN-2692 (1969).

C(45°), $Si(35°) data are not corrected for contribution of reflected
He' to sputtered iom current (Ref.-Psmin; vam Wijagaarden, et al.).

Plasme incident data are not corrected for electrom emission (Ref.-
osenberg, et al.).

He' - Ag: D. Rosenberg, G. K. Wehner, J. Appl. Phys. 33, 1842 (1962);
F. Grédnlund, W. J. Moore, J. Chem. Phys. 32, 1540 (1960); M. Koedam,
Physica 25, 742 (1959); G. K. Wehmer, G. S. Anderson, C. E. KenKnighe,
Surfasce Bombardment Studies, Final Rpt. to USAEC, Mo. 3031 (1966);

D. McKeowm, H. R. Poppa, M. G. Fox, Molecular Impact Studies, Ann. Rpt.
AD-445823 (0.N.R., GDA-DBEG4-048), 1964,

He* - Pr: D. Rosenberg, G. K. Wehner, J. Appl. Phys. 33, 1842 (1962).

He' ~ Au: D. Rosenberg, G. K. Wehner, J. Appl. Phys. 33, 1842 (1962);
G. K. Wehner, G. S. Anderson, C. E. KenKnight, Final Rpt. to USAEC,
No. 3031 (1966); A. van Wijngaarden, E. Reuther, J. N. Bradford,

Can. J. Phys L7_, 411 (1969).

Plasma incident data are not corrected for secondary electron emission
(hf.-bmur" ﬁ_ il_.).

Zr (35°) and Au (45°) data not corrected for contribution of reflected
He' to sputtered fon current (Ref.-Panin; Wijngaarden, et al.).

tet + v, Het » Cr, He' + Mo, He' ~ Ta, He' + W: D. Rosenberg, G. K.
Wehner, J. Appl. Phys. 33, 1842 (1962).

He' + Fe: D. Rosenberg, G. K. Wehner, J. Appl. Phys. 33, 1842 (1962);
G. K. Wehner, G. S, Anderson, C. E. KenKnight, Surface Bombardment
Studies, Final Rpt. to USAEC, No. 3031 (1966); D. Heymann, J. Geophys.
Res. 69, 1941 (1964).

Het + Ni: D. Rosenberg, G. K. Wehner, J. Appl. Phys. 33, 1842 (1962);
H. Fetz, H, Oechsmer, 6th Int, Conf. lonization Phenomena Gases, p. 39,
Paris (1963); G. K, Wehner, G. S. Anderson, C. E. KenKnight, Final Rpt,
to USAEC, No. 3031 (1966).

Het + Cu: D, Rosenberg, G. K. Wehner, 3. Appl. Phys. 33, 1842 (1962);
G. K. Wehner, G. S, Anderson, C. E. KenKnight, Fiznal Rpt. to USAEC,
No. 3031 (1966); 0. C. Yonts, C. E, Normand, u, E., Harrison, J. Appl.
Phys. 31, 447 (1960); 0. C. Yonts, ORNL-TM-2692 (1969).
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(24)

(25)

(26)

27)

D.1.39

ALY < Al: W. M. Maywerd, A. R. Wolter, J. Appl. Phys. 40, 2911 (1969);
0. Almen, G. Bruce, Yucl. Iastr. & Meth. 11, 279 (1%961).

u1* - Ni: A. Foatell, E. Arminen, Can. J. Phys. 47, 2605 (1969).

Cu’ + Cu: W. H. Rayward, A. R. Wolter, J. Appl. Phys. 40, 2911 (1969);
0. Alsfu, G. Bruce, Nucl. Instr. & Meth. 11, 279 (1761); M. I. Guseva,
Soviet Phys.-Solid State Phys. 1, 1410 (1959); A. Fontell, E. Arminen,
Can. J. Phys. 47, 2405 (1969); P. K. Rol, J. M, Fluit, J. Kistemaker,
Physica 26, 1000 (1960); D. Onderlinden, Can. J. Phys. 46, 739 (1968) -
Cu crystal; 0. C. Yoats, C. E. Normand, D. E. Harrison, J. Appl. Phys.
31, 447 (1960); H. B. Andersem, H. Bay, Rad. Eff. 13, 67 (1972).

Ag' ~ Ag: . W. Hayward, A. R. Wolter, J. Appl. Phys. 40, 2911 (1969);
0. Almin, G. Bruce, Nucl. Instr. & Meth. 11, 279 (1961); M. 1. Gusevs,
Soviet Phys.-Solid State Phys. 1, 1410 (1959); R. H. Andersen, H. L.
Bay, Rad. Eff. 19, 139 (1973).

Au* - Au: 4. H. Hayvard, A. R. Wolter, J. Appl. Phys. 40, 2911 (1969);
0. Almen, G. Bruce, Nucl. Instr. & Meth. 11, 279 (1961).
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D.2.2

Emission of Secondary Fl=ctrons by Electron Impact
on a Graphite Surface

(Electrons Incident Normally on Surface)

eomC

“Energy Secondary Electron
Impact BEmission Coefficient §
(keV) Electrons/Electron
1.5 E-01 7.80 B-01
2.0 E-01 9.03 E-01
4.0 E-01 9.20 E-01
6.0 E-01 7.97 E-01
8.0 BE-01 6.90 E-01
1.0 E 00 6.00 E-01
1.5E0X k.53 E-01
2.0 E 00 3.7k E-01
3.0 E 00 2.78 E-01
4.0 E 00 2.23 E-01
5.0 E 00 1.86 E-01

References:

J. Holzl and K. Jacobi, Surface Sci. 1k, 351 (1969). H. Bruining, Philips.
Tech. Rev. 3, 80 (1938).

Accuracy:
Systematic error < + 5%5. Random error < + 2%.
Notes:

See Notes (1) and (2) at end of chapter,
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D.2.4

Emission of Secondary Zlectrons by Zlectron Impact
on & Steel 3Surfsce
(Electrons Incident Normally on Surface)

e on Steel

Energy Secondary Electron
Impact Emission Coefficient §
(kev) Electroas/Electron

.02 01 3.08 E-01

6.0 E 01 2.14 E-01

€.0E 01 1.60 E-01

1.0 E 02 1.34 E-01

1.5 E 02 1.0t E-01

2.0 E 02 8.80 =-92

Reference:

J.G. Trump and R.J. Van de Graaff, Phys. Rev. 75, hi (1948).
Accuracy:

Unknown

See Notes (11) and (12) at end of chapter.
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D.2.6

Zmission of 3econdary Electrons by Zlectron Impact
on a Polycrystaline ilickel Surface

{Electroans Incideat Jormally on Surface)

e on di

Energy Secondary Zlectron
Impact Emission Coefficient §
(keV) Zlectrons/Electron
2.0 £-01 §.32 2-31
L.,0 2201 9.93 =2-01
6.0 E-J1 1.33 2 43
8.0 E-01 9.60 =201
1.0 E Q0 9.10 2231
1.5 2 30 7.80 2201
2.0 E Q0 6.86 2-01
3.0 2 20 5.52 =01
L,o 2020 4 .60 E-01

References:
A.R. Shul'man, I.R. Zakiyova, Iu. A. Morozov, and 5.A. Freidnan, Soviet

Phys. Tech. Phys. 3, 79 (1958). I.M. Bronsntein, and 3.3. Denisov,
Soviet Phys., Solid State 9, 731 {1967).

Accuracy:
Systematic error < + 5%. Random error < + 2i.
Jotes:

See Notes (2) and (3) at end of chapter.
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D.2.8

Zmission of Secondary Zlecirons by Zlectron Impact
on a Polycrystaline 5oli Surface

(Zlectrons Incident Hormally oa Surface!

e on Au
Znergy Secondary Zlectrax
Impact Zmission Coefficient §
(kev) Zlectrons/Iiectron
4.0 =203 1.29 2=32
8.0 =-03 .30 3-02
1.0 2=J2 9.60 =07
1.5 2=02 1.95 5=01
2.0 =02 2.03 =01
3.0 2-02 3.60 z-Ji
L,o 2-02 5.25 =01
8.0 =-02 .95 =-01
1.0 =01 5.97 =-01
2.0 £-01 7.22 £-01
4.9 231 8.23 01
8.0 2-01 8.83 =-01
1.3 E 00 8.24 =01
1.5 £ 00 7.12 =01
2.0E Q0 6.27 =01
L,OEZ Q0 k,20 -01
6.0 £ 00 2.62 =01
8.0 £ 00 2.16 -01
2.0 01 k.53 £-01
4.0 E 0L 3.50 0L
8.0z 01 2.50 £=01
1.0 2 02 2.12 £-01
1.5 E 02 1.43 2201
2.0 £ 02 1.00 £-01

Refeerences:
I.M. Bronstein and V.V. Roshchin, 3oviet Phys. Tech. Phys. 3, 2271 (1958).

J. Kadlec and L. Zckertova, Z. Angew. Phys. 30, 1bl (1970).” B.L. Miller
and W.C, Porter, J. Franklin Institute 260, 31 (1955).

Accuracz:

Systematic error < :_105 for E < 9 keV. 3Jystematic error unknown for
E > 20 keV. Random error < + 5%.

Notes:

See Notes (2), (7), (8), (9), (10), and (13) at end of chapter.
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D.2.10

Zmission of Secondary Zlectrons by Zlectiron Impact
on & Polyerystaline “olybdenum Jurface

(Electrons Incident dormally on Surface)

e on Mo
Znergy Secoadary Zlect:ron
Inpact Zmission Coefficient §
{xeV) Zlectrons /Zlsctiron
4.0 2203 1. 232
3.3 £-03 1.20 Z-31
1.0 2=32 1.38 z-32:
2.0 =32 2.93 =201
2.5 2=02 3.03 =31
3.0 232 L.15 231
4.3 2-32 4L.93 =08
1.0 231 7.72 Z=21
2.0 =31 3.891 z-01
4. =31 1.2T 2
0.0 =01 1.23 23
3.0 =31 1.1 2 20
1.0 2 390 1.99 2 30
2.0 =2 A T7.55 =2=31
4,3 2 20 k.52 201
6.0 E 20 3.30 201
8.2 2 20 2.99 =201

References:

Von G. Blankenfeld, Ann. der Prysik 39, 48 (1951). I.M. 3ronshtein,
Bull. Acad. Sci. USSR 22, Lk2 (1958).

