JAERI-M
83-013

DATA ON COLLISIONS OF HYDROGEN ATOMS AND IONS

WITH ATOMS AND MOLECULES (!)
(CROSS SECTIONS FOR CHARGE TRANSFER OF H, H™ AND H-
WITH H., N2, Oz, H:0, C AND CARBON CONTAINING MOLECULES)

February 1983

Yohta NAKAIL Akira KIKUCHI* Toshizo SHIRAI
and Masaoc SATAKA

B & B F H W ® M
Japan Atomic Energy Research Institute



TR TR L

JAERIM L #£— b iz, BERE FAMRas TESI AR L T ifREEH T,

AENR L PAE, HARR SR R AT R ERR (T30 1L AR BTl R
WA AT, BRHLIL R G, Ak, JTOEMPIZHEEANREF LSS - 7 —
(319 11 Jebg E ATHEHIRF O AW T AEFERTIN) THREIC SAERRG 20T
BOET,

JAERI-M reports are issued trregularly.
Inguiries ahout availability of ihe reports should be addressed to Information Section, Division

of Technical Tnformation, Japan Atomic Fnorgy Research Institute, Tokalmura, Naka-gun,
Ibaraki-ken 319-11, Japan.

{©Japan Atomic Knergy Research Insiitute, 1983
RS RAT H 4 5 -1 3) &F 78 A
F1l il voE S 3 ED RS MR




JAERI-M 83-013

Data on Collisions of Hydrogen Atoms and Ions

with Atoms and Molecules (I)

+ —
(Cross Sections for Charge Transfer of H, H and H

N H,0, C and Carbon Containing Molecules)

with H 29 02, 2

2)

%
Yohta NAKAI, Akira KIKUCHI , Toshizo SHIRAI

and Masao SATAKA

Division of Physics, Tokai Research Egtablishment, JAERI

{Received January 24, 1983)

This report presents a compilation of the experimental data on

+ -
cross sections for charge transfer of H, H and H with H2, NZ’ 02, HZO’

C and carbon containing molecules.

A survey has been made systematically of the literature up to the

middle of 1982. The cross sections are given as a function of

projectile energy in graphs and tables; a list of references is also

attached.
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1. Introduction

Collisions of hydrogen ions and atoms with various gases such as
Ez, N2, 02, HZO and carbon containing molecules have been the subject of
many investigations. A knowledge of corresponding charge transfer cross
section is essential, as many cases these gases take the form of
impurities which disturb the phenomena to be investigated. Especially,
for controlled thermonuclear fusion research, in the confinement region
the containment time for plasmas is affected in part by charge transfer
collisions with background gas. Similarly, in the outermost layers of
confined plasma, in front of & material wall, a relatively cool "plasma
blanket" is encountered, in which atomic processes such as charge
transfer of hydrogen with impurity atoms and molecules are particularly
important for plasma diagnostics and particle recycling.

Also in tokamak type fusion devices one cf the most promising
methods of supplementary heating is by the injection of fast neutral
heams of an appropriate isotope of hydrogen. These neutral beams are
generally obtained by electron capture or stripping of accelerated
positive or negative ions in gas cell. The interaction of the ion beam
accelerated to the energies ranging from 10 keV to ~1 MeV with the
impurity gases, could bring about charge transfer, detachment and
dissociation, so that part of the beam interacts with surrounding
surface, creating the attendant surface effects such as sputtering and
outgassing, thereby introducing additional impurities.

Thus, it is imperative to know the charge transfer cross sections
when H+, H and H beams collide with impurity gases.

There are several data compilations on these charge transfer cross

1)-4)

sections for hydregen ions and atoms but some cof them have no
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numerical data as tabular form and besides some of them are not handy to
use for specific purposes.

In this report, we compile in graphical and tabular forms the
experimental cross sections on charge transfer of hydrogen ions and
atoms in conventional impurity or background gases, such as H2, N2, 02,
co, COZ’ HZO’ CH&’ C2H4, C2H6, CBHS’ CAHlO and additionally C atoms (up
te the middle of 1982). These numerical data are stored in the Atomic
and Molecular Data Strage and Retrieval System (AMSTOR) of JAERI.

For the conveﬁience of readers, detailed discussions on the charge
transfer processes and experimental methods for cross section

measurements are presented at Appendix.

The authors are thankful to Miss N. Komatsu for careful preparing

the tables and typing the manuscript.

References for Intreduction

(1) Barnett, C.F. et al.: Atomic Data for Fusion Research, ORNL-5206
(1977).

(2} Tawara, H. and Russek, A.: Rev. Mod. Phys. 45 178 (1973).

{(3) Tawara, H.: IPPJ-AM-10 (1977).

(4) Allison, S.K.: Rev, Mod. Phys. 30 1137 (1958).
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2, Data on Charge Transfer Cross Sections

2.1 Table of Compiled Processes



Table I Compiled Processes
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Type of
Cross Secticns Processes
(1) 5N + 5, »H (7y 5 + cu, "
() 1+ N, > H (8) H + C,H, +H
+ +
910 (3 H +0, +H (9) H +C,E ~H
(4) H' + H 0 > B (10) &" + cu B
(5) 57 +C0 - B (11) 87 + ¢ H
{6) ut o+ co, ~ &
(12) # +H, H (1) v +0, 0
“0-1 - -
(13 8 +N, ~H (15) H + €O H
(16) 8 + Hy, ~d (18) §° + o, .
g
1-1 (17) © + N, > H (19) 5 + H,0 5
(20) H + K, ut (26) H + CH, ut
(21) &+ N, at (27) H + CjH, ut
%o (22) B +0, gt (28) H + C,H, gt
(23) § + HO gt (29) B+ CH ut
(26) H +CO - H (30) § + ¢ gt
(25) H + co, gt
(31) © + H, 4 (35) H + CO H
(32) H + N, H (36) H + co, H
910 - - .
(33 B + 02 H (37) H + C3H8 H
(34) H + H,0 > H
(38) § + H, u (41) H + H,0 gt
°_11 (39) B + N, o (42) 8 + co, H
(40) H + 0, gt (43) € + C,Hg 0

Note:

Numbers indicated in processes correspond to the

numbers of figures and tables of cross section data

A4;
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2.2 References for Data

Abbe J.~C. and Adloff J.-P.
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1'hydrogene

v
Afresimov V.V., Leiko G.A,, Mamaev Yu.A., and Panov M.N.
Sov. Phys. JETP 29, 648 (1969)
Elementary processes of change of charge states in the interaction

between protons and hydrogen meolecules

Afrosimov V.V., Le{ko G.A., Mamzev Yu.A., Panov M.N., and
Fedorenko N.V.

Sov. Phys. JETP 35, 1070 (1972}

Processes altering charge state in collisions of hydrogen atoms
with H2

Allison S5.K,

Rev. Mod. Phys. 30, 1137 (1938)

Experimental results on charge-changing collisions of hydrogen and

helium atoms and ions at kinetic energies above 0.2 keV

Bailey T.L. and Mahadevan P.
J. Chem. Phys. 52, 179 (1970)

Transfer and detachment in collisions of low-energy negative ions

with O2

Baribaud M., Meonte J., and Zadworny M.F.
Compt. Rend. B272, 457 (1971)

Sections efficaces totales de détachement collisionnel, & un et

deux électrons, de 4 sur H20

Barnett C.F. and Reynolds H.K.
Phys. Rev. 109, 355 (1958)

Charge exchange cross sections of hydrogen particles in gases at

high energies



10.

11.

12.

13.

14.

15.
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Berkner K.H., Pyle R.V., and Stearns J.W.

Nucl. Fusion 10, 145 (13870)

Cross—-sections for electron capture by (0.3-to 70-keV deutercns in
HZ’ HZO’ Cco, CH4 and CSF16 gases

Chambers E.S.

UCRL-14214 (1965)

Neutralization of fast hydrogen ions colliding with H CO, CH, and

2° 4

HZO molecules
Coplan M.A. and Ogilvie K.W.
J. Chem. Phys. 52, 4154 (1970)

+
Charge exchange for H+ and H in HZO’ C02, and NH

2 3

Cramer W.H.
J. Chem. Phys. 35, 836 {1961)

; , . , + + .
Elastic and inelastic scattering of low-velocity B and H in

hydrogen

Curran R., Donahue T.M., and Kasner W.H.
Phys. Rev., 114, 490 (1959)

Charge transfer for protons in H2

Curran R. and Donahue T.M.
Phys. Rev. 118, 1233 (1960}

Electron capture and loss by hydrogen atoms in molecular hydrogen

Dagnac R., Blanc D., and Molina D.
J. Phys. B3, 1239 (1970)

+
A study on the collision of hydrogen ions H1 ,

+ + .
H2 and H3 with &

water-vapour target

de Heer F.J., Schutten J., and Moustafa H.
Physica 32, 1766 (1966)
Tonization and electron capture cross sections for protons incident

on noble and diatomic gases between 10 and 140 keV
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18.
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20.

21.

22.

23.
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Desesquelles J., Cao G.D., and Dufay M.

Compt. Rend. B262, 1329 (1966)

/

Ftude de 1'ionisation de quelques gaz par des ions accélérés H+ et
+

)

Dimov G.I. and Dudnikov V.G.
Sov. Phys.-Tech., Phys. 11, 919 (1967)
Cross sections for stripping of ~1-MeV negative hydrogen ions in

certain gases

Donahue T.M. and Hushfar F.
Phys. Rev. 124, 138 (1961)
Formation of negative ions in a gas by charge transfer from a fast

atomic hydrogen beam

Fogel' Ia.M., Krupnik L.I., and Safronov B.G.
Sov. Phys. JETP 1, 415 (1955)

Capture of electrons and ionization by protons in hydrogen

Fogel' Ia.M. and Mitin R.V.
Sov. Phys. JETP 3, 334 (1956)

Formation of negative hydrogen ions by collision of pretons with

gas molecules

Fogel' Ta.M., Ankudinov V.A., and Slabospitskii R.E.
Sov. Phys. JEIP 5, 382 (1957)

Loss of two electrons in single cecllisicons between negative

hydrogen ions and molecules of gases

Fogel' Ta.M.
Sov. Phys. JETP 5, 499 (1957)
The applicability of the relation of detailed balance for a cluster

of ions of staticnary composition

Fogel' Ia.M., Ankudinov V.A., Pilipenko D.V., and Topolia N.V.
Sov. Phys. JETP 7, 400 (1958)

Electron loss and capture in collisions between fast hydrogen atoms

and molecules of gases
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Fogel' Ia.M., Mitin R.V., Kozlov V.F., and Romashko N.D.
Sov. Phys. JETP 8, 390 (1959)
The applicability of Massey's adiasbatic hypothesis to double charge

exchange

Geddes J., Hill J.,, Shah M.B., Goffe T.V., and Gilbody H.B.
J. Phys. Bl3, 319 (1980)

Electron loss by 1-300 keV H dions in B and H2
Gilbody H.B. and Hasted J.B.

Proc. Roy. Soc. AZ38, 334 (1956)

Anomalies in the adiabatic interpretation of charge-transfer

collisions

Gordeev Yu.S. and Panov M.N.
Sov. Phys.~Tech. Phys. 9, 656 (1964)
Tonization and capture of electrons during collisions of hydrogen

ions with atoms and molecules of a gas

Gustafsson E. and Lindholm E,

Arkiv. Fysik 18, 219 (1960)

Ionization and dissociation of H2, Nz_and CO in charge exchange
collisions with positive ions

Heinemeier J., Hvelplund P., and Simpson F.R.
J. Phys. B9, 2669 (1976)
Collisional detachment cross sections for H and He at high

energies

Hollricher O.
Z. Physik 187, 41 (1965)
Umladung und fonisation beim Durchgang von leichten und schweren

Wasserstoffionen durch leichten und schweren Wasserstoff

Jorgensen Jr.T., Kuyatt C.E., Lang W.W., Lorents D.C., and
Sautter C.A.