Accuracy:
Systematic error < + 5%. Random error < + 27,
Hdotes:

See Notes (2), (L), a:d (13) at end of chapter.
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D.2.12

Smission of Secondary Zlectrors by Zlectiron Impast
on a Polycrystaline Tungsten 3urface

(Zlectrons Incident Jormally on Surface)

e on W

Znergy Secondary zZIlectron
impact Zmission Coeffi~iens 3
(kev) Zlectrons/Ilestran
L. 0 2233 102 2222
8.0 203 3,10 =202
1.0 2222 1.20 =201
1.5 2-32 2.90 2-0.
3.0 232 2.70 =201
2.5 222 .19 2-21
L,0 222 5.31 2201
8.0 E-02 T7.23 =31
1.0 2=01 7.93 =31
2.0 z-01 1.12 2 0)
4,0 2201 1.6k 2 )
3.0 =01 1.5 T
1.0 2 3¢ 1,302 3
1.5 2 00 1.3¢ £ 29
2.0 2 30 1.21 2 20
3.0 £ 00 9.3k -0
Log o) 7.8 z-01
8.0 00 5.64 201
1.0 £ 0% 5.19 2=01
2.0 2 01 L._00 z-01
L0 Z 01 3.00 =01
8.0z 01 2.07 Z-01
1.0 £ 22 1.79 =01
1.5 & 02 1.30 ==01
2.0 £ 2R 9.50 E=32

References:

I.M. 3ronstein, Bull. Acad. 3ci. USSR 22, ub2 (1958). I.M, Bronstein and

R.3. Segal, Soviet Phys. Solid State 1, 112 (1959). B.L. Miller and
4.C. Porter, J. Pranklin Institute 260, 31 {1955).

Accuracy:

Systematic error < + 103 for E < L keV. Systematic error unknown for
E > 4 keV. Random error < + 5%,

Nctes:

See intes (2), (5), (5}, (7), and (13) at end of chapter,
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(9)

0.2.15

Data given here are apprepriate L0 a pyrolitic graphite sampis
wiase bpasal plane {5 parsallel to tn2 syrface. For a basal plane

J.75 elextrons/2lectiron at the =maxinum. Jee R i, Wne
Pays. 3%, 771 {1juv3).

perveadicuylar to tqe surface the yiell is somewnat less, ceing

The measurement hare Is the ratio of she secondary =zmissico wlectron
flux {integrated over all final outgoing direciions) %o the inciient
alectiron fiux; it is given the symbol 3. Tnis is reiatsi 0 the
coeffisient for all =merging e¢leztrons, J, (which includes trie
secondaries and backscatterei electrons) ani %o the caefficien: for
refiection or backscattering) n; the relationship is 0 =5 + 1,
The co=fficiens n is discussed elsewh wre, a.i the co=fficient

h]

FS

For data on now the coefficient varies Wwitih iaciience angle, se2e

1.4, 3ronshtein and 3.3, Denisov, 3aviet Pays. Jolid 3tate 3, Tl
- A

V1907,

The data presen
flux of electrans irg Ir

is the sum 37 <he irue s2conidary exmissi
electron flux. 7T ore

true seccniary emiss

1 asralore
ssic ne bahxﬂ s
ar %20 bde no reiiable 1ea>x'°'nﬁts of the

The data betweern 3.1 ani 3.9 KeV were obtained by taking “he 3iffewrence
between total electron flux (0) and backscattered fiux \n) in the
work of 3ronshtein and 3egal (see cited reference!.

The Jependence of J on incidence angle may de obtained from Rronshtein
and Segal [3oviet Pays. 3Solii State 1, 1142 {1959)] by taking “he
dir'ference between the ~oefficients they call 7 ani n [see also

dote 3] above].

The data between 20 and 200 keV were sbtained by taxing the
difference between total elesiron flux and the backscattered
electron flux from the worg of Yiller and Porter (see reference
cited).

For information on how the secondary emission ccefficien® varies
with incidence angle see J. Ke:ler, Z. Pnysik 227, L27 (1969).

For information on the angular distribution of secondary electrons
see J, ¥adlec and . Eckertova, Z. Angew. Phys. 33, ibi (1970).

e e e
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(10)

(11)

(12)

(13)

D.2.16

In this case there is =& serious apparent discrepaicy between the work
of Kadlec (up to 9 keV) and that of Miller {from 20 keV upwards).
The discrepancy is probably becsuse xadlec used thin films and Miller
used a thick target. It is to be expected that 5 for a thin film
wi’l be less than that for a thick target; the difference may te
small st one keV but maybe 30% or more at 10 keV.

The data of Trump and Van de Graaf are for tocal flux of electrons
(true secondaries plus backscattered elecirons) and for the flux
with energies over 800 eV (presumably representing backscattered
electrons). We present here the difference between the two which
should represent the true secondary emission alone.

The type of steel used in this work wvas not specified,

On the graph, regions vwhere we have interpolated between data sets
are shovn by brozen lines.
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D.3.2

Secondary Electron Emission by Impect of Ioms
on a Carbon {Graphite) Target:
L L 4 L
H ,l!.‘,.ll3 on C

(Projectiles Incident Eormally on Target)

: Impact

? Bnergy Secondary Emission Coefficient y Electrons/Ion

| (kev)

f

B ' Hy'

20EQ 1.68 E 00 2.0 E 00 3.10 B 00

: BOEOL 2.15 E 00 3.12 E 00 3.97T E 00
6.0E 01 2.45 B 00 3.T0 E 00 hTT B 0O
8.0EOQ01 2.53 BE 00 k.20 E 00 5.95 E 00
Reference:

8", H2', Hy' on C: L.N. Large, V.S. Vmitlock, Proc. Phys. Soc. 79, 148

(1962).

Accuracy :

Systematic error < + 55. Random error < + 5%.
Botes:

See Notes (1) and (2) at end of chapter.
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D.3.h

Secondary Zlectron Smission by I=mpact of Ions

on a Polycrystaline Nickel Target:
I T S > .
i, dz » d3 . Je on Ni

(Projectiles Incident Normally on Target)

I=pact

Znergy Secondary Zmission Coefficient y Zlectrons/Ion

(keV)

M £ ' e

1.0 2920 1.70 2-01
.22 2.30 =01
VISR S| 3.50 2-01
6.9 35 4 40 =-01
8.0 220 5.50 201
1.0 221 6.50 2-01
1.5 £ 01 8.15 £-01
2.0 £ 01 9.60 =01 1.20 2 %0 1.38 E 00 9.60 .01
L. a1 1.25 £ 00 1.60 £ 00 1.81 = 00 1.30 £ 00
6.0 £ 31 1.45 2 00 1.97 2 00 2.25 £ 00
3.0 291 1.52 £ 20 2.2 £ 2.68 = 00

1.0 E 22 1.58 £ 00 2.65 = X 2.97T £ 00

1.2 £ 92 1.60 = 20 2.83 E 00 3.2k 2 00

1.3 £ 22 1.60 £ 20 2.95 E 00 3.30 = 00

References:

L J L 4 L 4 .

H, 32 , 33 on ¥i: L.3. Large, #4.5. Whitlock, Proc, Phys. 5oc. 79, 148
(1962).
He' on ¥i: V.A. Arifov, R.R. Rakhimov, and 0.V. Khozinskii, Bull. Acad.

3ci. USSR, Phys. Jer. 26, 1422 (1962) [Izv. Akad. Hauk 33R, 5er. Fiz.
26, 1398 (1962)].

Accuracy:

Systematic error < + 5%. Raniom error < # 2%.
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D.3.6

Secondary Electron Emission by Iaspect of Ions
on a Polycrystaline Gold Target:
* *

L 4
!l.a‘.{.‘,.!'l3 on Au

(Projectiles Incident lormally on Target)

Impact
%hor Secondary Emission Coefficient y Electroas/Ion
keV
5 ' 5

1.5E 01 1.9 B 00 2.0 E 00 2.58 E 00
2.0 E 01 1.5T E 00 2.55 E 00 2.5 E 00
k,OE Ol 1.2 E 00 2.93 E 00 3.33E 00
6.0E 01 1.9% E 00 3.20E 0 3.81 E 00
8.0E 01 1.99 E 00 3.3T E OO 1T E 00
1.0 E 02 2.00 E 00 3.8 E 0O §.3TE2 0O
1.2 E Q2 1.98 E 00 3.9 E Q0 .M E 00

grence:

F

k', Hy', Hy® on Au: L.N. Large, ¥.S. Whitlock, Proc. Phys. Soc. 19, 148

(1962).
Accuracy:

Systematic error < + 5§.

Botes:

See Notes (1) snd (2) st end of chspter.

Rendom error < + 5%.
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D.3.8

Jecondary Electron Zmission by Iapact of Ions

on a Polycrystaline Zirconium Target:

I T S 3 .
i, 3 i oalr

A
(Projectiles Inciient icrmally on Targe?)

T X

[=pact
Snerdy Seconiary Zmission Coefficient y ZlactrensiIion
{zeV)

£ £ "
1020 9.20 =-01 1.30 £ 2 1.52 2 M
2.2 1.08 £ 20 1.30 £ 20 1.73 2 79
. 231 1.3 2 30 1.9 E7 22 ER
6.0 £ 31 1.46 2 X 2.25 £33 2.63 220
3.0 £ 21 1.57 2 20 2.53 £ 00 3.7 2 90
1.0 22 1.63 2 2.75 200 3.51 2 ¥
1.2 2 R 1.792 2 2.9 £ 00 3.0 =M
Baference:
4, 4%, 43" on Zr: L.J. Large, ¥.S. whitlock, Proc. Phys. Soc. 79,
148 (1962).
Agcurtcx:

Systematic error < + 5%. Random error < ¢ 10%.

Jotes:

See JNotes (1), (2), and (3) at end of chapter.
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D.3.10

Secondsry Electron Emission by Impact of Hydrogenic

Ions on & Polycrystaline Nolybdenum Target:

> >

4 |

*» 2 v %3

(Projectiles Incident Sormslly on Target)

Ispact

Znergy Secoandary mission Coefficient Yy Zlectrous/lcn

(xeV)

i M Pl i

1.0 2-01 8.00 £-02 3.70 2-02
2.9 2-d1 9.60 E-Q2 5.50 .02 3.35 2-92
8.0 201 .90 202 1.50 E-01 1.92 2-01 4.60 =02
5.0 2-01 8.20 202 1.80 E-01 1.80 .01 7.00 2-22
6.0 E-01 1.11 =01 2.19 2-01 1.84 B.01 9.65 02
1.0 2 00 1.39 2-31 2.50 2-01 2.2k 2-01 1.25 £-01
1.5 2 00 2.25 E-01 3.29 £-01 3.16 2-01 2.05 £-01
2.02 00 3.18 £-01 3.99 £-01 5.00 2-01 2.87 2-01
5.0E 00 5.99 E-J1 5.98 E-01 6.00 2-01 5.70 =01
6.02 % 8.13 E-01 7.2h E-01 9.06 £-01 8.10 2-01
1.0E01 1.10 E 00 8.82 2-01 1.21 £ 00 1.22 £ 00
1.5 2 01 1.35 E 00 1.02 E 00 1.8 E 00 1.61 & 00
2.0E0 1.53 E 00 1.12 E Q0 1.69 £ 00
L0 EOL 1.36 E O 1.3 B 00
6.0 EOl 1.50 E 00 1.82 £ 00
1.0 £ 02 1.58 £ 00 2.01 E 00
1.2 B 02 1.8 B 20 1.91 £ 00
Reference:
H on Mo: P. Mehadevan, G.D. Megnuson, J.K. Layton, and C.E. Carlson,

Phys. Rev. 1h0, A1MOT (1955). M. Perdrix, S. Palettc, R. Goutte, and
C. Guillaud, J. Phys. D 2, hk1 (19459).