Phys. Rev. 140, A1481 (1965)

Measurements on Charge-changing ccllisions invelving negative
hydrogen, helium, and oxygen ions

_Bi
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Kovacs I.

Nuci. Iastr. Meth. 51, 224 (1967) ’

One and two electron loss cross sections of H ions in 002 or N2

gas

Kozlov V.F. and Bondar' S.A.
Sov. Phys. JETP 23, 195 (1966)
Double charge exchange between singly-charged positive ions at low
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2
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Monnom G., Eliot M., Guidini J., and Valckx F.P.G.

Compt. Rend. B281, 425 (1975)

ﬁchange de charge de protons d'énergie 100 & 2500 eV passant a

travers différentes cibles gazeuses
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Pilipenko D.V., and Fogel' Ia.M.
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95 Ogs A, and CO

2

Roussel F., Pradel P., and Spiess G.

Phys. Rev. Al6, 1854 (1977)

Electron capture, electren loss, and deexcitation of fast H(2%8)
and H(128) atoms in collisions with molecular hydrogen and inert

gases
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Schryber U.
Helv. Phys. Acta. A40, 1023 (1967)

Elektroneneinfang schneller Protonen in Gasen
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+ +
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Measurement of high-energy charge-transfer cross sections for

incident protons and atomic hydrogen in various gases
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Toburen L.H. and Nakai Y.
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2 2
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incident upon hydrogen and the inert gases
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2.3 Lists of Measurements of 910° 99-1* %1-1° “01° 1o and a_q11

Note on Table
Cross Section Per target atom or molecule
0 ,0,: Cross sections for slow-electron, slow-ion production

.

Method [See 3.2 Experimental Method]

A : Attenuation method
C : Condenser method
E : Equilibrium method
G ! Growth method
MS : Mass spectrometric method
F/T
F : Data from figures read by using program READXY*’**
T : Data from tables

# READXY was prepared by T. Nakagawa, Nuclear Data Center
%  Numerical values are read from figures of references by us

under our responsibility
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Table ITI A List of Measurements of 010

Authors Year Energy Range(eV) Target Method F/T Ref.

Ribe 1951 3.4 +4 1.49+5 H2 A T b
Fogel' et al. 1955 1.23+4  3.67+4 H2 C T 19
Stedeford & Hasted 1955 2.3 +2 3.2 +4 H2 C F 54
Gilbody & Hasted 1956 1.0 +2 3.8 +4 NZ,CO C F 26
Stier & Barmett 1956 4.0 +3 2,0 +5 HZ’NZ’OZ G+E F 55
Barnett & Reynolds 1958 1.0 +4 1.0 +6 HZ’NZ G+E F 7
Curran et al. 1959 2,13+43 5.69+4 H2 C F 12
Gustafsson & Lindholm 1960 2.5 +1 9.0 +2 NZ,CO MS T 28
Schwirzke 1960 9.3 +3  6.00+4 H2 A F 49
Cramer 1961 5.0 41 4.0 42 H2 C T 11
Abbe & Adloff 1964 5.0 +2 2.0 +3 Hz,N2 C T 1
Gordeev & Panov 1964 1.0 +3  4.00+4 H2 C F 27
Stebbings et al. 1964  5.20+1 1.00+4 O2 C F 53
Chambers 1965 1.0 +3 5.5 +4 H2,CO,H20,CH& G F 9
Eollricher 1965 1.53+43 3.00+4 H2 C F 30
de Heer et al. 1966  1.00+4  1.4045 HZ,NZ,OZ,He,Ne, C T 15

Ar ,Kr
Desesquelles et al. 1966 2.50+4 7.00+4 HZ’NZ’OZ’CO’CG2 C F 16
Williams & Dunbar 1966 2.0 +3 5.0 +4 Hz,He,Ne,Ar,Kr, G F 62

Xe
Schryber 1967  1.04+6  4.37+6 HZ’NZ’OZ G T 48
Welsh et al. 1967 L,4 45 1.38+7 HZ,Nz,He,Ar A T 61
Toburen & Nakai 1968 1.0 +5 2.5 +6 HZ,NZ,OZ,CO,COZ, G T 56

H,0,CH,,C,H,,

C2H6,C4H10,C,HE,

Ar Kr
Afrosimov et al. 1969 5.0 +3 5.0 +4& Hz A,C F 2
McNeal & Clark 1969 2.5 +3 2.004+4 N2 C(c_,0+) F 37
Williams 1969 4,4 +5 2.00+6 H2 G T 66
Berkner et al. 1970 1.5 42  3.50+4 CO,H20,CH4 T 8
Coplan & Ogilvie 1970 1.0 +2 5.0 +2 COZ’HZO nC T 10
Dagnac et al. 1970 1.44+3  5.25+4 H20 G+E F 14
McNeal 1970 1.00+3 2.50+4 CO,COZ,CH4 C(o_,c+) F 38
Baribaud et al. 1971 5.00+3 H20 C T 6
Monnom et al. 1975 1.0 +2 2.6 +3 N2 G F 39
Varghese et al. 1980 1.5 +6 3.0 +6 C,CH4,C2H4,C2H6 G T 60



Authors

Stier & Barnett
Allison
Fogel' et al.

Curran & Donahue
Donahue & Hushfar
Pilipenko & Fogel'
McClure

Jorgensen et al.
Pilipenko & Fogel'

Williams

Schryber
Afrosimov et al.

Roussel et al.

Van Zyl et al.
Van Zyl et al.

Authors
Fogel' & Mitin

Allison
Fogel' et al.

McClure
Kozlev & Bondar'

Williams

Schryber
Williams

Toburen & Nakai

Table III A List of Measurements of o
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0-1

Year Energy Range(eV) Target

1956 4.0043  3.00+4  H,,N,,0,

1958 4.0 +3 3.0 +4 N2

1958  5.00+3  4.00+4 HZ’NZ’OZ’He’Ne’
Ar,Kr,Xe

1960 4.00+3 3.57+4 H2

1961  8.38+3  3.92+4  CO,Ar

1962  4.94+3  4.79+4 NZ’OZ’CO

1964  2,00+3 9.00+4 H,

1965 3.00+4  1.00+5 H2

1965  3.50+3  3.25+4 NZ,OZ,CO,NO

1967 2,00+3 5.00+4 HZ,He,Ne,Ar,Kr,
Xe

1967  2.504+5  1.0146 Hz,NZ,He,Ar

1972  5.004+3  5.00+44 H,

1977 5.00+2 3.00+3 Hz,He,Ne,Ar,Kr,
Xe

1978  5.00+1  3.00+3 N2,02

1981  5.00+1  3.00+3 H,

Table IV A List of Measurements of Sy 1

Year  Energy Range(eV) Target

1956  9.504+3  2.90 +4 HZ’NZ’OZ’He’Ne’
Ar

1958 9.00+3 3.00 +4 N,

1959  1.97+3  6.63 +4 HZ,NZ,He,Ne,Ar,
Kr,Xe

1963  6.00+3 4.90 +4 H2

1966 1.50+2 6.13 +3 Hz,Be,Ne

1966 2.00+43 5.00 +4 Hz,He,Ne,Ar,Kr,
e

1967  2.53+5  1.025+6 H,,N,

1967 4,00+5 1.00 +6 H2

1968 7.5 +4  2.50 453 HZ,NZ,HZO,He,Ar,
Kr

Method F/T Ref.
G+E F 55
ALE T 4

MS F 23
C F 13
C F 18
G F 40
G F 36
E F 31
MS F 41
G F 64
G F 48
A,C 3
G &7
C 58
C 59
Method F/T Ref.
G F 20
ALE T 4
G 24
G 35
G+C a3
G 63
48

66

G 57



Authors

Stier & Barnett
Barnett & Reynolds
Fogel' et al.

"Curran & Donahue
Donahue & Hushfar
Pilipenko & Fogel'
McClure

Pilipenko & Fogel'
Dimov & Dudnikov
Welsh et al.

Williams

Toburen & Nakai

McNeal & Clark
Puckett et al.
Dagnac et al.
MeKeal
Baribaud et al.
Mennom et al.

Smith et al.

Roussel et al.

Van Zyl et al.
Van Zyl et al.

Table V A List of Measurements of o
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Year Energy Range(eV)
1956  3.00 +3  2.00+5
1958 1.00 +4  1.0046
1958 5.00 +3 4.00+4
1960 4.00 +3  3.60+4
1961  6.22 +3  3.90+4
1962 4.70 +3 4.78+4
1964 2.0 +3  1.30+5
1965 5.00 +3 3.50+4
1967 9.00 +5 1.3 +6
1967  1.027+6  2.44+6
1967 2.00 +3  5.00+4
1968 1.00 +5 2.50+6
1969  1.20 +3  2.50+4
1969 (1.5 +5 4.0 +3)
1970 1.446 +3  5.25+44
1976 1.00 +3  2.30+4
1971  5.00 +3

1975 5.00 +2 3.00+3
1976  2.50 +2  5.00+3
1977 5.00 +2  3.00+3
1978  5.00 +1  3.00+43
1981 6.253 +1  3.00+3

01

Target Method F/T Ref.
H),N,,0, G+E 55
HZ,NZ G+E F 7
HZ,NZ,DZ,He,Ne, G 23
Ar,Kr,Xe
H2 C+A ¥ 13
CO,Ar C+A F 18
HZ’NZ’OZ’CO G F 40
HZ G F 36
OZ’CO MS F 41

m

HZ’NZ’COZ’He T 17
HZ,NZ,He,Ar T 61
HZ,He,Ne,Ar,Kr, F 64
Xe
HZ’NZ’OZ’CO’COZ’ G T 56
CH&’C2H4’C2H6’
CéHlO’C’H2O’HE’
Ar,Kr
NZ C(o_,c+) F 37
H2 C(o_,c+) F 43
HZO G+E F 14
CO,COZ,CH4 C(G”,U+) F 38
HZO C 6
NZ G+E F 39
HZ’NZ’OZ’CO’COZ’ G 51
CBA,He
HZ,He,Ne,Ar,Kr, G F 47
Xe
NZ’OZ C 58
HZ,He C 59



Authors

Stier & Barmett
Rose et al.
Smythe & Toevs
Pilipenko et al.

Dimov & Dudnikov

Kovacs
Williams

Bailey & Mahadevan
Baribaud et al.
Simpson & Gilbody
Risley & Geballe
Heinemeier et al.

Geddes et al.

Authors
Fogel' et al.

Fogel'
Smythe & Toevs

Dimov & Dudnikov

Kovics

Williams
Baribaud et al.
Heinemeier et al.
Geddes et al.

Lichtenberg et al.

Table VI A List of Measurements of o_
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10

Year Energy Range(eV) Target

1956 4.0 +3 3.00+4 HZ’NZ’OZ

1958 4.0 +5 1.4 +6 HZ’OZ’Ar

1965 4.2 +6 1.79+7 HZ’NZ’OZ’HE’Ar

1966 3.0043 3.00+4 OZ,CO,NO

1967 9.0045 1.3 +6 H,,N,,C0,,CHg,

. He

1967 2.00+5  5.00+5 Nz,co2

1967 2.00+3 5.00+4 Hz,He,Ne,Ar,Kr,
Xe

1970 7.39+40  3.48+2 02

1971 5.00+3 HZO

1972 3.00+3 3.00+4 HZ,He,Ar

1974 2.00+2 1.00+4 HZ’NZ’OZ’HE’AI

1876 5.0 +4  5.00+5 Hz,Nz,He,Ar

1980 1.0043  3,00+5 H2

Table VII A List of Measurements of °_11

Year CEnergy Range(eV) Target

1957 4,00+3 3.95+4 HZ’NZ’OZ’He’Ne’
Ar,Xr,Xe

1957 1.03+4  3.18+4 H2

1965 4.2 +6 1.79+7 Hz,NZ,OZ,He,Ar

1967 9.0 +5 1.3 +6 HZ’NZ’COZ’C3H8’
He

1967 2.00+5 5.0045 NZ,CO2

1967 2.00+3 5.00+4 Hz,He,Ne,Ar

1971 5.00+3 HZO

1976 5.0 +4 5.00+5 HZ,NZ,He,Ar

1980 1.0043 3.0045 H2

1980 3.0 +4 2.3 +5 H,,N,,0,,He,Ar

Method F/T Ref.
G F 55
G T 46

G+E T 52
C F 42
G T 17

32
G 65
C F 5
C
A F 50
A F 45
G T 29
G T 25

Method F/T Ref.
G F 21
MS 22

G+E 52
G 17
G 32
G 65
C 6
G 29
G 25
G 34
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2.4 Graphs and Tables of Cross Sections

Note on Tables

E(EV) Projectile Energy in eV
V(10(8)*CM/SEC) ‘Projectile Velocity in 108 cm/sec
STIGMA(CM(2)) Cross Section in cm2
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TABLE 1

PROCESS @ H+ + HZ2 = H (10
RIBE, PHYS. REV. 83 1217 (1951)

ECEV) V(10¢(8)*xCM/SEC) SIGMA(CM{Z))
3.40E+04 2.56E+00 2.04E-16
4. 45E+04 2.93E+400 1.83E-16
4.B3E+0C4 3.05E+00 1.53E-16
4L B7E+04 3.07E+00 1.41E-16
5.39E+04 3.22E+00 1.15E-16
6.25E+04 3.47E+00 7.52E-17
7.29E+04 3.75E+CDO S5.5CE-17
B.11E+04 3.96E+00 3.54E-17
8.88E+04 4 . 14E+00 2.72E-17
1.03E+05 4. 46E+00 1.68E-17
1.09E+05 4 .59E+00 1.47E-17
1.20E+05 4.B1lE+0C 9.70E-18
1.28E+05 4L . 97VE+O0 8.20E-18
1.49E+05 5.36E+00 4 .58E-18

PRQCESS : H+ + HZ2 = H (102
FOGEL® ET AL, SOV. PHYS. JETP 1 415 (1955)

ECEV) V(10(8)*xCM/SEL) SIGMA(CM(2))
1.23E+04 1.54E+00 8.10E-16
1.66E+04 1.79E+00 6.50E-16
2.08E+04 2.00E+CC 5.20E-16
2.54E+04 2.21E+00 4.50E-16
2.97E+04 2.39E+00 3.60E-14
3.30E+04 2.52E+00 3.10E-16
3.67E+04 2.66E+00 2.60E-16

PROCESS @ H+ + HZ = H (107
STEDEFQORD AND HASTED, PROC. ROY. SOC. A227 466 (1955)

ECEV) V{10(8)*xCM/SEC) SIGMA(CM{2))
2.30E+02 2.11E-01 1.10E-16
3.90E+02 2.74E-01 2.30E-16
8.90E+02 4,.14E-01 4.90E-16
1.60E+03 5.56£-01 7.10E-16
2.30E+03 6.66E-01 8.8CtE~16
2.70E+03 7.22E-01 7.90E-16
2.80E+03 7.35E-01 7.50E-16
4. 40E+D3 9.21E-01 8.10E-16
4. 40E+03 9.21E-01 8.20E-16
6.20E+03 1.09E+00 8.40E-16
L.40E+03 1.11E+00 8.70E-16



9.10E+03
9.20E+03
1.40E+04
1.40E+04
1.80E+04
1.90E+04
2.30E+04
2.30E+04
2.70E+04
2.80E+04
3.20E+04
3.20E+04

TABLE
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1.33E+400
1.33E+00
1.64E+00
1.64E+00
1.86E+00
1.91E+00
2.11E+00
2.11E+00
2.28E+00
2.32E+00
2.48E+00
2.48E+C0

1 - CONTINUED

B.10E-16
8.00E-16
6.60E-16
6.50E-16
6.00E-16
5.60E-16
4.50E-16
5.10E-16
3.90E-16
4.20E-16
2.8CE-16
2.60E-16

PROCESS © H+ + H2 = H (10>
STIER AND BARNETT, PHYS. REV. 103 B96 (1956

E{EY) V(10(8)*CM/SEC) SIGMA(CM(2))
4.00E+03 8.7%9E-01 7.6%E-16
6.00E+03 1.08E+00 8.06E-16
8.00E+03 1.24E+C0 8.45E-16
1.00E+04 1.39E+00 8.19E-16
1.20E+04 1.52E+00 7.94E-16
1.60E+04 1.76E+00 6.79E-16
2.00E+04 1.96E+00 5.89E-16
2.50E+04 2.20E+00 5.12E-16
3.00E+04 2.41E+00 4.31E-16
4 . Q0E+04 2.78E+00 2.65E-16
5.00E+0C4 3.11E+00 1.76E-16
&.C0E+04 2.40E+00 1.1%9E-16
7.00E+C4 3.68E+00 7.81E-17
B2.COE+04 3.93E+00C 5.20E-17
1.00E+05 4.39E+00 2.49E-17
1.20E+05 4.81E+0C0 1.31E-17
1.40E+053 5.20E+00 7.46E-18
1.60E+05 5.56E+00 4,18E-18
1.BOE+05 5.89E+00 2.74E-18
2.00E+05 6.21E+00 1.74E-18

PROCESS : H+ + H2 = H (103
BARNETT AND REYNOLDS, PHYS. REV. 109 355 (1958)

ECEVD V10¢(8y*CM/SEL) SIGMAC(CM(22)
2.00E+04 1.96E+00 3.84E-16
5.00E+04 3.11E+C0 1.78E-16
1.00E+05 4.39E+00 2.32E~17
1.50E+05 5.38E+0C 6.92E-18
2.C0E+05 6.21E+00 1.75E-18



PROCESS

2.50E+05
3.50E+05
4 .25E+05
5.00E+05
7.00E+05
2.00E+05
1.00£+06

H+ + HZ
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TABLE 1 - CONTINUED

6.95E+00
8.22E+00
%.06E+00
9.82E+00
1.16E+01
1.32E+01
1.3%9E+01

100

CURRAN ET AL, PHYS.

ECEV?
2.13E+03
2.72E+03
3.38E+03
4. CLE+CS
5.00E+03
5.78E+03
&.89E+03
7.79E+03
B.96E+03
1.03E+04
1.13E+404
1.26E+04
1.35E+04
1.67E+04
1.97E+04
2.32E4+04
2.66E+04
3.04E+04
3.47E+04
3.87E+04
4,.26E+04
4. 69E+04
S.13E+04
5.69E+04

Y(10(8)*LM/SECY

6.41E-01
7.24E-01
8.08E-01
8.83E-01
9.82E-01
1.06E+Q0
1.15E+Q0C
1.23E+00
1.31E+0C0
1.41E+00
1.48E+00
1.56E+00
1.61E+00
1.80E+00
1.95E+00
2.12E+00
2.27E+D0
2.42E+00
2.59E+00
2.73E+00
2.87E+00
3.01E+00
3.15E+00
3.31E+00

3.54E-19
9.72E-20
2.828-20
1.24E-20
2.31E-21
7.27E-22
4.09E-22

114 490 (1959

SIGMACCM(2))

7.24E-16
7.48E-16
7.70E-16
7.B8E-16
7.96E-16
8.10E-16
7.93E-16
7.94E-16
7.86E-16
7.62E-16
7.44LE-16
7.10E-16
6.84E-16
6.19E-16
5.46E-16
4L,.78E-16
4.18E~16
3.62E-16
3.16E-16
2.78E-16
2.36E-16
2.09E-16
1.71E-16
1.47E-16

PROCESS ¢ H+ + HZ = H {109
SCHWIRZKE, Z. PHYSIK 157 510 (1960)

ECEV) V{10{(B)*CM/SEC) SIGMA(CMC2))
$.30E+03 1.34E+00 9.15€-16
1.00E+04 1.39E+00 8.32E-16
1.50E+04% 1.70E+00 6.76E-16
2.00E+04 1.96E+00 5.43E-16
2.50E+04 2.20E+00 4 ,23E-16
3.00E+04 2.41E+00 3.40E-16
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3.50E+04 2.60E+0C 2.73E-16
4.00E+04 2.7BE+00 2.22E-16
4 . 50E+04 2.95E+C0 1.67E-16
5.00E+04 3.11E+00 1.34E-16
5.50E+04 3.26E+00 9.71E-17
6.00E+04 3.40E+00 7.02E-17
PROCESS H+ + H2 = H (103
CRAMER, J. CHEM. PHYS. 35 836 (1961)

EC(EV) V(10(8)*CM/SEC) SIGMA(CM(2))
5.00E+01 9.82E-02 2.26E-17
6.50E+01 1.12E-01 4.52E-17
8.00E+01 1.24E-01 3.96E-17
1.00E+02 1.3%E-01 & .33E-17
1.50E+02 1.70E-01 4,98E-17
2.00E+02 1.946E-01 5.63E-17
2.50E+02 2.20E-01 6.48E-17
3.00E+02 2.41E-01 7.61E-17
4.00E+02 2.78E-01 1.18E-16

PROCESS H+ + H2 = H (100
GORDEEV AND PANOV, SOV. PHYS. TECH. PHYS. 9 656 (1964

ECEVD V(10(8)*CM/SEC) SIGMA(CM(2})
1.0CE+03 4,39E-01 6.24E~16
2.00E+03 6.21E-01 1.12E-15
4 .00E+03 B.79E-01 1.00E-15
6.00E+03 1.08E+00 1.05E-15
1.00E+04 1.3%9E+00 1.05E-15
1.30E+04 1.58E+00 9.66E-16
1.50E+04 1.70E+00 g.57E~-16
1.70E+04 1.81E+00 9.41E-16
2.00E+C4 1.96E+00 8.40E-16
2.50E+04 2.20E+00C 7.73E-16
3.00E+04 2.41E+00 6.63E-16
3.50E+04 2.60E+GO 5.11E-16
4 .00E+04 2.78E+00 S.16E-16

PROCESS H+ + H2 = H (102
ABBE AND ADLOFF, BULL. SC0C. CHIM. FRAN. 6 1212 (1964)

E(EVY) V{10(¢8Y*CM/SEC) SIGMALCM(2))
5.00E+02 3.11E-01 1.65E~16
1.0CE+03 4 .39E-01 2.27E-16
2.00E+C3 6.21E-01 4.28E-16
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TABLE 1 - CONTINUED

PROCESS @ H+ + HZz = H (10)
CHAMBERS, UCRL-14214 (1965)

E(EVD V{10(8)*CM/SEC) SIGMA{(CM(22)
1.00E+03 4.39E-01 5.50E-16
2.00E+03 6.21E-01 7.37E-16
2.BCE+03 7.35E-01 7.8lE-16
3.5CE+03 8.22E-01 7.97E-16
4 . 90E+03 9.72E-01 7.92E-16
5.BOE+03 1.06E+00 B.27E-16
7.70E+03 1.22E£+400 8.02E-16
8.60E+03 1.29E+00 7.89E-16
1.00E+04 1.39E+00 7.80E-16
1.47E+04 1.68E+00 6.24E-16
1.50E+04 1.70E+G0 6.32E-16
2.00E+04 1.946E+00 5.23E-16
2.50E+04 2.20E+00 4L.,L5E-16
3.00E+04 2.41E+00 3.68E-16
3.50E+04 2.60E+00 2.84E-16
4. 00E+04 2.78E+00 2.26E-16
4 .50E+04 2.95E+00 1.88E-16
5.00E+04 3.11E+00 1.43E-16
5.50E+04 3.26E+00 1.26E-16

PROCESS : H+ + H2 = H (13)
HOLLRICHER, Z. PHYS. 187 41 (1965)