1, H2*, H;' on Mo: P. Mahadevan, G.D. Megnuson, J.K. Layton, and C.E.
Carlson, Phys. Rev. 140, ALLOT (1965). W.K.P. Losch, Physica Status
Solidi A 2, 123 (1970). M. Perdrix, S. Pasletto, R. Goutte, and

C. Guillaud, J. Phys. D 2, bkl (1969). L.¥. Large, W.S. Whitlock,
Proc. Phys. Scc. 79, 148 (1962). A.A. Doroshkin and N.X. Petrov,

Sov. Phys. Tech. Eyv 8, 257 (1963). (Zh. Tekh. Piz. 33, 350 (1963).]

curacy:
Systematic error < # 55, Random error < # 5%.
Notes: \

See Notes (1), (2), and (b) at end of chapter.
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D.3.12

Jecondary Zleciron Zmission by Impact of Hyirogenic
ions on a2 Folyerystaline Tungster Target:
L L
~ oald

{Projecsile 1ncident lormally on Targe:)

Iapact

Snergy Isrdary Zmicsion Coefficient vy Slectrons/Yon

(ke¥);

L 4
il L

5.9 Z=32 2.47 222
1.9 201 2.90 =02
1.5 £-01 3.39 E-Q2
2.0 =-01 3.90 =92
4.5 Z-01 g 50 2.0
.0 2-01 .29 222
8.0 2-3: 3.2 702
1020 1.11 2-01
2.0 2 2.19 291
%0 22 %.33 2-01
6.0 £ 20 6.20 201
8.2 2230 8.31 =01
1.9 £ 01 1.00 2
2.0 z o1 1.5T E 00
4.0 £ 01 2.15E %
6.0 E 01 1.57 E 00 2.50 £ 00
8.0 £ 01 1.62 £ 00 2.789 =00
1.0 2 32 1.64 £ 00 3.02 E 00
1.2 £ 02 1.64 E 00 3,21 £ 00
1. E 22 1.64 £ N0 3.26 £ 120
2.0 E 02 1.56 £ 00
m‘!mnces:

g + #: R.J. Iwing, Phys. Rev. 139, A 1840 (1965).

Hy' + W: P.M. Propst and Z. Liscaer, Phys. Rev. 132, 1037 (1963).
A.A. Dorozhkin and N.N. Petrov, Soviet Phys. Tech. Phys. 8, 257 (1963).
{zh. Texh. Fiz. 33, 350 (1963).] L.¥. Large, Proc. Phys. 3oc. 81,
1102 (1963).

Accuracy:

Systematic error < + 5-. Random error < # 5%.
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D.3‘1~

Secondary Electron Emission by Tmpact of Helium
Ions on a Polycrystaline Molybdenum Target:
e’ He?* on Mo

(Projectiles Incident Normally on Target)

Impact

Energy Secondary Emission Coefficient Yy Electrons/Ion

(keV)

2+ +
He He

1.0 E-02 7.13 £-01 3.00 £-01
5.0 E-02 7.11 E-01 2.88 £-01
1.0 E-01 T7.17 E-01 2.78 =901
2.0 2-01 7.25 E-01 2.6k E-01
4.0 2-01 T7.56 2-01 2.k9 E-01
6.0 2-01 T7.77 2-01 2.50 E=01
§.0 2-01 T.18 E-01 2.60 E-01
1.0 2 00 T.35 2-01 2.76 E-01
2.0ECO 3.66 2-01
4,0 £ 00 5.22 E-O1
6.0 £ 00 6.82 2-01
8.0 £ 00 8.30 £-01
1.0 E01 9.66 E~O1
2,0 2 01 1.5 £ 00
LOEZO1 2.22 2 00
References:

He2+ on Mo: H.D. Hagstrum, Phys. Fev. 89, 2uk (1953),

He* on Mo: H.D. Hagstrum, Phys, Rev. 104, 672 (1953). P. Mahadevan,
J.K. Layton, DB, Medved, PLys. Rev. 129, 79 (1963). D.W. Vance, Phys.
Rev. 169, 252 (1967). V.A. Arifov, R.R. Rakhinov, 0.V. Khozinskii, Bull.
Acad. Sei, USSR 26, 1k22 (1962) [zh. Akad, Nauk, SSSR, Ser. Fiz, 26,
1398 (1962)]. V.G. Tel'kovskii, Soviet Phys., Doklady 1, 334 (1956).
ASCuIaCY:

Systematic error < ¢ 2%, Random error < + 2%.

Notes:
See Notes (3) and (5) at end of chapter.
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D.3.16

Secorndary Zlectron Zmission by Impact of Ions

and Atoms on a Polycrystaline Tungsten Target:
He’, He, 0’, 02’ on W

(Projectile Incident lormally on Target)

Impact

Cnergy Secondary Zmission Coefficient Yy Electroms/Ion

(keV)

e ie® 0" 07"

1.0 =~ 2,92 2-01

5.0 2=-92 2.73 =01
1.0 2291 2.63 E-01
1.5 201 2.5T 2-01
2.0 2=01 2.50 =01
3.0 2=01 2.41 E-C1 4,00 =233
L,2 2-01 2.39 c-01 2.00 2=92
6.0 Z<01 2.39 Za31 5.9 Z=0c¢
8.0 =01 2.44 E2D1 7.40 £=02
1.2 2 Q0 2.52 =01 1.90 £-31
2.3 2 00 3.40 E=-Q01 2.26 =-0i
5,22 00 5.18 =01
6.3 2 O 6.8C 2-01
8.2 2 N 3.17 2-31
1.9 2 31 9.32 zZ-01
2.2 2 J1 1.%2 2 20
4,0 £ 01 2.36 2 00 2.76 £ 00 3.38 £ 00
¢.0 2 01 2.4 2 20 3.2 £ 00 LT = 00
8.0 £ 21 2.T4 £ 00 L,05 2 00 5.42 £ 00
1.0 2 32 2.98 £ 00 4,60 £ 00 6.21 £ 00
1.2 2 2 3.11 E 00 5.1k £ 00 6.81 £ 00
1.k £ 02 3.16 E 00 5.57T E GG

References:

He' + 4: H.D. Hagstrum, Phys. Rev. 104, 317 (1956). V.A. Arifov,

R.R. Rakhimov, and 0.V. Khozinskii, Bull. Acad. Sei. USSR, Phys. Ser. 26,
1b22 (1962). [Izv. Akad, Nauk 35SR, 3er. Fiz. 26, 1398 (1962)]. L.¥.
Large, Proc. Phys. 3oc. 81, 1101 (1963),

He® + W: H.,4. Berry, J. Appl. Pnys. 29, 1219 (1958).

o and 0,* + W: L.¥. Large, Proc. Phys, Soc. 81, 1101 (1963).

Accuracy:

Systematic error < 4+ 5%. Random error < + 2%,

Notes:

See Note (6) at end of chapter,
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D.3.18

Seconiary Zlectron Zmission by Impact of Oxygen

Ions on a Polycrystaline Molybdenum Target:

0=, 0%, 0.7, 0.7

’2'2“"‘%

(Projectiles Iacident Normally on Target)

Impact

Znergy Secondary Zmission Coefficient y Electrons/Ion

(keV)

o o %" 02"

5.9 2=02 L.10 2-02 2.7h 2-02
1.0 E-01 L.20 2-02 2.75 -2
2.) =01 5.30 2-02 2.80 E-02
L.0 E2-01 9,00 =-03 8.10 202 3.06 202 1.0 203
0.0 E~J1 2.00 2-02 1.20 =01 3.40 2202 1.08 2-02
8.0 =-01 3.50 2-02 1.k2 E-01 L, 38 2-02 2.03 =02
1.2 3 5.7k 2-02 1.78 2-0% 6.00 £-02 3.25 2-02
1.5 £ 00 1.05 201 2.41 2201 1.05 Z-C1 6.10 2-02
1.8 2 00 1.58 £-01 3.20 2-01 1.58 2-01 8.80 =02
2.0 2 00 1.8 =.01 3.32 E-01
L.0E 0D L.,08 2-02 5.71 201
8,020 7.61 £-01 9.20 2-01
1.0 £ 01 9,06 Z.71 1.08 £ 00
1.5 01 1.2k = 00 1.0 £ 00
2.0 221 1.50 £ 20 1.67 £ 00
2.5 E Q1 1.72 E 90 1.90 E 00
3.0 01 1.89 E 00 2.08 £ 00
References:

0% and 0" on Mo: P. Mahadevan, G.D. Magnuson, J. K. Zaytoa and C.E.
Carlson, Phys. Rev. 140, AlLOT (1965). M. Perdrix, S. Paletto, R. Goutte,
and C. Guillaud, J. Phys. D 2, Lhl (i969).

02% and 0,7 on Mc: P. Mahadevan, G.D. Magnuson, J.K. Layton, and C.E.
Carlson, Phys. Rev. 1L0, A1LOT (1965).

Accuracy:

Systematic error < + 5%. Random error < * 2%,
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(1)

(2)

(3)

(&)

(5)

(o)

D.3.21
Notes

All reported studies indicate D’ ions behave the same as I
of the same velocity. See for example L.¥. Large and W. 3.
Whitlock, Proc. Phys. Soc. 79, 1k8 (1962).

There is evidence that secondary emission coefficients for H:’ impact
are approximately twice that for H of the same velocity; similarly
the coefficient Zor H;* is approximately three times that for #*

of the same velocity [see for example L.i. Large and 4.5. Whitlock,
Proc. Phys. Soc. 79, 148 (1962)]. In the absence of direct measure-
ments for H3* and H3* it is possible to estimate coefficients by
scaling from 2* data by this rule.

For information on the secondary electron emission coefficient as
a function of incidence angle, see I.W. Evdokimov et al., Physica
Status, Solidi 19, 40T (1967).

For information on angular distributions of electrcns, see for
example ¥.i.P. Losch, Physica Status 3olidi (a) 2, 123 (1970).

For further information on the dependence of y with incidence angle,
see D.4. Vance, Phays. Rev. 169, 252 (1967).