EC(EY)D V(10(8Y*CM/SEC? SIGMA(CM(2Z2)
1.53E+03 5.43E~01 6.7T4E-16
3.05E+03 7.67E-01 F.14E-16
7.36E+03 1.19E+00 1.00E-15
9.74E+0O3 1.37E+00 9.69E~-16
1.50E+04 1.70E+00 - 8.20E-16
2.00E+04& 1.96E+00 6.83E-16
2.50E+04 2.20E+00 5.45E~-16
3.00E+04 2.41E+00 4. 45E-16

PROCESS : H+ + H2 = H (10
WILLIAMS AND DUNBAR, PHYS. REV. 149 62 (1966)

ECEV)D V{10(BI*CM/SEC) SIGMA(CM(2))
2.00E+03 6.21E-01 7.34E-16
3.00E+03 7.61E-01 8.40E-16
4 .00E+03 8.79E-01 8.37E-16
5.00E+03 §.82E-01 8.44E-16
6.00E+03 1.08E+00 8.17E-16
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ECEV) V{10(8)xCM/SEC) SIGMAICM(2))
1.00E+04 1.39E+00 8.03E-16
1.50E+04 1.70E+00 6.72E-16
2.00E+04 1.96E+C0 5.60E-16
2.50E+C4 2.20E+00 4L.,78E-16
2.00E+04 2.41E+00 3.97E-16
3.50E+04 2.60E+00 3.25E-16
4L .0CE+04 2.78E+00 2.55E~16
5.00E+04 3.11E+00 1.78E-16
&.00E+04 3.40E+00 1.21E-16
7.00E+04 3.68E+00 B.30E-17
8.00E+04 3.93E+00 6.10E-17
Z.00E+0Q4 4,.17E+00 4.70E-17
1.00E+05 4.39E+00 3.30E-17
1.10E+05 4.61E+0Q0 1.70E-17
1.20E+05 4.81E+00 1.20E-17
1.30E+05 5.01E+00 1.10E-17
1.40E+05 5.20E+00 6_.00E-18

PROCESS H+ + HZ = H (100
DESEQUELLES ET AL, COMPT. REND. B262 1329 (1966)
ECEV) V(10(8)*CM/SEC) SIGMACCML(2Z2))
Z.00E+04 2.41E+00 2.40E-16
5.00E+0C4 3.11E+400 ¢.79E-17
7.00E+0Q4 3.6BE+00 4 42E-17

JAERT M 83013

TABLE 1 - CONTINUED

7.00E+03 1.16E+00 B.49E-16
8.00E+03 1.24E+00 8.56E-16
9.00E+03 1.32E+00 8.55E-16
1.00E+04 1.39E+00 8.21E-16
1.20E+04 1.52E+00 7.06E-16
1.50E+04 1.70E+00 6.84LE~16
1.80E+04 1.86E+00 5.88E-16
2.00E+04 1.96E+00 5.76E-16
2.60E+04 2.24E+00 L.82E-16
3.00E+04 2.41E+00 3.82E-16
3. 60E+04 2.6LE+00 3.09E-16
4L .00E+04 2.78E+00 2.64E-16
4L.60E+04 2.98E+00 2.14E-16
5.00E+04 3.11E+00 1.70E-16
PROCESS H+ + H2 = H (100

PHYSICA 32 1766 (1966)
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TABLE 1 - CONTINUED

PROCESS * H+4 + H2 = H (103
SCHRYBER, HELV. PHYS. ACTA A4C 1023 (1967)

ECEV)D V{10{(8)*x(M/SEC) SIGMA(CM(2))
1.04E+06 1.42E+01 5.80E-22
1.43E+06 1.66E+01 7.50E-23
2.05E+06 1.99E+01 1.70E-23
2.586E+06 2.22E+01 4,10E-24
3.2BE+06 2.52E+01 1.70E-24

PROCESS ¢ H+ + H2 = H (102
WELSH ET AL, PHYS. REV. 158 85 (1967)

ECEV) V{10(B8Y*xCM/SEC) SIGMA(CM(2))
4.60E+05 $.21E+00 3.60E-20
6.54E+05 1.12E+01 4.00E-21
8.51E+05 1.28E+01 1.10E-21
1.06E+08 1.43E+01 3.50E-22
2.45E+06 2.17E+01 6.00E-24

PROCESS : H+ + H2 = H (10}
TOBUREN AND NAKAI, PHYS. REV. 171 114 (19683

ECEV) Y(10(8>*xCM/SEC) SIGMA(CM(2))
1.00E+05 4. 39E+0C 2.8B6E-17
2.00E+05 7.61E+00 2.42E-19
5.50E+05 1.03E+01 1.11E-20
B8.00E+05 1.24E+01 1.56E-21
1.00E+06 1.3%E+01 L, 74E~22
1.25E+06 1.55E+01 1.25E-22
1.50E+06 1.70E+01 5.18E-23
1.75E+06 1.84E+01 1.6%E-23

PROCESS : H+ + H2 = H (100
WILLIAMS, PHYS. REV. 179 240 (1969)

ECEV) V{10(83Y*CM/SEC) : SIGMA{CM(2))
4L 40E+05 $.22E+00 4.00E-20
5.00E+05 2.82E+0Q0 2.00E-20
6.00E+05 1.08E+01 7.60E-21
7.00E+05 1.16E+01 3.60E-21
8.00E+05 1.24E+01 1.90E-21
8.80E+05 1.30E+01 @.20E-22
1.00E+06 1.39E+01 4.00E-22



1.258+06
1.5CE+06
1.75E+06
2.00E+06

TABLE

JAERI- M 83—1013

1 - CONTINUED

1.55E+01
1.70E+01
1.84E+01
1.96E+01

$.60E-23
1.90E-23
8.40E-24
2.30E-24

PROCESS : H+ + H2 = H <¢10)
AFROSIMOV ET AL, SOV. PHYS. JETP 29 648 (1969

ECEV) V{(10(8)*CM/SEC) SIGMACCM(Z2))D
5.00E+03 9.82E-01 G.24E-16
1.C0E+04 1.39E+00 8.86E-16
1.50E+04 1.70E+00 7.61E-16
2.00E+04 1.96E+00 6.30E-16
2.50E+04 2.20E+00 5.15E-16
3.00E+4+04 2.41E+0C0 4.11E-16
3.50E+04 2.60E+00 3.38E-16
4 . D0E+0Q4 2.78E+00 2.65E-16
4.50E+0C4 2.95E+0Q0 2.13E~16
5.00E+04 2.11E+00 1.62E-16



(cm?)

Cross Section

JAERI—M 83— 013

Fig. 2 H++ Nz"‘ H (010)

K=
S S 1 R 11 11 B A A1 A MR
107" —;
1078 & ';
107" & ';
107" & ;
= % =
107 & @% =
102 :_#’ Stier and Barnett (13956) ® :
= Gilbody and Hasted (1856) 5
. Barnet! and Reynolds (1958) -
— % Gustafsson and Lindhoim (1960) % ]
| 2 Abbe and Adloff (1964) o
10 = X Desequelles et al (1966) E
- 1 de Heer et ai (18966) -
~ @ Schryber (1967) 7]
. @ Welsh et al (1967)
10 E® Toburen ond Nakai {1968) =
= ¢ McNeal and Clark (1969) -
- © Monnom et al (18975 -
2 o v o vvvnnd vl v vl v ol 1 vl py e
10° 10! 102 10° 10° 10° 10° o’ 10®

Projectile Energy (eV)



JAERI - M 83—013

— 30

TABLE 2
PROCESS M+ + N2 = H (10D
STIER AND BARNETT, PHYS. REV. 103 B%96 (1956)
E(EV) V(10(B8Y*CM/SEC) SIGMACLM(22)
4L .Q0E+03 8.79£-01 1.15E-15
6.00E+03 1.08E+00 1.10E-15
8.00E+03 1.24E+00 1.15E-15
1.00E+04 1.39E+00 1.06E-15
1.20E+04 1.52E+00 9.96E-16
1.60E+Q4 1.76E+C0 B.50E-16
2.00E+04 1.96E+00C 7.26E-16
2.50E+04 2.20E+00 6.50E-16
3.00E+04 2.41E+00 5.72E-16
4 .00E+04 2.78E+00 4L ,37E-16
5.C0E+0Q4 3.11E+0Q0 3.29E-16
6.00E+04 3.40E+00 2.64E~16
7.00E+04 3.468E+00 2.05E-16
8.00E+04 3.93E+00 1.45E-16
1.00E+05 4.39E+00 9.89E~-17
1.20E+05 4.81E+00 6.06E-17
1.40E+05 5.20E+C0O 4.08E-17
1.60E+05 5.56E+00 2.75E-17
1.8CE+GS 5.8%9E+00 1.97E-17
2.00E+05 6.21E+00 1.44E-17
PROCESS H+ + N2 = H (10D
GILBODY AND HASTED, PROC. ROY. SOC. A238 334 (1956)
ECEVD V(10(8)*CM/SEC) SIGMACCM(2))

1.00E+02 1.39E-01 3.86E-17
4L .50E+02 2.95E-01 2.57E-16
8.40E+02 4.C3E-01 8.33E-16
1.60E+03 5.56E-01 1.29E-15
2.50E+03 6.95E-01 1.48E-15
4 ,7CE+03 9.52E-01 1.73E-15
6.80E+03 1.15E+00 1.62E-15
8.40E+03 1.27E+Q0 1.44E-15
1.00E+04 1.3%9E+00 1.31E-15
1.860E+04 1.76E+00 9.43E-16
2.00E+Q4 1.96E+00 B.59E-16
2.20E+04 2.06E+00 B.13E-16
2.70E+04 2.28E+00 6.06E-16
3.60E+04 2.64E+00 4.65E-16
3.80E+04 2.71E+00 4.12E-16
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TABLE 2 - CONTINUED

PROCESS ¢ H+ + N2 = H (103
BARNETT AND REYNOLDS, PHYS. REV. 109 355 (1958)

ECEYD V{10(8Y*CM/SEC) SIGMACCM(Z2))
1.0CE+04 1.39E+00 1.07E-15
2.00E+04 1.96E+00 7.73E-16
5.00E+0Q4 3.11E+00 3.37E-16
1.00E+05 4.39E+00 1.00E-16
1.50E+05 5.3BE+00 4, 47TE-17
2.00E+05 6.21E+00 1.54E-17
2.50E+05 6.95E+00 6.05E-18
3.50E+05 8.22E+00 1.55E-18
4.25E+05 2.06E+00 7.84E-19
5.0CCE+G5 ?.82E+00 4.38E-19
7.00E+05 1.16E+01 1.31E-19
9.00E+05 1.32E+01 6.85E-20
1.00E+06 1.39E+01 4.14E-20

PROCESS : H+ + N2 = H (10D
GUSTAFSSON AND LINDHOLM, ARK. FYS. 18 219 (1%460)

ECEV)Y V(10(8Y*CM/SEDD SIGMACCM{Z2))
5.00E+01 9.82E-02 3.00E-18
1.50E+02 1.70E-01 3.00E-17
4.00E+02 2.78E-01 1.50E-16
9.00E+02 4.17E-01 4.50E~-16

PROCESS : H+ + N2 = H (102
ABBE AND ADLOFF, BULL. SOC. CHIM. FRAN. &6 1212 (1964)

ECEV)Y V10(B8Y*CM/SEC) SIGMALCM(2))
5.00E+02 3.11E-01 3.46E-16
1.00E+03 4, 39E-01L 5.70E-16
2.00E+C3 6.21E-01 1.00E-15

PROCESS : H+ + N2 = H (10>
DESEQUELLES ET AL, COMPT. REND. B262 1329 (19660

ECEVD V{10(8BY*CM/SED) SIGMA(CM(2))
2.50E+04 2.20E+00 4,99E-16
3.00E+04 2.41E+00 3.93E-16
4 . 00E+Q4 2.78E+00 2.56E-16
5.00E+04 3.11E+00 2.12E-16
7.00E+04 3.68E+00 1.21E-16



JAERI—M 83 013

TABLE 2 - CONTINUED

PROCESS * H+ + N2 = H (102
DE HEER ET AL, PHYSICA 32 17686 (19686)

ECEV) V{10(B)*CM/SEC) SIGMACCM(22)
1.00E+04 1.39E+00 1.01E-15
1.50E+04 1.70E+00 7.84E-16
2.00E+04 1.96E+00 6.80E-16
2.50E+04 2.20E+00 6.37E-16
3.00E+0Q4 2.41TE+00 5.34E-16
3.50E+04 2.60E+00 4.B3E-16
4.00E+04 2.78E+00 3.95E-16
5.00E+04 3.11E+400 3.23E-16
6.00E+04 3.40E+00 2.65E-14
7.00E+04 3.68E+00 2.22E-16
8.00E+04 3.93E+00 1.80E~16
9.00E+04 4.17E+0Q0 1.55E-16
1.00E+05 4.39E+00 1.22E-16
1.10E+05 4 .61E+0Q0 F.40E-17
1.20E+05 4.81E+00 7.80E-17
1.30E+05 5.01E+00 6.90E-17
1.4C£+05 5.20E+00 5.80E-17

PROCESS @ H+ + N2 = H (102
SCHRYBER, HELV. PHYS. ACTA A40 1023 (1967)

ECEV) V(10(8)*CM/SEC) SIGMA(CM(2))
1.04E+06 1.42E+01 4.30E-20
1.43E+06 1.66E+01 1.50E-20
2.05E+C6 1.99E+01 5.80E-21
2.56E+C6 2.22E+01 2.10E-21
3.28E+06 2.52E+01 1.00E-21
4 .18E+06 2.84E+01 3.20E-22
L. 37E+06 2.90E+01 2.40E-22

PRCCESS @ H+ + N2 = H (10
WEL.SH ET AL, PHYS. REV. 158 85 (1967)

ECEV) V(10(8Y*CM/SEC) SIGMA(CM(Z2))
4 ,.40E+05 $.21E+00 9.8CE-19
&.54E+05 1.12E+01 2.50E-19
8.51E+405 1.28E+01 ?.8CE-20
1.06E+046 1.43E+01 5.10E-20
2.51E+06 2.20E+01 2.10E-21
4L .79E+06 3.04E+01 1.40E-22
1.38E+07 5.16E+01 9.90E-25



JALRI —M 83 —013

TABLE 2 - CONTINUED

PROCESS H+ + N2 = H (10D
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)
ECEYD V(10(8)x*CM/SEL) SIGMA{CM(2))
1.00E+05 4 . 39E+00 9.00E-17
2.00E+05 6.21E+00 1.54E-17
3.00E+05 7.61E+00 3.42E-18
4.00E+05 8.79E+00 1.0%E-18
5.50E+05 1.03E+01 4.30E-19
8.00E+05 1.24E+01 1.18BE-19
1.00E+0C6 1.39E+01 S.77E-20
1.25E+4068 1.55E+0% 3.20E-20
1.50E+06 1.70E+01 1.71E-20
1.75E+06 1.84E+01 1.02E-20
2.00E+086 1.96E+01 6.90E-21
2.25E+06 2.0BE+01 4. 40E-21
2.50E+06 2.20E+01 2.95E-21
PROCESS H+ + N2 = H (100
MCNEAL AND CLARK, J. GEOPHYS. RES. 74 5065 (1969
E(EV) V(10(¢(8)*CM/SEC) SIGMA(CCM(2))
2.50E+03 &.95E-01 9.93E-16
2.90E+03 7.48E-01 1.02E-15
3.9C0E+03 8.67E-01 1.07E-15
4L.90E+03 9.72E-01 1.10E-15
5.90E+03 1.07E+00 1.12E-15
7.B0E+03 1.23E+00 1.04E-15
1.00E+04 1.39E+00 9.77E-16
1.50E+04 1.70E+00 8.28E-16
2.00E+04 1.96E+00 6.96E-16
PROCESS Ht + N2 = H (10D
MONNOM ET AL, COMPT. REND. B281 425 (1975}
ECEV)D V(10(8)xCM/SEC) SIGMA(CM(2))
1.00E+02 1.39E-01 2.23E-17
1.50E+C2 1.70E-01 3.76E-17
2.00E+02 1.96E-01 6.65E-17
3.00E+0Q¢2 2.41E-01 1.57E-16
5.00E+02 3.11E-01 L.646E-16
7.00E+02 3.68E-01 7.644E-16
1.C0E+0C3 4.39E-01 1.08E-15
1.40E+C3 5.20E-01 1.31€-15
2.00E+03 6.21E-01 1.49E-15
2.60E+03 7.08E-01 1.54E-15
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Fig. 3 H* + 02"” H (GIO)

lo—lll ’

SEE N RSt AL AL A L B ALl B BRI I RALLL BRI
Tos b —;
107" &= =
IO-” =" -

.y 2 © -
e - .
ol © =
c = ® 3
o - i
- i ®

19 | —=
43 10 S =
@ - @° -
e B ® _

o 107 ® -

w = =

o — % _

C - —

< o ® =

= @ -

107% ; =

"FE & Stier ond Barnett (1956) 3

— % Stebbings et al (1964) ]

Ly | X Desequelles et ol (1966)

0™ B de Heer et al (1866) =

= @ Schryber (1967) =

- ® Toburen ond Nakai (1868) —

|02 L Croad o ool o vl vrvd crrrnel e el
10° 10! 102 10° 101 10° 10° 107 108

Projectile Energy (eV)



JAERL © M 83—013
TABLE 3
PROCESS H+ + 02 = H (10
STIER AND BARNETT, PHYS. REV. 103 896 (1956)
ECEV) V(10C(8Y*CM/SEL) SIGMA(CM(2))
4 .00E+03 8.79E-01 9.55E-16
6.00E+03 1.08E+00 8.80E-16
8.00E+03 1.24E+00 8.36E-16
1.00E+04 1.39E+00 7.82E-16
1.20E+04 1.52E+00 7.21E-16
1.60E+04 1.74E+00 6.04E-16
2.00E+04% 1.96E+00 5.55E-16
2.50E+04 2.20E+00 5.11E-16
3.00E+04 2.41E+00 4L.S56E-16
4L .00E+04 2.78E+00 3.52E-16
5.00E+04 3.11E+00 2.80E-16
6.00E+04 3.40E+00 2.31E-16
7.00E+04 3.68E+00 1.84E-16
8.00E+04 3.93E+00 1.57E-16
1.00E+05 4L,.39E+00 1.06E-16
1.20E+05 4.81E+00 7.36E-17
1.40E+05 5.20E+00 5.25E-17
1.60E+05 5.56E+00 3.70E-17
1.80E+05 5.89E+00 2.81E-17
2.00E+05 6.21E+00 2.07E-17
PROCESS H+ + 02 = H (10)
STEBBINGS ET AL, J. GEOPHYS. RES. 69 2349 (1964)
ECEV) V(10 (BY*CM/SEC) SIGMACCM(2))
5.20E+01 1.00E-01 1.45E-15
S.65E+01 1.04€-01 1.56E-15
S.70E+01 1.05E-01 1.39E-15
7.02E+01 1.16E-01 1.58E-15
7.92E+01 1.24E-01 1.75E~-15
8.76E+01 1.30E-01 1.78E-15
1.02E+02 1.40E-01 1.61E-15
1.30E+02 1.58E-01 1.72E-15
1.39E+02 1.64E-01 1.69E-15
1.58E+02 1.75E-01 1.86E-15
2.09E+02 2.01E-01 1.80E-15
2.40E+02 2.15E-01 1.72E-15
2.49E+02 2.19E-01 1.62E-15
3.15E+02 2.47E-01 1.62E-15
3.27E+02 2.51E-01 1.65E-15
I.6LE+D2 2.65E-01 1.55E-15
4L.52E+02 2.95e-01 1.40E-15
6.06E+02 3.42E-01 1.37E-15
6.61E+02 3.52E-01 1.36E~153
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TARLE 3 - CONTINUED

8.278+02 3.99E-01 1.20E-15
8.49E+02 4.05E-01 1.26E-15
8.60E+02 4.07E-01 1.09E-15
1.28E+03 4£.97E-01 1.C%E-15
1.62E+03 5.59E-01 1.04E-15
1.9CE+03 6.05E-01 1.06E~15
1.91E+03 6.07E-01 1.01E-13
2.89E+03 7.47E-01 1.02E-15
3.06E+03 7.68E-01 9.99E-16
3.34E+03 8.03E-01 9.50E-16
3.91E+03 8.6%E-01 9.68E-16
4 ,36E+03 9.17E-01 9.93E-16
4.9ZE+03 9.74E-01 9.68E-16
6.34E+03 1.11E+C0 9.10E-16
8.02E+03 1.24E+00 8.22E-16
1.00E+04 1.39E400 8.66E-16

PROCESS ¢ H+ + 02 = H (1)
DESEQUELLES ET AL, COMPT. REND. B262 1329 (1966)

ECEV) V{10(8)*CM/SEC) SIGMA(CM{2))
2.50E+04 2.20E+00 4.73E-16
3.00E+04 2.41E+00 3.87E-16
4L.00E+04 2.78E+00 2.99E-16
5.00E+04 3.11E+00 2.21E-16
&.25E+04 3.47E+00 1.69E~-16
7.10E+Q4 3.70E+00 1.36E-16

PROCESS H+ + 02 (103
DE HEER ET AL, PHYSICA 32 1766 (1966)

ECEV) V(10(BY*xCM/SEC) SIGMACCM(2))
1.00E+04 1.39E+00 7.60E-16
1.50E+04 1.70E+00 6.54E-16
2.00E+04 1.96E+00 5.70E-16
2.50E+04 2.20E+00 5.05E-16
3.00E+04 2.41E+400 4.52E-16
3.50E+04 2.60E+00 4£.01E~16
4. 00E+0Q4 2.78E+00 3.80E-16
5.00E+04 3.11E+00 2.90E-16
&.00E+04 3.40E+00 2.43E-16
7.00E+C4 3.68E+00 2.05E-16
8.00E+04 3.93E+00 1.82E-15
9.00E+04 4L.17E+00 1.59E-16
1.00E+05 4,.39E+00 1.45E-16
1.10E+05 4. 61E+CO 1.43E-16
1.20E+05 4.81E+00 1.30E-16
1.3CE+05 5.01E+00 1.07E-16
1.40E+05 5.20E+00 9.20E-17
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TABLE 3 - CONTINUED

PROCESS H+ + 02 = H (100
SCHRYBER, HELV. PHYS. ACTA A40 1023 (19672
ECEV) V{10(8)*CM/SEC) SIGMACCM(2))
1.04E+04% 1.42E+01 4.60E-20
2.05E+06 1.99E+01 6.20E-22
3.28E+06 2.52E+01 1.30E-21
4.37E406 2.90E+01 3.50E-22
PROCESS H+ + 02 = H (10D
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)
ECEV) V{10(BI*CM/SEC) SIGMA(CM(2))

1.00E+05 4 39E+00 9.B0E-17
2.00E+05 6.21E+00 1.78E-17
3.00E+05 7.61E+00 5.01E-18
4 ,00E+05 8.72E+00 1.56E-18
5.50E+05 1.03E+01 5.50E-19
8.00E+05 1.24E+01 1.33E-19
1.00E+06 1.3%9E+01 6.85E-20
1.25E+06 1.55E+01 3.18E-20
1.50E+06 1.70E+01 1.94E-20
1.75E+06 1.84E+01 1.07E-20
2.00E+06 1.96E+01 6.97E-21
2.25E+06 2.08BE+01 4.25E-21
2.50E+06 2.20E+01 3.55E-21
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Fig. 4 H' + H0 -~ H (oy)
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TABLE 4