For information on the dependence of secondary emission flux with
angle, see H.J, Klein, Zeits, fur Fhysik, 188, 78 (1965).
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D.h.2

Backscattering of Electrons Resulting from
Electron Impact on a Graphite Surface
(Electrons Incident Bormally on Surface)

eonC
Energy of Backscattering
Impact Coefficient n
(keV) Electrons/Electron
1.0 BE-O1 1.27 B-01
2.0 E-01 i.25 E-11
5.0 E-01 1.25 E-01
8.0 E-01 2k E-01
1.0 B 00 1.28 E-01
1.5E 00 1.19 E-01
2.0 E 00 1.16 B-01
4.0 E 00 1.05 E-01
8.0 E 00 9.450 E-02
1.0E 01 9.00 B-02
1.5E 01 7.00 E-Q2
2,0 E 01 T7.20 E-02
L0 E 01 7.8 E-02
8.0 E 01 8.20 B-02
1.0 E 02 8.00 E-02
1.5 B 02 7.50 E-02
2.0 E 02 T7.00 E-02

References:

J. HGlzl and K. Jacobi, Surface Sci. 1b, 351 (1969). P. Palluel,
Comptes Rendus 254, 1492 (1947). R.W. Dressel, Phys. Rev. 1kk, 332

(1966).
Accurscy:

Systematic error < + 5%5. Random error < ¢ 5%,

Notes:

See Notes (1), (2), and () at end of chapter.
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p.L.k

3ackscattering of Zlectrons Resuiting from
Zlectron Impact on a Steel Surface
(Zlectrons Incident dormally to Surface)

e on Steel

zZnergy of Bacuscattering
Impact Coefficient n
{keV; Zlectrons/Electron
5.3 T o1 9.20 E-02
8.3 231 1.58 E-01
1.0 2 1.66 E-01
1.5 2 22 1.85 £-01
2.0 2 22 1.92 E-01
3.0 2 1.96 E-01

Reference:

J.G. Trump and R.J. Van de Graaff, Pnys. Rev. 75, 44 (19L9).
Aczuracy:

iUnknown

See Jotes (i) and (») at end of chapter.
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D.k.6

Bacikscattering of Electrorns Resulting from

Electror Impact on = Polycrystaline Iron Surface

(Electrons Incideiat JIormally to Surface)

e on Fe

Snergy of

Irpact Backscattering Coefficient n

(keV) Electrons/Electron
3.0 =-01 2.22 =01
L,0 E-01 2.20 E-01
8.0 E-J1 2.20 2-01
1.0 200 2.20 £-01
2.0 £E 00 2,30 =-01
4.0 £ 00 2.76 2-01
8.0 2 20 2.93 2-01
1.0 2 00 2.99 =01
1.5 £ 3G 2.93 E-01
2.0 2 00 2.76 =01
3.0 2 CO 2.4y 01

References:

E.J. Sternglass, Phys. Rev. 95, 345 (1954). P. Palluel, Comptes Rendus
2L5, 1492 (1947). 2=. Weinryb and J. Philiber:, Comptes Rendus 258,
G535 (1964).
Accura
Systematic error < + 52. Random error < + 5i.
Notes:

See Notes (1) and (L) at end of chapter.
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D.k.8

3ackscattering of Zlectrons Resulting from

Zlectron Impact on a Polycrystaline lickel Surface

(Zleastreons Incident Jdormally to Surface)

e oa Ni

Znergy of
Inpact Backscattering Coefficient n
(keV) Electrons/Electron
2.0 E=JL 2.0 2-01
L.J 2-01 3.3y 2-01
8.3 =01 3.59 E=QJ1
1.0 2 0 3.23 =01
1.5E 00 2.97 E-01
2.3 2.95 E=01
L.OZ O 2.99 201
8.0z 30 3.06 £-01
1.02 01 3.07 2-01
1,52 01 3.0k E-O1
s 020 2.97 =01
3.0 01 2.7¢ E-01
References:

A.R. Shul'van, I.R. Zakiyova, Iu. A. Morozov, and S.A. Fridrikhov,
Soviet Phys., Tech. Fhys. 3, 79 (1958).

245, 1492 (1947).
535 (1964).

Accuracy::

Systematic error < & 5%.

Notes:

P. Palluel, Comptes Rendus

£. Weinryb and J. Philibert, Comptes Rendus 258,

Random error < + S%.

See Notes (1), (3), and (L) at end of chapter.
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D.k.10

Backscattering of Electrons Resulting from
Electron Impact on a Polycrystaline Gold Surface
(Zlectrons Incident Yormally to Surface)

e on Au

Energy of
Impact Backscattering Coefficiemt n
(xeV) Electrons/Electron
0.0 2-03 T7.15 E-02
2.0 E-03 8.40 E-02
k.0 =03 8.80 £-02
8.0 E-03 1.41 £-01
1.0 £=-02 2.00 2201
1.5 E-02 1.48 2-01
2.0 2202 9.40 .02
k.0 2-02 6.80 =-02
8.0 2-02 1.15 201
1.0 2-01 1.30 =-01
1.5 2-901 1.56 E=01
2.0 2-01 1.75 =01
5.0 E-01 2.21 E-O1
8.0 E-01 2.67 2-01
1.0E 00 2.80 £-01
1.9 E 00 3.10 =01
2.0 E 00 3.33 E-O1
L0 E 00 3.83 E-01
8.0 2 00 L.kc 2-21
1.02 01 k.56 2-01
1.5 2 01 b.83 E-01
2.0 E 01 Lh.95 B2-01
4,0 E Q1 5.08 2-01
8.0E 01 5.1k E=01
1.0 E 02 5.12 E-Q1
2.0 E 02 k.73 E-O1
k.0 2 02 k.51 E-O1
Deferences:

I.M. Bronshtein and V.V. Roshchin, Soviet Phys. Tech. Pnys. 3, 2271 (1958).
K.H. Stehberger, Ann. Physik, 86, 825 (1928) [as quoted by E.J. Sternglass,
Phys. Rev. 95, 365 (1954)]. J.E. Holliday and £.J. Sternglass J. Appl.
Phys. 28, 1159 (1957). H. Drescher, L. Raimer, H. Seidel, Z. Angev. Phys.

» 3?1 (1970). B.L. Miller and W.C. Porter, J. Pranklin Inst. 260, 31
1955).

Ecunc! 4

Systematic error < ¢+ 107. Random error < # 5%. |

Notes: ‘ |
See Notes (1) and (b) at end of chepter.
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D.b-lz

Backscattering of Electrons Resulting from
Electron impact on a Polycrystaline Molybdenum Surface

{Zlectrons Incident Jormally to Surface)

e on Mo
Erergy of
Impact Backscattering Coefficient n EZlectrouns/Zlectiron
(keV)
1.0 233 T.00 =32
2.0 £=33 1.17 =01
L,0 =03 1.33 =201
8.0 =33 1.33 =01
1.0 £2=02 1.33 2-0%
1.5 £-02 9.20 £=-02
2.0 2=02 6.50 =02
4.C Z=-02 6,00 £=02
8,0 =32 9.20 Z-02
1.0 =01 1.05 2=01
2.0 2«01 1,50 2=01
L.,0 2=01 1,67 £-01
8.0 =01 2,00 2=J1
1.0 00 2,16 2-01
1.52 00 2.50 B~01
2.0 ® 2.75 =01
L.0 2 00 3.45 2-01
8.0 £ X0 3.66 E-01
1.0E 0 3./0 2-01
1.5E 31 3.75 =01
2,02 01 3.75 £-01
References:

1.M. Bronshtein, Bull., Acad. Sci. USSR. 22, kk2 (1958). E.J. Stemnglsss,
Phys. Rev. 95, 345 (1954). P. Palluel, Comptes Rendus 2u5, 1492 (1947).

Accuracy:
Systematic error < ¢ 107, Random error < # 5%,
dotes:

See dotes (1) and (L) at end of chapter.
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8, 4535 (

Electrons/Electron
Random error < ¢ 5%,

Backscattering Coefficient n

785999433333 73388883 533328
000005000000000500000000000
12“81123&812“8112 48123-.8123

(Electrons Incident dormslly to Surface)
e on W
Soviet Puys. Solid State
Rendus
M (

D.b.1h
Backscattering of Electrons Resulting from
EZlectron Impact on a Polycrystaline Tungsten Surface

I.M, Bronshtein, Bull, Acsd. Sci. USSR, 22, M2 (1958). I.M. Bronshtein

Systematic error < + 10%.

J. Philibert, Comptes
Greaff, Phys. Mev. T3,

A

ad R.B, Segal,

Refezences:

Energy of
Impect
(keV)

Notes:
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(1)

2)

(3)

(&)

(5)

(6)

D.h.17

dotes

The measurement here is the ratio of the reflected or backscattered
electroa flux (integrated over all final outgoing directioas) to
the incident electron flux; it is given the symbol n. This is
related to the coefficient for sll emerging electrons, g, (wvhich
includes true secondaries and backscattered electrons) and to the
coefficient for true secondary electron emission §; the relationship
iso=§ + n. The coefficient § is discussed elsevhere and the
coefficient 0 can obviously be generated by this equation.

At energies between <20 and 200 keV we have used the wvork of Dressel
(Phys. Rev. 1hib, 332 (1966)]; this is in fect an interpolation
betveen Palluel’s work (£ < 20 keV) snd Dressel's measurements at
high energies (£ > 730 keV). However, based on the spperently
slov mariation of n with £ indicated in Dressel’s paper, oae would
expect this to be reasonably sccurste.

For information on how n varies with angle of incidence, see

I.N. Bronshtein and S.5. Denisov, Soviet Phys. Tech. Pnys. 3,

731 (1967). It should be a0oted that the values of n given for
normal incidence are not consistent vwith those adopted in the
tabular data ve preseat. T.ere is no obvious explenation for this
discrepancy. One can, hovever, use the relative variation with angle
in complete confidence.

On the greph, regions vhere we have interpolated between data sets
are shown by broken lines.

For an indication of how n varies with incidence angle, see the
work of I.M. Bronstein acd R.B. Segal’, Soviet Phys. 3o0lid State
1, 112 (1959).

The type of steel used here is unspecified. There seems some
possibility that the data are inaccurate towards lower energies.
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D.5.2

*

3

Mux of scattered K’ end B integreted
over all scattered particle energles.

Primary Ion Energy: Various
Mngle of Incidence a: 80°

iagle of Emergence B: 55°

(Data are for K® impact - for H°, lz’,-an;uemulw.)

Scattering of K, B°, I,*, end B from Solid Copper

Energy of Particle Flmx
Incident (Arvitrary Units)
B*, (kev) Scattered Scattered
!: l° * H’
$.0E 00 1.7 E-3
1.0E 01 2.9E M 1.9 E-3
1.5k 01 +.2 B=h 2.1 E-3
2.0E 01 %.1 BE-A 2.2 E=3
2.5k 3 5.7 BE-b 2.2 E=-3
3.0E01 5.9 B-A 2.0 -3
3.5201 6.1 E-& 1.8 E-3
b.OB G 6.2 B-b 1.6 E-3
d.5E 01 1.3 E-3
Reference:

5’ + Au, Experimentel: K. Morite, H. Akimune, T. Suite, Jepenese J.
Appl. Puys. T, 916 (1968).