PROCESS ¢ H+ + H20 = H (103
CHAMBERS, UCRL-14214 (1965)

ECEV) V(10(8)*CM/SEC) SIGMACCM(2))
1.40E+03 5.20E-01 2.42E-15
2.70E+03 7.22E-01 2.61E~15
3.50E+03 8.22E-01 2.16E~15
4.00E+03 8.79E-01 2.08E-15
S.40E+03 1.02E+00 1.93E-15
6.20E+03 1.09E+00 1.82E-15
7.40E+03 1.19E+00 1.64E-15
8.10E+03 1.25E+00 1.68E~15
9.20E+03 1.33E+00 1.57E-15
1.00E+04 1.39£400 1.39E-15
1.50E+04 1.70E+00 1.39€-15
2.00E+04 1.96E+00 9.48E-16
2.50E+04 2.20E+00 8.31E-16
3.00E+04 2.41E+00 7.35E-16
3.50E+04 2.6CE+00 5.87E-16
4. O0E+04 2.78E+00 5.47E-16
4.50E+04 2.95E+00 L.61E-16
5.00E+04 3.11E+00 4.09E-16

PROCESS : H+ + H20 = H (10D
TOBUREN AND NAKAI, PHYS. REV. 171 114 (19683)

ECEVD V{10(8)Y*CM/SEC) SIGMA(CM(23)
1.00E+05 4 . 39E+00 9.60E-17
2.00E+05 6.21E+00 1.01E-17
3.00E+05 7.561E+00 3.06E-18
4.00E+0C3 8.7%E+00 ?.70E-19
S.50E+C5 1.03E+01 2.15-19
8.00E+05 1.24E+01 6.80E-20
1.00E+0Q6 "1.39E+01 2.81E-20
1.25E+06 1.55E+01 1.69E-20
1.50E+06 1.70E+01 9.05E-21
1.75E+06 1.84E+01 5.21E-21
2.00E+06 1.946E+01 3.25E-21
2.25E+06 2.08E+01 2.15E-21
2.50E+06 2.20E+01 1.65E-21

PROCESS : H+ + H20 = H (102
COPLAN AND OGILVIE, J. CHEM. PHYS. 52 4154 (1970)

ECEV) V(1C(8Y*xCM/SECS SIGMACLM(2))
1.00E+02 1.3%E-01 7.60E-15
2.00E+02 1.96E-01 5.70E-15
3.00E+02 2.41E~01 8.70E-15
5.00E+02 3.11E-01 4,20E-15
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TABLE

H+ + H20 = H
BERKNER ET A

PROCESS

E(EV)
1.50E+02
3.00E+02
5.00E+02
1.00E+03
2.00E+03
3.00E+03
5.00E+03
1.00E+04
2.00E+04
3.50E+04

H+ + H20 = H
DAGNAC ET AL

PROCESS

ECEV)
1.44E+03
2.00E+G3
3.00E+C3
4.00E+C3
5.CCE+(C3
1.15E+04
1.7C0E+0C4
3.00E+0Q4
4L 16E+04
5.25E+04

H+ + H20 = H
BARIBAUD ET

PROCESS

ECEV?
5.0CE+03

{107

L, NUCL.

1.70E-01
2.41E-01
3.11E-01
4L.39E-01
6.21E-01
7.61E~-01
9.82E-01
1.39E+00
1.96E+00
2.60E+00

(107
PRNRUIN

5.27E-01
6.21E-01
7.61E-01
8.79E-01
2.82E-01
1.49E+C0
1.81E+00
2.41E+00O
2.B3E4+00
3.18E+00

(103
AL,

9.82E-01

PHYS.

COMPT.

4 - CONTINUED

FUSION 10 145

Y(10(8)*CM/SEC)

V(10(8)xCM/SEC?

REND.

V(10(8>*CM/SEC)

(1970)

SIGMACCM(2))

2.55E-15
2.40E-15
2.25E~-15
2.05E-15
1.80E-153
1.65E-15
1.40E-15
1.10E-15
7.40E-16
4.70E-16

B3 1239 (19703

SIGMACCM(2))

1.46E-15
1.18E-15
1.32E-15
1.27E-15
1.01E-15
8.17E-16
7.50E-16
5.16E-16
4 ,05E-16
2.99E-16

B272 457 (1971)

SIGMA(CM{2))

1.40E-15
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Fig. 5 H' + 00 = H (ay)
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TABLE 5
PROCESS H+ + CO = H (10
GILBODY AND HASTED, PROC. ROY. SOC. A238 334 (19562
ECEV) V{10(BY*xCM/SEC) SIGMA(CCM(2))
1.50E+01 5.38E-02 4.52E-16
8.00E+01 1.24E-01 B.76E-16
3.55E+02 2.62E-01 2.68BE-15
8.41E+02 4L.03E-01 2.6B8E-15
1.47E+03 S.33E-01 2.68E-15%
1.53E+03 5.43E-01 2.72E-15
2.36E+03 6.75E-01 2.69E-15
4L AGE+Q3 9.51E-01 2.66E-15
7.14E+0Q03 1.17E+00 2.45E-15
9.26E+03 1.34E+00 2.11E-15
1.18E+04 1.51E+00 2.01E-15
2.10E+04 2.01E+00 1.37E-15
2.46E+04 2.18BE+00 1.15E-15
3.15E+0Q4 2.47E+00Q 9.93E-16
2.79E+04 2.70E+00 8.82E~16
PROCESS : H+ + CO = H (10D
GUSTAFSSON AND LINDHOLM, ARK. FYS. 1B 219 (1960
ECEVD V(10(8)Y*CM/SEC) SIGMA(CM(2Z2))
2.50E+01 6.95E-02 5.00E-16
5.00E+01 9.82E-02 8.00E-16
1.50E+02 1.70E-01 2.00E-15
& ., 00E+02 2.78E-01 1.80E-15
9.00E+02 4L.17E-01 1.70E~15
PROCESS H+ + C0O = H (102
CHAMBERS, UCRL-14214 (19455
ECEV) Y(10<¢8)%®CM/SEC) SIGMA(CCM(2))
3.30E+03 7.98E-01 1.40E-15
5.40E+03 1.02E+00 1.33E-15
1.00E+04 1.39E+00 1.03E-15
1.50E+0C4 1.70E+00 8.29E-16
2.00E+0C4 1.96E+0Q0D 6.35E-16
2.50E+04 2.20E+00 5.82E-16
3I.00E+04 2.4L1E+00 &L .B4E-16
3.50E+04 2.60E+00 3.92E-156
4. 00E+04 2.78E+Q0 3.23E-16
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TABLE 5 - CONTINUED

PROCESS @ H+ 4+ CC = H (10)
DESEQUELLES ET AL, COMPT. REND. B262 1329 (1966)

E(EV) V{10(8)%CM/SEC) SIGMACCM(2))
2.50E+04 2.20E+00 5.10E-16
3.00E+04 2.41E+00 4L.58E~16
4.00E+04 2.78E+00 3.55E-16
5.00E+04 3.11E+00 2.90E~16
7.00E+04 3.68E+00 1.71E-16

PROCESS @ H+ + C0O = H (10D
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEV) V(10(8)*CM/SEC? SIGMAL(CM(Z2))
1.00E+05 4,.39E+00 1.01E-16
2.0CE+05 6.21E+00 1.50E-17
3.00E+05 7.61E+00 4.33E-18
4 ,00E+05 B.79E+00 1.10E-18
5.50E+05 1.03E+01 4 .92E-19
8.00E+05 1.24E401 1.25E-19
1.00E+06 1.39E+01 6.65E-20
1.25E+06 1.55E+01 3.58E-20
1.50E+06 1.70E+01 1.70E-20
1.75E+06 1.84E+01 1.05E-20
2.00E+06 1.96E+01 5.35E-21%
2.25E+06 2.08E+01 4,29E-21
2.50E+06 2.20E+01 3.01E-21%

PROCESS : H+ + €0 = H (10D
BERKNER ET AL, NUCL. FUSION 10 145 (1970)

E(EV] V(10(BY*LM/SEL) SIGMALCM(2))
1.50E+02 1.70E-01 1.90E-15
3.00E+02 2.41E-01 1.90E-15
5.00E+02 3.12E-01 1.85E-15
1.00E+03 4 .39E-01 1.80E-15
2.00E+03 4.21E-01 1.70E-15
3.00E+03 7.61E-01 1.60E-15
S.00E+03 9.82E-01 1.45E-15
1.C0E+04 1.3%E+00 1.20E-15
2.00E+04 1.96E+00C 7.80E-16
3.50E+04 2.60E+00 4,50E-16
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TABLE 5 - CONTINUED

PROCESS H+ + CO = H (102
MCNEAL, J. CHEM. PHYS. 53 4308 (1970
ECEV) V{(L0(BY*CM/SEC) SIGMACCM{Z2))
1.C0E+03 4.39E-01 1.36E-15
1.2CE+03 4.B1E-01 1.38BE-15
2.00E+03 6.21E-01 1.36E-15
2.50E+03 6.95E-01 1.32E-15
3.00E+03 7.61E-01 1.33E-15
4.0CE+4+03 8.79E-01 1.31E-15
5.00E+03 9.82E-01 1.26E-15
7.00E+03 1.16E+0CO 1.16E-15
1.00E+04 1.3%E+00 1.05E-15
1.50E+04 1.70E+00 8.8B2E-16
2.00E+04 1.96E+00 7.71E~-16
2.50E+04 2.20E+0C0 6.29E-16
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Fig. 6 H' + C0, - H (04
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TABLE 6

PROCESS : H+ + (02 = H (10D
DESEQUELLES ET AL, COMPT. REND. B262 1329 (1966)

ECEV) V(10 (8)Y*CM/SEC) SIGMACCM(2))
2.50E+04 2.20E+00 6.90E-16
3.00E+04 2.41E+00 5.83E~16
4. 00E+04 2.78E+00 4. 77E-16
S.10E+04 3.14E+00 3.98E-16
6.00E+04 3.40E+00 3.13E-16
7.30E+04 3.75E+00 2.64E-16
9.50E+04 4 .2BE+00 1.83E-16

PROCESS @ H+ + €02 = H (10)
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEVD V(10(8)Y*CM/SECS SIGMA(CM(2))
1.00E+05 4 .39E+00 1.51E-16
2.00E+053 6.21E+00 2.26E~17
3.00E+C3 7.61E+00 6.41E-18
4 . Q0E+05 B.79E+00 2.25E-18
5.50E+05 1.03E+01 7.50E-19
B.0OE+0O> 1.24E+01 1.93E-19
1.00E+06 1.39E+01 8.97E-20
1.25E+06 1.55E+01 5.14E-20
1.50E+06 1.70E+01 2.41E-20
1.75E+06 1.84E+01 1.53E-20
2.00E+06 1.96E+01 9.73E-21
2.25E+06 2.08E+01 6.63E-21
2.50E+06 2.20E+01 3.62E-21

PROCESS : H+ + C02 = H (107
COPLAN AND OGILVIE, J. CHEM. PHYS. 52 4154 (1970)

ECEV) V{(10(8)*CM/SEC) SIGMAC(CM(2)2
1.00E+02 1.39E-01 1.20E-15
2.00E+02 1.96E-01 2.5CE-15
3.00E+02 2.41E-01 9.00E-186
5.00E+02 3.11E-01 1.20E-15
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TABLE © ~ CONTINUED

H+ + C02 = H (10D

PROCESS
MCNEAL, J. CHEM. PHYS. 53 4308 (1970)

ECEVD V(10(8)*xCM/SEC) SIGMAC(CM(23)
1.00E+03 4.39E-01 1.34E-15
1.2CE+03 4,.81E-01 1.30E-15
1.50E+03 5.38E-01 1.28E-15
2.00E+03 6.21E-01 1.24E-15
2.50E+03 6.95E-01 1.28E~15
3.00E+03 7.61E-01 1.21E-15
4 .00E+03 8§.79E-01 1.17E-15
5.00E+03 ?.82E-01 1.14E-15
7.00E+03 1.16E+00 1.08E-15
1.00E+04 1.39E+00 1.01E-15
1.20E+04 1.52E+400 8.90E-16
1.50E+04 1.7CE+00 8.23E-16
2.00E+04 1.96E+00 6.85E-16
2.50E+04 2.20E+00 6.08E-16
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Fig. 7 H++ CH4" H (OIO]
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TABLE /

PROCESS * H+ + CH& = H (10)
CHAMBERS, UCRL-14214 (19653

ECEV) V(10(8)*%CM/SEC) SIGMALCM(2))
5S.00E+03 9.82E-01 1.42E-15
1.00E+04 1.39E+00 1.10E-15
1.50E+04 1.70E+00 9.40E-16
2.00E+04 1.96E+00 9.14E-16
2.50E+04 J.20E+00 7.56E-16
3.00E+04 2.41E+00 6.33E-16
3.S50E+04 2.60E+00 5.19E-16
4.00E+04 2.78E+00 L, 60E~-16

PROCESS : H+ 4+ CH4 = H (13
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEV) V(10(8)xCM/SECD SIGMACCLM(2))
1.0CE+C5S 4 .39E+00 1.08E-16
2.00E+05 6.21E+00 8.00E-18
3.00E+05 7.61E+0Q0 1.87E-18
4. 00E+0Q5 B.79E+0Q0 4. LTE-19
5.50E+05 1.03E+01 2.00E-19
8.00E+0Q5 1.24E+01 6.11E-20
1.00E+06 1.39E+01 3.11E-20
1.25E+06 1.55E+01 1.43E-20
1.50E+06 1.70E+01 8.07E-21
1.75E+06 1.84E+01 5.05E-21
2.00E+06 1.96E+01L 3.19E-21
2.25E+06 2.08E+01 1.93E-21
2.50E+06 2.20E+01 1.16£-21

PRGCESS ¢ H+ + CH4 = H (10>
BERKNER ET AL, NUCL. FUSION 10 145 (1970)

ECEV) V(10(8)=*CM/SEC) SIGMA(CM(2))
1.50E+02 1.70E-01 2.70E-15
3.00E+02 2.41E-01 2.60E-15
5.00E+02 3.11E-01 1.85E-15
1.00E+03 4,.39E-01 1.80E-15
2.0CE+03 6.21E-01 2.15E-15
3.00E+03 7.61E-01 2.00E-15
5.00E+03 $.82E-01 1.80E-15
1.00E+04 1.39E+00 1.45E-15
2.00E+04 1.96E+00 1.05E-15
3.50E+04 2.60E+00 6.70E-16
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TaBLE 7 - CONTINUED

PROCESS H+ + CH4 = H (10D
MCNEAL, J. CHEM, PHYS. 53 4308 (1970
ECEV) V(10(8)Y*CM/SEC) SIGMACCM(2))
1.00E+03 4,.39E-01 1.92E-15
1.50E+03 5.38E-01 1.84E-15
2.00E+03 6.21E-01 1.66E-15
2.50E+03 6.95E-01 1.65E-15
3.0CE+03 7.61E-01 1.60E-15
4.00E+03 8.79E-01 1.54E-15
5.00E+G3 9.82E-01 1.47E-15
7.00E+03 1.16E+00 1.27E~15
B.0OE+(3 1.24E+00 1.18E-15
1.00E+04 1.39E+00 1.07E-15
1.50E+04 1.70E+0Q0 9.29E-16
2.00E+04 1.96E+00 8.29E-16
2.50E+04 2.20E+00 7.15E-16
PROCESS H+ + CH4 = H (10D
VARGHESE ET AL, NUCL. INST. METH. 170 269 (1980)
ECEVD V{10(8)*CM/SEC) SIGMACCM(2))
1.50E+06 1.70E+01 B.76E-21
2.00E+06 1.96E+01 2.71E-21
2.00E+06 2.41E+01 7.40E-22
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Flg. 8 H* + C2H4 - H (GIO)
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TABLE 8

PROCESS H+ + C2H4 = H (10
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)
ECEV) V(10(8)%xCM/SEC) SIGMACCM(2))
1.00E+05 4.39E+00 1.47E-16
3.00E+05 7.61E+00 2.46E-18
5.50E+05 1.03E+01 3.45E-19
8.00E+05 1.24E401 1.20E-19
1.00E+06 1.39E+01 5.96E-20
1.25E+06 1.55E+01 3.60E-20
1.50E+06 1.70E+01 ' 1.87E-20
1.75E+406 1.84E+01 1.16E-20
2.00E+06 1.96E+01 5.96E-21
2.25E+C6 2.08E+01 4,04E-21
2.50E+06 2.20E+01 2.73E-21
PROCESS H+ + C2H4 = H (102
VARGHESE ET AL, NUCL. INST. METH. 170 269 (1980)
ECEV)D V(10(8)*CM/SEC) SIGMA(CM(2))

1.50E+06 1.70E+01 1.73E-20
2.00E+06 1.96E+01 6.34E-21
3.00E+056 2.41E+01 1.47E-21
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Fig. 9 H' + CHs = H (ay)
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TABLE 9

PROCESS : H+ + €2H6 = H (10)
TOBUYREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEV) V{10¢(8)%CM/SEC) SIGMACCM(2))
1.00E+05 4.39E+00 1.75E-16
2.00E+05 6.21E+00 1.43E-17
3.00E+05 7.61E+00 3.00E-18
4 .Q0E+05 B.79E+00 6.43E-19
5.50E+05 1.03E+01 3.40E-19
8.00E+05 1.24E+01 1.01E-19
1.00E+06 1.39E+01 6.01E-20
1.25E+06 1.55E+01 3.05E-20
1.50E+06 1.70E+01 1.70E-20
1.75E+06 1.84E+01 9.29E-21
2.00E+06 1.946E+01 5.93E-21
2.25E+06 2.08E+01 3.57E-21
2.50E+06 2.20E+01 2.22E-21

PROCESS @ H+ + C2H6 = H (10
VARGHESE ET AL, NUCL. INST. METH. 170 269 (19802

ECEV)D V(10(8Y*CM/SEC) SIGMA(CM(2)
1.50E+06 1.70E+01 1.59E-20
2.00E+06 1.96E+01 5.80E-21
3.00E+06 2.41E+01 1.56E-21
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Fig.10 H' + CHw = H (ay)
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TaBLE 10

PROCESS : H+ + C4H10 = H (100
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEV) V(10(8)xCM/SEC) SIGMACCM(2))
1.00E£+05 4 . 39E+00 2.50E-16
3.00E+05 7.61E+00 5.41E-18
5.50E+05 1.03E+01 6.21E-19
8.00E+05 1.24E+012 2.43E-19
1.00E+06 1.39E+01 1.06E-19
1.25E+06 1.55E+01 6.05E-20
1.50E+06 1.70E+01 3.30E-20
1.75E+06 1.84E+01 1.988-20
2.00E+06 1.96E+01 1.23E-20
2.25E+06 2.08E+01 6.70E-21
2.50E+06 2.20E+01 5.56E-21
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Fig.l] H++ C ""H (010
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- TaBLE 11

PROCESS @ H+ + C = H (103
TOBUREN AND NAKAI, PHYS. REV. 171 114 (19682

ECEVD V{10(8)%CM/SECD SIGMA(CM(2))
1.00E+05 4L .39E+00 4 . 48E-17
3.00E+05 7.61E+00 1.31E-18
5.50E+05 1.03E+01 1.80E-19
8.00E+05 1.24E+01 5.60E-20
1.50E+06 1.70E+01 7.60E-21
2.00E+06 1.96E+01 2.70E-21
2.50E+04 2.20E+01 1.10E-21

PROCESS : H+ + € = H (103
VARGHESE ET AL, NUCL. INST. METH. 170 269 (1980)

ECEVD V(10(8)*CM/SEC) SIGMA(CM(2))
1.50E+06 1.70E+01 8.60E-21
2.00E+06 1.96E+01 3.00E-21
3.CCE+C6 2.41E+01 7.40E-22
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Fig.12 H + H, -~ H (g4,)
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TABLE 12

PROCESS ¢ H + H2 = H- (0-1)
STIER AND BARNETT, PHYS. REV. 103 896 (19536)

ECEV) V(10(B)*CM/SEC) SIGMA(CM(2))
4 .00E+03 8.79E-01 1.29E-17
6.00E+03 1.08E+00 2.03E-17
8.00E+03 1.24E+00 2.45E-17
1.00E+04 1.39E+00 2.38E-17
1.20E+04 1.52E+0Q0 2.30E-17
1.60E+04 1.76E+00 2.20E-17
2.00E+04 1.96E+00 1.94E-17
2.50E+04 2.20E+00 1.48E-17
3.00E+04 1.44E-17

2.41E+00

PROCESS : H + H2 = H- (0-1)
FOGEL' ET AL, SOV. PHYS. JETP 7 400 (1958)

ECEVD V(10(8)*CM/SEL) SIGMACCM{2))
5.00E+03 G.82E-01L 1.3BE-17
8_.0CE+03 1.24E+00 2.01E-17
1.00E+04 1.39E+00 2.07VE-17
1.50E+04 1.70E+00 1.94E-17
2.00E+04 1.96E+00 1.65E-17
2.50E+04 2.20E+00 1.41E-17
3.00E+04 2.41E+00 1.05E-17
3.50E+0C4 2.60E+00 1.05E-17
4. 00E+04 2.78E+00 9.27E-18

PROCESS © H + H2 = H- (0-1D
CURRAN AND DONAHUE, PHYS. REV. 118 1233 (1960)

ECEVD Y(10(8)xCM/SEC) SIGMACCM(2))
4.00E+03 8.79E-01 1.40E-17
S.50E+03 1.03E+G0 32.80E-17
7.00E+03 1.16E+00 4.00E-17
B.00E+0C3 1.24E+00 3.70E-17
¢.0CE+03 1.32E+00 3.59E-17
1.00E+04 1.39E+00 3.40E-17
1.08E+0C4 1.44E+00 3.18E-17
1.17E+04 1.50E+00 2.94E-17
1.28E+04 1.57E+00 2.88E-17
1.40E+04 1.64E+00C 2.81E-17
1.55E+04 1.73E+00 2.80E-17
1.65E+04 1.78E+400 2.57E-17
1.80E+04 1.86E+00 2.20E-17
1.90E+0C4 1.91E+400 2.21E-17
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2.05E+04 1.99E+00 2.19E-17
2.1BE+C4 2.05E+00 2.17g~-17
2.35E+04 2.13E+00 2.16E-17
2.47E+04 2.18E+00 1.97E-17
2.65E+04 2.26E+00 1.97E-17
2.94E+04 2.38E+00 1.79E-17
3.2BE+04 2.52E+GQO 1.61E-17
3.57E+04 2.62E+00 1.22E-17
PROCESS H + H2 = H- (0-1)

MCCLURE, PHYS. REV. 134 A1226 (1964)

ECEV) V(10 (8)*CM/SEC) SIGMA(CM{22)
2.0CE+03 6.21E-01 4.27E-18
3.00E+03 7.61E-01 1.08E-17
4.70E+03 9.52E-01 1.61E-17
7.00E+03 1.16E+00 2.33E-17
9.00E+03 1.32E+00 2.60E-17
1.00E+04 1.39E+CC 2.38E-17
1.50E+04 1.70E+00 2.03E-17
2.30E+C4 2.11E+400 1.51E-17
4. 00E+04 2.78E+00 9.43E-18
6.00E+04 2.40E+00 4 ,85E-18
9.00E+04 4L.17E+QO 1.86E-18