Accurwey:
Bandon error < * 5%.
Bote:

K%, 1;°, acd Ny’ inpact. Yields of voth B' end B° + B® are found to be
the seme a8 for K* impact at the corresponding welocity.
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D.5.k

Scattering of H' from Solid Copper

L
Flux of scattered H (:ntegrated over all scattered energies)
as a function of emergence angle for various incident angles.

Primary Ion Energy: 21.6 keV
Angle of Incidence a: 82°, 75°, T0°, 65°
Angle of Emergence B: Various

Angle of H' Flux (Arbitrary Units)
Emergence
8 (degrees) Incidence Angle (Degrees) a

300 50 700 650
1.0 £ 01 1.7 =1 1.3 E-1 5.0 B=2
2.0E01 2.L 3. 1.8 z- 9.G E-2 6.0 E-2
3.0 £ G1 3.8 £-1 2.5 BE=1 1.h E-1 9.0 E-2
4,0Z01 5.5 B=1 3.9 z=1 2.0 -1 1.2 E-1
5.0 2 0L 8.2 z-1 L.8 2-1 3.0 E-1 1.5 2-1
6.3 £ 0L 9.5 E-1 Lk,5 =1 3.2 5-1 1.5 B-1
T.0 2 02 6,2 -1 1.9 -1 1.6 2-1 B.0 2=2
8.0z 01 1.3 £-1 2.0 =2
Refarence:

#* + Cu, Experimental: K. Morita, Y. Akimune, T. Suita, Japanese J. Apfl.

Phys. T, 916 {19€8).

Accuracz:

Random error < # 5%.
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D.5.6

Scattering of K from Solid Beryllium, Niobium, and Tantalua
Energy Distribution of Neutrals Plus Ions
Primary Ion Energy: 9.25 kev

Angle of Incideance a: 0°
Angle of Emergence B: L5°

Energy of Particle Flux
Emerging (Arbitrary Unite}
Particle

(keV)

¥
|8
.

1.0 E 00 2.2 E 6.8EO0 k220
2.0 E 00 9.2 BE-3 3.6 EO0 3.TEOD
3.0E 00 L.0 E-3 1.6 20 2.TEO
L0 B 00 2.3 E-3 1.1 20 1.9EO0
5.0 E 00 2.0 E-3 1.0EBO0 1.570
6.0 E 00 1.2 E=3 7.9 E-1 1.2 EO
7.6 E 00 5.0 E-4 5.0 B=1 9.0 E-1
8.0E X 5.0 E-b 5.0 E-1 7.0 -1
9.0 £ 00 5.0 E-1
Reference:

H* + Be, #b, Ta, Experimental: P. Meischner, H. Verbeek, Proceedings
of Conference on "Surface Zffects in Controlled Thermonuclear Devices and
Reactors,” Argonne, Illinois, January 197k (Unpublished).

Accuracy:
Random error < + 10%.
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D.5.8

Scatteriag of D* from Soiid Niobium—
Energy NMistribution of Scattered D’
Primary Ion Znergy: 60, %0, and 20 keV

Angle of Incidence a: 0°
Angle of Zmergence 8: Integrated Over All Emergence Angles

Energy of Particle Flux
tmerging (Arbitrary Units)
Particles Impact Energy
(kev)

20 keV LC keV 60 keV
1.0 E 20
2.0 £ 00 2.125 8.0EL L5 =4
4.0 £ 00 2.1 E5 85EL 5.L2h
6.0 E 00 1.TES 8.2E L 5. 24
8.0 £ 00 1.3 E5 TO0EL LBEZL
1.0 E 01 9.6 £ & 5524 Loz &
1.5 € 01 LOEL 3.2E b 2.TZ L
2.0E 01 20E L 1.2 4
2.5 £ 01 1.LEL 1.3 E 5%
3.0E 01 1.0E b 1.0 &
3.5E 01 8.0E 3 8.0E 3
L.OEO1 6.8 E 3
k.5 2 01 6.0 £ 3
5.0 E 01 5.k = 3
5.5 E Ol €123
6.0E 01
Reference:

D' + Mo, Experimental: G.M. McCracken, N.J. Freeman, J. Phys. 3. 2,
661 (1969).

Accuracy:
Unspecified
Notes:

The reference =ited provides a computational procedure for estimating
energy distributions for any target.
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D.5.10

Scattering of K* from Soiid Molybdenum-
Znergy Distributions of Charged and lJeutral Particles
Primary Ion Znergy: 18.5 keV

Angle of Incidence a: 25°
Angle of Emergence f: 20°

Znergy of Particle Flux (Arbitrary Units)
tmerging

Particle

(iceV) leutrals Ions

1.9 2 32 2.3E1 2820
2.0 2 00 1.T21 2.TEB O
3.0 2 00 1.2e21 2.520
L0z 00 9.3 20 222 0
5.0 6.920 1.820
7.5 £ 00 3.2 0 1.22 0
1.0 2 01 2.4 EO 8.0 2-1
1.2 E 01 2220 6.0 -1
1.5 2 01 1.8E0 L.0 2-1
1.7TE 21 6.0 E-1 3.0 -1
1.8 £ 01 2.0 2-1 2.0 21

H' + Mo, Experimental: P. Meischner, H. Verbeek, "Procesdings of
Conference on Surface tffects in Controlled Thermonuclear Devices and
Reactors,” Argonne, Illinois, January 1974 (Unpublished).

Accurucy:

Random error < # 10%.
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D.5.12

Scattering of #* from Solid Aluminum, Molybdenum, and Gold-

Percentage of Ions Backscattered (as 4% and K®)
vith Energy Greater than ! keV.

Primary lon Energy: Various
Angle of Incidence a: 0°
Angle of Emergence 3: Integrated Over All Zmergence Angles

Eaergy of Percentage of Projectiles
Incident
Particle Reflected vith E > ] keV

(kev)

AL Mo Au

5.9 £ 30 L5z0 LOE1L
1.2z 01 2.5: 0 2.31 T.0E 1
1.52 21 1.5 1.bz1 Lozl
2.0z 01 1.0E0 9.5 0 3.5 21
2.5 01 7.0 2-1 6.6 0 2.5z 1
3.0 01 5.2 3-1 L9=o 1.8z 1
3.5 £ 01 k.2 E-1 LOEDO 1.L 21
L0 =z 01 3.5 2-i 3.LZ0 1.2 £ :
5.0E 01 2.7 2=1 26E0 g.8z0
6.2 201 2.2 =1 2.0E0 6.8z0
7.0E N 1.9 2-1 1.6 20 5.52 0
23,0201 1.7 2=1 1.3-0 LTEO
9.0 0L 1.5 2-1 1.1 E0 LOZO
1.0 £ 02 1.3 2-1 9.0 -1 3.5z 0
Reference:

#* + Mo, Theoretical: G.M. McCracken and N.J. Freeman, J. Phys. B 2,

561 {1969).
Accuracy:
Unspecified.

The reference cited provides a computational procedure for estimating
backscuttering flux for any target.
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D.5.14

Scattering of Ko, K*, Hy*, and Hy* from Solid Gold-

Flux of Scattered H* and H° Integrated
Over All Scattered Particle Energies.

Primery Ion Energy: Various
Acgle of Incidence a: 80°
Angle of Emergence 8: 55°

*

(Dats are for #° impact - for #°, H and H.' see note below.)

2° 3
Energy of Particle Flux
Incident (Arvitrary Units)
4, (kev) Scattered Scattered

[
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[l o 2 SIS I ST SR AN B SO 8
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FNOtWw hTW W
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w
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WwWOoOWVMOoOWmowo o
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Reference:

#' + Au, Experimental: K. Morits, H. Akimune, T. Suitas, Japanese J.
Appl. Phys. T, 916 (1968).

Accurecy:
Random error < + 5%.
Note:

H°, H2", end #;" impact. Yields of both #® and H® + H® are found to be
the same as for H* impact at the corresponding velocity.
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D.5.1€

cattering of He® and 0% Isas rrom Solid Molybdenue-
Reflection Coefficient of the Scattered Ioms.

These Jats represent thne ratio of the reflected ion
flux tc the incident ion flux.

Primary Ica Znergy: Various
Angle of Iacidence x: 90°
Angle f Zmergence 3: [ntegrated Ovar All Angles

gaergy of Reflection Coefficient
[ncident Wz
Particles
(keV) Ircidenat Incident
ge* 5*
. 9 o) 3.2 2
. Il L322

Il
i
al
o
ol
m
0l
Jl
a1
ol
)3
o1
02
02
Q2
02
02
02
02
02
Ge
22

[ ] . e
OB ARV EWRNFOOOOOOVOVONOWOW
L ] . & %

LR )
t« e
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[ O ¢
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L]
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W sty el ¥

Reference:

He’ and 0’ + Mo, Experimental: Ya. M. Fogel', R.P. Slabospitskii, and
A.B. Rastrepin, Soviet Phys. Tech. Phys. 5, 58 (1960).

Accuracy:

Unspecified. The validity of the technique used for this measurement has w

nct been independently confirmed and the accuracy of the data {s therefore !
suspect,
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D.5.18

Scattering of He' from Solid Tungsten-
Reflection Coefficient of the Scattered Ions.

These data represent the ratio of the refliected ion
flux to the incident ion flux.

Primary Ion Energy: Various
Angle of Incidence a: 990°
Angle of Emergence f: Integrated Over All Angles

Energy of Reflection
Incident Coefficient
Particle (%)
(kev)
1.0 E-01 1.6T =0
2.0 E-01 1.80= 0
3.0 E-01 16520
L,0 E-01 1.50 £ 0
5.0 E-01 1.0 B O
6.0 E-OL 1.3 0
7.0 E-02 1.43E0
8.0 E-01 1.55E20
9.0 E-01 1.70E 0
1.0 E 00 1.90E 0
Reference:

He' + W, Experimental, H.D. Hagstrum, Phys. Rev. 123, 758 (1961).

Accuracz:
Unspecified.
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Transport Properties of Electrons, Ions, and Neutrals
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E.l1 Electron Drift Velocities and Diffusion

W2

Al



E.1.S

Definitions, Relationships, and References

>

Y3 = drift veiocity cf 2lectron = average velocity o2 irif: alon
field ijnes in a gas exposed to a constant, uniform electric
field, =. vy is usually expressed in om/sec.

- -y - N - - > . % i m

LY = mobility of electron, defined by the emuaion vi =S =, XIS
usually expressed in en? Vesec.

2/ = electron energy parameser = ravis of electric fiell intensity
to gas number Jensity. /.0 Is asually expressed in qni=s o7
volts/cm}/(liem?) = Tocat.

. - - ~ 317 ..
T3 = anit of /A, tae "Townseni™ = 12 V' veea?.

- ~ !

P J J'

A
D = 2 J., 2| = electron 1iffusion tensor.
I
2 J D,
L

DL = (scalar) longicuiinal 2iffusion cosfficient = coefficient of
diffusion ai.ng electiric "ield.

DT = {scalar) transverse 4iffusicn coeffi~ient = roefficient of
2iffusion transverse 20 clectric fiold.

DL/K and D,/{ are measures of the average eleciron energy at a given 24,
'S

In the limit Z/0 + 3, D =D_ = D, tae scalar 1iffusion coefficient.
L T *
For electrons in a given gas at a given temperature, tae 2rift veloci?;
4 L ]
mobility, 1iffusion coefficients, ani average energy zre func-ions of
Z/% alone.

Ty = electron momentum transfer cross section (considering aaly
el elastic impacts), defined by the egquation

q, =/ (1 -~ cos O I_.{0) aq,
“el 8 v
where O is the scattering angle in the center-of-mass system
ani Is(O)dﬂhM is the differential scattering cross section,

L4

I

General references which contain much data not presented here are: "The
Diffusion and Drift of Zlectrons in Gases,” by L. G. H, Huxley and

R. 4. Crompton, 4iley, dew York (1974) and "Low Energy Zlectron Collisions
in Gases" by A. Gilardini, Wiley, dew York (1972).
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E.1.6

The Momeatum Transfer Cross Section for

Zlastic Collisions of zZlectrons in A,

s?:;f' Ume}
‘e (cm?)
1.0 =02 7.3J 2-i6
2.0 E-D2 8.0 =-i6
4,0 =02 3.9¢ =-16
1.9 2-02 9.95 216
1.0 2-01 1.235 2-15
2.0 E=J1 1.2 =15
L.J 2-01 1.39 =-i5
7.0 E-01 1.63 2-i3
1.1 2% 177 2-1
1.6 £ 3 1.83 =-55
2.0 1.80 =15
4.0 200 1.62 =15
7.0 3 1.10 =-i5
1.0 2 01 9.15 2-16
2.0 2 01 5.84 =215
L.0o =z ol 3.45 =16
7.0 £ 91 2.34 2216
1.0 = 02 1.83 2-16

References:

R.4. Crompton, D.K. Gibson, and A.I. McIntosh, Aust. J. Phys. 22, T15
(1969).

A. Engelhardt and A.V. Phelps, Pnys. Rev. 131, 2115 (1963).

L.G.i. Huxley and R.4. Crompton, The Diffusion and Drift of Electrons in
Gases, John Wiley and Sons, Jew York, 1974, p. 623, 625.

Accuracz:

The total error is believed not to exceed + 5%.
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E.1.8

The Jri?r Velocity vy arid tne RFmrio T_ X Tor Zlectroms
in 3. a5 a Function of /4 et Two Temparatyres

2/3 4 dp/K £/ va Dp/K
Td) T=TT°K T=TT°K (Td) T=293°K T=293°%%
{cem/sec) { volts) (ca/sec) (cm/sec)

2.3 2=33 .70 2«03 2.0 202 3.11 = )4 S99 Zeis
5.9 2=23 7.)9 =33 3. 2202 0.33 = i 2T Zels
3.5 £-33 2.7 2 0% T.53 2=J3 T3 ZLI2 9.9% I 4 JoI Zess
1.4 3202 4.35 £ 34 8.¢7 L33 1.) 2=01 1.37 2 % 3.5 Zedl
2.) E=)2 5.07 £ J& 9.80 =-J3 2.3 =01 2235 2% 87 Zas
3.5 Z=02 3.k2 £ J4 1.27 292 4.0 201 3.79 £ 35 5.4 232
5.9 =22 10T 2 35 1,51 2-32 7.3 E=3i 5.24 2 )5 T.35 =)
1.0 =31 1.73 2 35 2.10 2202 1 EZ W 6,232 25 3.5 7 el
1.4 Z-01 2.18 = 35 2.47 2=232 2.0 290 .37 £ 35 o8 Eedl
2.0 301 2,73 £ 35 2.9% 222 5,023 1.13 £ Jo 2.7 Z=31
4.0 2L k.29 = 15 k.33 £=22 5.) 2 0) 1.0 2 Jo TS S
7.3 201 5.75 £ 25 8,42 T2J2 1.) 220 1.87 Z o 5,11 2201
1.0 2 20 6.71 £ 35 8.03 =22 2.0 2 )L 2.81 % o 7,37 2=01
1.4 22 7.50 £ 25 1.16 =21 4,201 L.5L = )m 1.33 % 313
2.0 £ 30 8.70 £ 33 1.60 =01 6,3 £ 02 0.95 = o 1.9% 2 )
3.5 2 30 1,19 £ 26 2.52 2-01 3,0z 0 9.83 £ 0 RIEY D]
5.3 2 30 1.29 £ 06 3.25 2-01 1.0 2 22 1.28 207 2.67T £ 2
8.0 299 1.66 £ 26 Lk, kO 2201 1.5 2 02 1.9% £ 27 3.19 £ 30
1.2 £ 01 2.09 £ 06 5.65 E-O1 2.) £ 02 3.82 = 20
2.0 £ 01 2.81 £ 06

Reference:

L.G.fd. Huxley and R.4. Crompton, The Diffusion and Drift of Zlectrons
in Gases, John Wiley and Sons, New York, 1974, p. 615-617.

Accuracy:

The total error is believed rot to exceed ¢ 3% for v4, * 2% for Dp/K at
T = 77° K, and 2 5% for Dr/K at T = 293° K.
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E.1.10

for Electrons in 52 as a Function of

The Product XnT at Two Temperatures and the Ratio DL/K at T = 30° K

(volts)

oy ¥

iDp
- T=293° K T=300° K
(cm~'sec=?)

£/3
(T3)

(cm-'sec-!)

3Dy
T=77° K

E/3
(1d)

883988833
[N .\an t
IOBUERGEGEONG N
S NN~ M N
9|ulocnuhﬂu
. . L] L] L[] .
N M N

et red o e A M A NN NN NN
NOMANNNANNNNANNNNNNNNNN

£ed fed [} Cad ] 023 fud Ted $ [ed [od [} fod Fed o] Ted [} 2] 0o

AN wl el B 4 Q -2 A\ ~
00135 Sgolfvbn.%lﬁa)guh

3..“..“..4..“..4!455188911223..“

& 11mmwwwwmmmmmmw
333 M () £9 6 0 0 R T f fd (Q 0 0
000000000000000000-.“

N ord o e e e o~
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...un&n-uz?..?.EP..ZEEEEEEEE

> 2@ - om
@&%2&8.062 N l&

2223333-&&.55667899

Y~ O 0
1339¥339343%88332
fr] 02 [ad 0ed £ [} 1] d fed (Q fQ M () (] )

0!40500\40900..“05002
81235112..“7.1123581

"

4

L.G.H. Huxley and R.W. Crompton, The Diffusion and Drirt of Electrons in

Gases, John Wiley and Sons, New York, 1974, p. 615-17, p. 622.
The total error is believed not to exceed + 3% for ND_ and + 57 for

Measured at T = 300° K.

Reference:
DLIK.
»
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E.1.12

The Drift Velocity v and the Ratio DT/K for Zlectrons

in D2 as a Fuaction of Z/% at Two Temperatures

2/3 \ 7 Dp/K =N vy Dp/X
(Td) TeTT® K T=T7° K (7d) T=293° K T=233°
{ca/sec) {volts) {em/sec) (velts)

2.0 £-03 6.8 £-03 2.0 2=02 3.08 £ 0L 2.58 3202
L.0 E-03 6.92 2-03 3.0 2-02 k.5T £ 4 2.63 =32
8.0 2-03 2.80 E Ob T7.33 £-03 5.0 £ T.LO = 04 2.7h z-0Z
1.2 = 4,01 £ 2% 7.78 2-03 7.0 2 1.00 £ 735 2.87 =02
2.0 E-Q2 6.18 E o4 8.66 =-33 1.0 2=01 1.36 = 35 3.09 =92
4.0 E-OQ2 1.09 B 05 1.95 2202 1.4 2-01L 1.73 £ U5 3.4%0 =02
7.0 2-02 1.67 E 05 1.29 2202 2.0 201 2.32 2 95 3.90 2-32
1.0 2-01 2.1 E 05 1.52 2-02 3.0 S-01 3.0 £ 25 4,83 =-02
2.0 2-01 3.25 £ @5 2.3 =02 5.0 3=01 LOYZ 25 6.7Th 222
3.0 E-Q01 3.95 E 95 3.23 £-32 7.0 =01 4.65 £ 25 8,31 =32
5.0 E-01 L.3 E 05 5.21 £-02 1.0 £ 00 5.38 £ 0% 1.19 =21
7.0 2-01 5.30 £ 35 T.37 2=02 1.k 220 6.19 = 35 i.57 2=01
1.0 2 20 5.86 £ 05 1.07 =21 2.0 30 T.2T 2 25 2.37 =01
2.0E J0 7.50 £ 05 2.00 2-01 3.2 0 8.86 § 25 2.75 ==2i
3.0 2 00 9.05 € 05 2.70 2-01 5.0 2 00 i.12 2 26 3.88 =01
5.0 £ 00 1,16 E 06 3.8 =01 7.0 2 00 i.38 = 21
T.9 2 30 1.39 £ 26 L.84 2-01 1.6 2 01 1.67 = Jo
1.0 01 1.68 2 06 6.12 2=01 1.2 01 2.02 = 36
1.2201 6.94 2-0L

Reference:

L.3.5., Huxley and R.4. Crompton, The Diffusion and Drift of Electirons in
Gases, John Wiley and Sons, lew York, 1974, p. 619-2L.

Accuracy:

The total error is believed not to exceed + 2% for v

D.rﬁ( .
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E.1.1k

The Product 2(DT for Electrons in 02 as a Function

of £/ at Twvo Temperatures

K

dDp
293° i
(cm~'sec™!)

T=

4]
(Ta)

(Ta)

e rd = ol e 4 e et
NN NN NNNNNNNN

Ted £03 Ted fed Ted D03 0o Fod Ted [ed 0o} £ad O f0d 0oy

AN D M NS ON O O .2
30....23_.383 5171

|bh!“l“v“v“.h556/°7.88

1111

M nw wmmmw
n.w £3 fad fed 0 () €

OOOOOhOOOOOhOOO
¢ & 8 & » & & 5 & BB ¢ B B 0w

NNt " MIAN— M A

el visBoleEaEvEoEaBoEaBa B Eal<B\
NANNANNNNNNNNNNNNN

E_..&EEEEEEEEEEEEEE

52“1960
2222333.&»)5678891

355888883
fd [ fed o] () 0 £ () [ ()

2000 hoooooooooo
812“712357123571

:.—02
¢ E-01
-01

Reference:

S 1976, p. 619-20,

The Diffusion and Drift of Electrons

L.G.dH. Huxley and R.W. Crompton,
in Gasen, John Wiley and Sons, New York

Accura

The totai error is believed not to exceed + 3%.
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E.1.1€

The Momentum Transfer Cruss Section for Slastic Collisions of Zlectroas
in b2, and the zZlexlron Znergy Discr-ibution Trciion

for ™™o Values of E/N al z Temperature of 77° %

RN TN = L~ = -_—=

/4 = 3,037 Ti Z/a=2.3 71

Sorgy dme} Inergy [(ev) ! )= Znergy [{ay)"t}s
: ! (eV) Y

1.9 =22 5.21 =16 1.0 2-33 325 2 2 SRS Sy Y 1.92 £ 3L
2.0 E-u2 5.35 Z-ic 1.5 =52 3.78 = 3L 5.3 Z0¢ 2,15 231
3.0 2-32 3,40 Z=ln 2.9 =23 L o2g 2 51 .0 =32 2,35 2 31
5.0 Z=u2 5.6¢ Z=l8 3,0 Z=13 2,33 T L1 8.0 z=02 2.66 = 231
7.3 £=J2 S.Th Zelu 5,) =33 5.5 2 31 1.2 2L 2.99 Z L
1.3 =31 5.80 =i 3.) =22 3,39 T oL 1.3 2Ll .57 = L
1.5 Z-ul <. 3w 2=l S.J =32 $.,.1 2oL 2.2 2231 .23 %
2., =31 5.1% Z-1 3.3 Z=33 5.29 £ 21 3.2 2201 .93z .1
3.0 E-0L ©.35 £-in 1.3 2-22 S.97 =2 31 LS =<3l 5.42 Z 01
L,0 E=.1 G.43 Z-1% 1.5 232 3.3 = $.0 ==01 6.23 % 5L
6.3 Z=lil £.56 2218 2.0 222 2,04 2 02 8.2 z=21 6.15 = 31
5.3 E-0L 5.77 £-i6 3.0 2=02 8,53 2 29 1.3 299 5.79 2 31
1.9 £ 23 6.85 =16 4.5 =02 3,43 £ 20 1.5 2 3.79 = 01
1.5 £ 20 6.96 z-15 5.0 =22 1.20 £ 30 2.2z 1.39 = oL
2.9 200 6.99 216 3.2 2.75 2 0
3.3 2 20 6.89 =-16

b,2 2 33 5,26 Z-if

$.3 £ 32 5,01 2-1%

References:

R.#. Crompton, M.T. Zlford, and A.G. Robertson, Aust. J. Pays. 23, 657
(1979).

M.T. 2lford, Case 3Studies in Atomic Collision Physics, =.4. McDaniel
and M.R.C. McDowell, eds., Jlorth Holland, Chap. 2 (1972).

L.G.H. Huxley and R.¥., Crompton, The Diffusion and Drif: of Electrons
in Gases, John Wiley and Sons, .lew York, 1974, p. 603.

Accuracy:

The total error in the elastic cross section is believed not to exceed + 5%.

L J
gl/? !'o(E) dE is the fraction of electrons in the swarm with energies
between E and £ + dE.
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E.1.18

The Drift Velocity Ya and the Ratio D.l,ll for Electrons in He

as 8 Punction of E/Y at Tvo Temperatures

Dy/K 2/3 va Dy/K
™293° K (Td) T=293° X ™=77° &
(volts) (cm/sec) (volts)

va
™77° K
(ca/sec)

E/X
(1a)

13¥3333373%°
YRQLBUZLRARY
NSO At Mt e

““kssssssss_)s
D000 O0NOMNMOO

(B2l B (o G D) G 13 Fid e} B3 )

NN [7a) [ XX
%uzn16ﬂﬂ3$362
57912233|'l4679

§3357353388338
5500000000755

235123:5681123

§3853333333833335%

$IISLRAITNERIRARRIZN

667811123511123\!7

88888888688

2?»33?»3?»2?—23

NN RESES AN

791122335“6

A & P B e
00000555000000007
121!711235123.“6811

Reference:

s Sew X

» John Wiley and Souns

L.G.d. Huxley and R.¥W, Crompton, The Diffusion and Drift of Electrons in
ork, 197‘, P- 800002

Gases

Accur

a» * 3% for Dp/K at

The total error is believed not to exceed £ 1% for v

T=T7° K, and £ 1% for Dp at T = 293° K.
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The Proluct D, ani tne Hatis D Y Jor Zlectrons
z L
In He as a Tuusticn of Z'1 at a Temperature T U937 F
= 3 — = TR T SIS T ST IST TR R . XXX TETETITEREETTITEZ I IR IR N
£ 4o >tz
.Ti) T=23% ¥ T=233% &
{zm~lsec™1) {weiss)
3.3 32 )0 5.35 221
2.5 Z=iz 5.9, = 21 2.62 =
3.3 z=32 7.2% 221 2.8: =32
3.3 Z=le 7.5 2 21 2.97 2=32
1.3 3=31 .33 2 21 3.95 2=
2.9 3= 1.17 = 22 .33 weis
3.3 2=31 1.35 =2 22 T.95 ==C2
“~.J) z=-31 1.83 2 28 .07 2=01
3.0 231 1,74 2 22 1.3 =2=01
3.) 3-31 1 9% = 22
1.2 32 .1 2 22
1.7=2z 23 264 = 22
2.5 = 22 3 =
3.5 2 90 3 z
5.0 2 3 4 =
6.0 2 30 5 z
8.0 25 5 =

Refarences:
R.4. Crompton, 4.T. Zlford, ani R.L. Jory, Aust. J. Phys. 20, 369 (1967).

L.5.4. Huxley and R.4. Crompton, The Diffusion and Drift of Zlectrons in
sases, Johi #iley and Sons, lew Tork, 1974, p. 600-01.

Accurscy:

The total error is beliesved not to exceed + 2% for D, and + 3% for DL/K.

»
Yalues measured at T = 300° K.
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E.2 Iom Drift Velocities, Mobility, and Diffusion
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E.2.2

Definitions, Rel: ticnships, and Reference

drift velocity of ion = average welocity of drift of ion
along field 1i in a gas exposed to a constamt, wmiforms
electric field E. vy is usually expressed in cm/sec.

mobility of fon, defined by the equation vy = K E. K is
usually expressed in cal/V-sec.

reduced mobility of ion = mobility of iom reduced to S.T.P.,
defined by the equation

#E 273.16 K,

vhere p is the gas pressure in torr and T is the gas
tempersture in degrees Kelvin at vhich K vas messured.

ionic energy parameter = ratio of electric field intemsity to
gas number deasity. E/N is usually expressed in wnits of
(voits/cm)/(1/ca’) = V - caf.

zero-field reduced mobility = K, in the limit E/¥ + 0.

unit of E/N, the "Townsend” = 10™'7 V - ca’.

0.0269 x (E/N) x K_, where v; is in 10° cw/sec, B/N is in Ta,
end K, is in cm /v°- sec.

D‘l‘ o o

0 nr o] s jonic diffusion tensor.

0 G DL

(scaler) longitudinal diffusion coefficient = coefficient of
diffusion along electric field.

(scalar) transverse diffusion coefficient = coefficient of
diffusion transverse to electric field,

In the limit E/N » O, Dy, = Dp = D, the scalar diffusion coefficient.

Por a particular ionic species in a given gas at a given temperature,
the drift velocity, mobility, diffusion coefficients, and average iomic
energy are functions of E/N alone.

General reference vhich contains much data not presented here: "The
Mobility and Diffusion of Ions in Gases,” by E.W, McDaniel and
E.A. Mason, Wiley, New York (1973).
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Zoro-Field Reduced Wobility Ko, in cm?/Vesec of lons in He Oas at 300° K

Ion Ko Refarence
He' 10.40 + 0,10 E.C, Beaty and P.L. Patterson, Phys, Rev, 137, A=346 (1965),
uea’ 16.70 + 0.17 E.C, Beaty and P.L. Patterson, Phys, Rev, 137, A=346 (1965).
"’2’. (htu'; 19.6 + 0.3 E.C, Beaty and P.L. Patterson, Phys. Rev. 137, A-3ké (1965),
(metastable)
u* 31.8 +1.3 0.J. Orient, J, Phys, B L, 1287 (1971),
p* 24,9 +1,0 0.J. Orient, J, Phys, B 5, 1056 (1972),
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Cur:

E. Grahem, D.R. James, W.C. Keever, D.L. Albritton, snd E.W, McDaniel,

J. Chem. Pnys. 59, 3477 (1973).
The total error is believed not to exceed + 10%,
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The Reduced Mobilities of
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(Td)
T.M. Miller, J.T. Moseley, D.W. Martin, and E.¥. NcDaniel, Phys. Rev,

1713, 115 (1968).

The total error is believed not to exceed + &S,
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E.2.10

The Product of the Transverse Diffusion Coefficient (nr)

PR

*

and K Iminﬂzﬁu

.
3

at Room Tempersture, Plotted as a Punction of E/N

and the Ges Fumber Density (M) for M

s

Ny Ions in N,

K* Ioms in N,

E/n
(1a)

(em™tsev™?)
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I.A. Mleming, R.J. Tunnicliffe, and J.A. Nees, J. Phys. B 2,

Hy' in Ha: T.M. Miller, J.7. Moseley, D.¥. Martin, and E.¥. McDeniel,

Pays. Mev. 173, 115 (1968).

Beferences:

780 (1969).

k* in Hp:

The total error is believed not to exceed + 10%.
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E.2.1%

+*

o', D', and D™ Ions ia

ift Velocity of

b
-

Dr

D2 Gas at 300° K as a Function of E/N

D* Ions in Dy

D™ Ions in D,

Dy* lons in Dy

E/N

v
dec)

ca/sec

(

va

(em/sec)

va

(ca/sec)

(Td)

333%
£e} €91 £ N
N\~ b=
VN

33333333388

) € [od fo) 7ad [ad o) fad {0} 002 ] 0}
~ MO NDO WM IND M
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Reference

_.R. Jumes, 4.0. Xeever, D.L. Albritton, and B.4. YcDaniel,

srsham,

J. Chem. Pnys. 59, 3477 (139T3).

z.

Accurac

The total error is believed not to exceed + 23.
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E.2.16

+ < +
The Reduced Mobiiities of D ani D1 ions

in Do 3t 302° K as a Function of BN

2/N D% Ions in D, D,
(Ta) %
{cm?/v-sec) (cm?/v-sec)

2.3 2 3.02 2 23
Loz 1.:2 231 8.00 = )0
5.0 £ X 1,132 01 3.0 22

1,021 LT EQ 8.3 2 X
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T.M. Miller, 5.7. Moseley, D.4d. Martin, anl 2.4, MeDaniel, Phys. Rev.
173, 125 {19083},

ASTuracy:

The otal error is believed not o exreai # LT,
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The total error is believed not to exceed + 5%.

J.A. Hornbeck, Phys. Rev. 3L, o015 (1951).
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E.3 Diffusion Coefficient of Neutral Particles
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E.3.2

Maxwellian Averaged Quantal Diffusion Cross Section oD

for H Atoms Diffusing in an Atomic Hydrogen Medium
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Reference:

DT N o Al

A.C. Allison and F.J. Smith, Atomic Data 3, 317 (1971).

Ac

The total error is believed not to exceed + S%.

A E Ay, a

1R —————



(Me) L

¢Ot °} 2 201 * 2 4Ol S 2 OO—O
] = u 13T9NIS —¢ (07
T~ ~_
-4 + L_v +I +- ./.TK' = LF ob 00_
~— 3
| T~ o
4 - s -4 - ow
111/
137diyL f
- .nyl..Lfi:.AY . om
h L_y Aﬁo!O— nv

168L4-6L O9MQ-INNO

. ————————AR. 8 A AN ol 2 o



]

E.3.4

Product of Total Gas Pressure and Diffusicn Joefficient

for Various Neutral Gas Pairs

pD1o

(Atm-cm?/sec)
(%K) Hy - Dp Hp - He H - Ho H - He
3.0z 01 2.1 202
5.0 £ 01 5.6 £2-02
1.0 2 22 1.9 2-01 2.k 2201
2.0 £ 02 6.3 =01 7.7 2-01 1.1 2920
3.0 2 02 1.3 2 00 1.5 £ 20 2.2 300 2.8z 00
5.0 E 02 3.1 2 3.T £ 00 5.2 200 6.8 £ 00
1.0 £ 03 1.0 01 1.2 221 1.7z 0 2.2 01
5.0 2 03 1.7 2 R 2.1 £ 02 2.8 z 02 3.6 E 92
1.0 2 Ok 5.8 £ 02 7.5 £ 02 9.3 2 02 1.2 £ 03
References:

Z.A. Mason and T.R. Marrero, "The Diffusion of Atoms and Molecules.)” in
"Advances in Atomic and Molecular Physics” (edited by D.R. Bates and

I. Esterman), Academic Press, New York, Yol. 6, pages 155-232 (1970).

T.R. Marrero and £.A. Mason, J. Phys. Chem. Ref. Data 1, pages 3-118 (1972).

Accura_c!:

The total error is believed not to excced * 152 for the Hy - He and
Hy, - Dy data, and % 30% for the H - Hy, and H - He data.
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Buclear Reactions
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’.l.z

Cress Sectisns and Reactien Retes
for the D(d,n) e Descticn

Inergy Cress Rate
CaV) (agm- (e’ /esc)
1.0 00 3.3 43 8.5 B-23
2.0E OO 2.0 =% 2.8 -1
3.02 00 6.7 - 1.5 =20
4.0 K 00 2.0 3-33 4.3 B-20
5.0% 2.0 -2 8.8 2~-20
6.02 OO 1.1 -11 1.6 &-19
7.0 K 0O 4.0 -1 2.4 B-19
S.0R OO 1.1 -3 3.4 219
9.0K 0O 2.7 B-30 4.5 2-19
1.0 01 S.4 B-30 6.0 B-19
1.5 01 6.4 B-29 1.5 B-18
2.0 01 2.5 2-29 2.6 B-18
4.0 01 2.5 =27 8.0 B-13
7.0 01 9.6 B-27 1.7 p~-17
1.0E 02 1.7 226 2.3 ¢-~17
2.0 02 3.7 B-26 4.8 B-17
60K 02 6.0 B-26 9.5 E-17
7.0 8 02 8.0 2-26 1.1 B~16
1.0 03 8.9 B-26 1.3 B-16
2.0E 03 1.0 B-25 1.2 B-16
4.0 K 03 9.6 3-26 7.8 B~-17
7.0 B 03 4.5 p-26 4.8 B-17
1.0 B 04 1.7 B-26 3.3 E-17
2.0 8 04 2.3 3-27 1.5 B-17
4.0K 04 3.6 B-27 5.7 =17
7.0 E 04 8.2 B~29 2.7 »~18
1.0E 03 3.6 B-29 1.6 B-18
Befeyences:

G. §. Miley, 8. Towner, snd N. Ivich, "Fusion Cross Sections and Reactivities,”
C00-2218-17 (1976)5 Pacific Northwest Lsboratories Amnusl Report,

Ascyrecy!
t m.

Botes:

Resction rate 1s the resction rate aversged over both Mamwellisn distributions.
HessuTements have not been made below 7.5 keV. Data below this energy represent
an extrapolation using smslyticsl expressioms.

t l
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F.1l.4.

Cross Sections and Reaction Rates

for the D(d,p)T Reaction

Reaction Rate

Cross Section
(cm2)

(cm3/sec)
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References:

L. Green, Jr.,

80 and 92 (1972)

p-

BNWL-1685

G. H. Miley, H. Towner, and N. Ivich, "Fusion Cross Sections and Reactivities,"”

C00-2218-17 (1974); Battelle Pacific Rorthwest Laboratories Annual Report,
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Accuracy:

% 10%.

Notes:

Data belov this region represent

Reaction rate is the reaction rate averaged over both Maxwellian distributions.

Measurements have not been made below 12 keV.

sn extrapolation using analytical expressions.
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F.1.6

Cross Sections and Reaction Rates

for the Reaction T(t,2n) ‘Be

Erergy Cross Sectiom Reaction Rate
(keV) (cad) (cm3/sec)
6.0E 92 2.1 E-30

8.0E 00 1.6 E-2§

1.0 E 01 4.5 g-29 6.8 E-19
2.0E 01 8.0 E-28 2.4 E-18
4.0E 01 5.0 E~27 6.6 E-18
7.0E 01 1.3 E-26 1.3 E-17
1.0 E 02 1.9 E-26 2.0 E-17
2.0 E 02 3.2 E-26 4.1 g-17
4.0 £E 02 5.0 E~26 7.4 E-17
7.0 E 92 6.6 E-26 8.9 £E-17
1.0 E 03 9.7 E-26 8.0 E-17
2.0E 03 1.7 E=25 5.1 E-17
3.0E 03 7.4 E~26 3.5 E-17
4.0E 03 2.8 E-26 2.5 E-17
7.0 E 03 4.1 E-27 1.3 E-17
1.0 E 04 1.4 E-27 8.4 E-18
2.0 E 04 2.1 E-28 3.3 E-18
4.0 E 04 3.5 E-29 1.3 E-18
7.0 E 04 8.5 E-30 5.7 E-19
1.0 E 05 3.8 E-30 3.4 E-19

References:

G. H. Miley, H. Towner, and N. lvich, "Fusion Cross Sections and Reactivities,”
C00-2218-17 (1974); Battelle Pacific Northwest Laboratories Annual Report,
edited by W. C. Wolkenhauer, BNWL-1685 (1972); S. L. Green, Jr., Report
#UCRL-70522 (1967).

Accuracy:

See Notes.
Notes:

Reaction rate is the reaction rate averaged over both Maxwellian distridutions.
Measurements have been made for energies between 60 keV and 2 MeV. Both Green
and Miley, et al., gave treaction rate values down to energies of 1 keV. They
Aare not plotted here due to large discrepancies. For an evaluation of this
cross section, consult L. Stewart and G. M. Hale, Report #LA-5828-MS or
USNDC-CTR-2., Use extreme caution in using these results.
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F.1.8

Cross Sections and Reaction Rates for

the T(d,n) ‘He Reaction

Deuterium Tritium

Energy Cross Section Cross Section Reaction Rate

(kev) (em?) (em?) (cm?/sec)
1.0 E 00 2.7 E-40 1.4 E-44 5.7 E-21
2.0 E 00 9.4 E-35 9.8 E-38 2.7 E-19
3.0 E 00 2.5 E-32 9.7 E-35 1.7 E-18
4.0 E 00 6.6 E-31 5.7 E-33 5.6 E-18
5.0 E 00 6.0 E-30 8.9 E-32 1.3 E-17
6.0 E 00 3.1 E-29 6.7 E-31 2.4 E-17
7.0 E 00 1.1 E-28 3.2 E-30 4.0 E-17
8.0 E 00 3.0 E-28 1.1 E-29 5.9 g-17
1.0 E 01 1.4 E-27 7.4 E-29 1.1 E-16
2.0 E 01 5.2 E-26 7.4 E-27 4.3 E-16
3.0 E 01 2.7 E-26 5.4 E-26 6.6 E-16
4.0 E 01 6.9 E-25 1.7 E-25 8.1 E-16
7.0 E 01 2.9 E-24 1.1 E-2% 9.0 E-16
1.0 E 02 4.8 E-24 2.7 E~24 8.4 E-16
1.5 E 02 4.0 £-24 4.8 E-24 7.0 E-16
2.0 E 02 2.7 £-24 4.7 E-24 6.2 E-16
4.0 E 02 8.1 E~25 1.7 E-24 4.2 E-16
7.0 E 02 3.4 E-25 6.2 E-25 3.1 E-16
1.0 E 03 2.2 E-25 3.6 E-25 2.7 E-16
2.0 E 03 1.3 E-25 1.7 E-?5 2.3 E-16
4.0 E 03 1.0 E-25 1.2 E-25 2.2 E-16
7.0 E 03 8.1 E~26 9.4 E~26 2.3 E-16
1.0 E 04 7.1 E-26 8.2 E-26 2.3 E-16
4.0 E 04 3.9 E-26 4.7 g-26 2.5 E-16
7.0 E 04 3.1 E-26 3.7 E-26 2.6 E-16
1.0 E 05 2.7 E-26 3.3 E-26 2.6 E-16

References:

G. H. Miley, H. Towner, and N. Ivich, "Fusion Cross Sections and Reactivities,"”
C00-2218-17 (1974); Battelle Pacific Northwest Laboratories Annual Report,
edited by W. C. Wolkenhauer, BNWL-1685, p. 78 and 92 (1972); S. L. Green, Jr.,
Report #UCRL~70522 (1967).

Accuracy:
+ 10%.

Notes:

Reaction rate is the reaction rate avereged over both Maxwellian distributions.
Deuterium cross section is cross section for incidert deuteron; tritium cross
section 1is cross section for dncident triton. Measurements have not been made
below deuteron energies of 8 keV. Below this region represents an extrapolation. '
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