PROCESS H + H2 = H- (0-1)
JORGENSEN ET AL, PHYS. REV. 140 A1481 (1965)
ECEV) V{10(8)*xCM/SEC) SIGMACCM(2))
3.0CE+04 2.41E+00 1.49E-17
4& . 00E+04 2.78E+00 1.03E-17
5.00E+04 2.11E+GO 7.86E-18
46.0CE+04 3.40E+00 5.89E-18
7.00E+04 3.48BE+00 4.04E-18
8.00E+04 3.93E+00 2.95E-18
2.00E+04 4L.17E+00 2.04€E-18
1.00E+05 4 .39E+00 1.54E~18
PROCESS H + H2 = H- (0-1)
SCHRYBER, HELV. PHYS. ACTA A40 1023 (1967)
ECEV) V(10(8Y*xCM/SECD SIGMACCM(Z))
2.50E+05 6.95E+00 5.50E-20
3.30E+05 7.98E+0Q0 1.05E-20
4 .50E+05 9.32E+00 3.46E-21
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PROCESS H + H2 = K- (0-13
WILLIAMS, PHYS. REV. 153 116 (1967
ECEV)D V{10(8)*CM/SEC) SIGMACCM(23)
2.00E+03 6.21E-0C1 2.58E-18
3.00E+03 7.61E-01 6.90E~18
4.00E+03 E.79E-01 1.25E-17
S.00E+03 9.82E-01 1.85E-17
6.00E+03 1.08E+00 1.91E-17
7.00E+03 1.16E+G0O 2.16E-17
8.C0E+0C3 1.24E+00 2.12E-17
9.00E+03 1.32E+00 2.42E-17
1.00E+04 1.39E+00 2.03E-17
1.C0E+0Q4 1.39E+00 2.23E-17
1.20E+04 1.52E+00 2.44E-17
1.50E+04 1.70E+00 2.36E-17
1.90E+04 1.91E+00 2.17E-17
2.00E+04 1.96E+00 1.95E-17
2.50E+04 2.20E+00 1.80E~17
3.00E+04 2.41E+00 1.56E-17
4 . DOE+Q4 2.78E+00 1.25E-17
5.00E+04 3.11E+00 1.03E-17
PROCESS H + H2 = H- (0-1)
AFROSIMOV ET AL, SOV. PHYS. JETP 35 1070 (19723
E(EV) V(10(BY*CM/SEC) SIGMACCM(2))
5.C0E+C3 9.82E-01 8.25E-18
1.00E+04 1.39E+00 1.B6E-17
1.50E+04 1.70E+00 1.96E-17
2.00E+04 1.96E+00 1.59E-17
2.50E+04 2.20E+00 1.36E-17
3.00E+04 2.41E+00 1.05E-17
3.50E+04 2.60E+0Q0 8.84E-18
4.00E+04 2.78E+00 8.12E-18
4.50E+04 2.95E+00 6.70E~18
5.00E+04 3.11E+00 5.54E-18
PROCESS H o+ HZ2 = H- (0-1)
ROUSSEL ET AL, PHYS. REV. Al16 1854 (1977)
ECEV) V(10(B8Y*CM/SEC) SIGMA(CM(2))
5.00E+02 3.11E-01 1.15E-18
6.00E+0Q2 3.40E-01 1.76E-18
7.00E+4C2 3.68E-01 1.31E-18
8.00E+02 3.93E-01 2.03E-18
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$.00E+02 4.17E-01 3.27E-18
1.00E+03 4 ,3%E-01 2.84E-18
1.20E+03 4.81E-0Q1L 3.27E-18
1.50E+03 5.38E-01 4,74E-18
1.70E+03 5.73E-01 5.47E-18
2.00E+03 6.21E-01 7.34E-18
2.20E+03 6.52E-01 8.09E-18
2.50E+03 6.95E-01 1.11E-17
2.70E+03 7.22E-02 1.35E-17
3.00E+03 7.61E-01 1.59E-17

BROCESS ¢ H + H2 = H= (0-1)
VAN ZYL ET AL, J. CHEM. PHYS. 74 314 (1981)

ECEVD V{10(B8Y*xCM/SEC) SIGMA(CM(2)
5.00E+01 9.82E-02 1.28E-18
6.50E+01 1.12E-01L 1.75E-~18
8.00E+01 1.24E-01 1.75E-18
1.C0E+C2 1.39E-01 2.29E-18
1.25E+02 1.55E-01 2.98E-18
1.60E+C2 1.76E-01 3.08E-18
2.00E+02 1.96E-01 2.73E-18
2.50E+02 2.20E-01 2.46E-18
3.15E+02 2.47E-01 2.16E-18
4L.00E+QZ 2.78E-01 2.07E-18
5.00E+02 3.11E-0Q1 1.39E-18
6.25E+02 3.47E-01 1.03E-18
8.00E+02 3.93E-01 1.31E-18
1.00E+03 4. 39E-0Q1 9.91E-19
1.25E+03 4.91E-01 1.10E-18
1.60E+03 5.56E-01 3.15E-18
2.00E+03 6.21E-01 5.49E-18
2.50E+03 6.95E-01 7.72E-18
3.00E+Q3 7.61E-01 1.12E-17
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TABLE 13
PROCESS H + N2 = H= (0-1)
STIER AND BARNETT, PHYS. REV. 103 8986 {(1956)
ECEV) V{10(B8)*xCM/SEC) SIGMA(CMC(2))
4 L, 00E+03 8.79E-01 1.06E-17
5.00E+03 1.08E+00 2.03E-17
8.00E+03 1.24E+00 2.57E-17
1.00E+04 1.39E+00 2.96E-17
1.20E+04 1.52E+00 3.05E-17
1.60E+0Q4 1.76E+0C0 2.65E-17
2.00E+04 1.96E+00 2.19E-17
2.50E+04 2.20E+00 1.84E-17
3.00E+04 2.41E+00 1.52E-17
PROCESS H + N2 = H- {(0-1>
ALLISON, REV. MOD. PHYS. 320 1137 (1958)
ECEVY V(10(8Y*xCM/SECL) SIGMA(CML{2))
4 .00E+03 8.79E-01 1.04E-17
5.00E+03 ¢.82E-01 1.60E-17
7.00E+Q3 1.16E+00 2.40E-17
@.00E+03 1.32E+Q0 3.00E-17
1.10E+04 1.66E+00 3.20E-17
1.30E+04 1.58E+00 2.20E-17
1.50E+04 1.70E+00 2.90E-17
2.00E+04 1.986E+00 2.20E-17
2.50E+04 2.20E+00 1.84E-17
2.00E+04 2.41E+00 1.50E-17
FPROCESS H + N2 = H- (0-13
FOGEL' ET AL, SOV. PHYS. JETP 7 400 (1958)
ECEV) V(10(B)*xCM/SEC) SIGMACCM(2>)
S.00E+Q3 ¢.82E-01 1.15E-17
8.00E+03 1.24E+00 2.01E-17
1.00E+04 1.39E+00 2.42E-17
1.20E+04 1.52E+00 2.30E-17
1.50E+04 1.70E+00 2.06E-17
2.00E+04 1.96E+00 1.76E-17
2.50E+04 2.20E+00 1.58E-17
3.00E+04 2.41E+00 1.23E-17
2.50E+04 2.60E+00 1.28BE-17
4L .00E+04 2.78E+00 1.15E-17
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PROCESS ¢ H + N2 = H- (C0-1D
PILIPENKO AND FOGEL', SOV. PHYS. JETP 15 646 (1962)

ECEY) V{10¢(8)*CM/SEC) SIGMA{CMA{2)7
S.50E+0Q3 1.03E+00 1.54E-17
6.51E+03 1.12E+00 1.75E-17
8.00E+03 1.24E+00 2.03E-17
B.59E+03 1.29E+00 2.05E-17
g.C7E+03 1.32E+00 2.14E-17
1.00E+04 1.39E+00 2.19E-17
1.05E+04 1.42E+00 2.30E-17
1.10E+04 1.46E+00 2.32E-17
1.16E+04 1.50E+00 2.31E-17
1.21E+0C4 1.53E+00 2.21E-17
1.25E+04 1.55E+00 2.11E-17
1.30E+04 1.58E+00 2.11E-17
1.36E+04 1.62E+00 2.10E-17
1.40E+0Q4 1.64E+00 2.10e-17
1.45E+04 1.67E+C0 2.16E-17
1.51E+04 1.71E+00 2.05E-17
1.55E+04 1.73E+0C0 2.06E-17
1.61E+0C4 1.76E+00 1.96E-17
1.65E+04 1.78E+0Q0 1.94E-17
1.70E+04 1.81E+00 1.92E-17
1.75E+04 1.84E+00 1.90E-17
1.80E+04 1.886E+00 1.89E-17
1.85E+404 1.89E+CO 1.79E-17
1.90E+04 1.91E+00 1.71E-17
1.95E+04 1.94E+00 1.73E-17
2.00E+04 1.96E+00 1.70E-17
2.05E+04 1.99E+00 1.68E-17
2.10E+04 2.01E+0C0 1.62E-17
2.15E+C4 2.04E+0C0 1.61E-17
2.20E+04 2.06E+00 1.57E~-17
2.25E+04 2.08E+0C0 1.55E-17
2.30E+C4 2.11E+00 1.53E-17
2.34E+04 Z2.12E+00 1.51E~17
2.4L0E+04 2.15E+00 1.50E-17
2.45E+04 2.17E+00 1.50E-17
2.50E+04 2.2CE+C0 1.47E-17
2.55E+04 2.22E+00 1.46E-17

PROCESS : H + N2 = H- (0-1)
PILIPENKO AND FOGEL', SOV. PHYS. JETP 21 266 (1965)

ECEV) V{10(8)*xCM/SEL) SIGMACCM(2))
5.50E+03 1.03E+00 1.47E-17
6.50E+03 1.12E+00 1.76E-17
7.50E+03 1.20E+0Q0 2.02E-17
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8.00E+03 1.24E+00 2.02E-17
8.50E+03 1.28E+00 2.04E~-17
9.00E+03 1.32E+00 2.15E-17
1.00E+04 1.39E+00 2.20E-17
1.05E+04 1.42E+00 2.31E-17
1.10E+C4 1.46E+00 2.33E-17
1.15E+04 1.49E+00 2.33E~17
1.20E+404 1.52E+00 2.1%9E-17
1.25E+04 1.55E+00 2.16E-17
1.30E+04 1.58E+00 2.15e-17
1.35E+04 1.61E+00 2.14E-17
1.40E+04 1.64E+00 2.13E-17
1.45E+04 1.67E+00 2.15E-17
1.50E+04 1.70E+00 2.06E-17
1.55E+04 1.73E+00 2.086E-17
1.60E+04 "1.76E+00 1.97E-17
1.65E+04 1.78BE+00 1.95E-17
1.70E+04 1.81E+00 1.91E-17
1.75E+04 1.84E+C0O 1.90E-17
1.80E+04 1.88E+00 1.8%E-17
1.85E+04 1.8%E+00 1.83E-17
1.90E+04 1.91E+00C 1.73E-17
1.95E+04 1.94E+00 1.75E-17
2.00E+04 1.96E+00 1.73E-17
2.05E+04 1.99E+00 1.6%E-17
2.10E+04 2.01E+00 1.65E-17
2.15E+04 2.04E+0C 1.61E-17
2.2CE+04 2.086E+00 1.58E-17
2.25E+04 2.08E+00 1.56E-17
2.30E+04 2.11E+00 1.54E-17
2.35E+04 2.13E+00C 1.51E-17
2.50E+04 2.20E+00 1.48E-17

PROCESS ¢+ H + N2 = H- (0-1)
SCHRYBER, HELV. PHYS. ACTA A40 1023 (1967)

ECEVD V{10(8)*xCM/SEC) SIGMACCM(2))
3.30E+05 7.98E+00 1.20E-19
4 LOE+Q5 9.21E+00 4 .G4LE-20
5.70E+05 1.05E+01 1.77E-20
7.20E+05 1.18E+01 9.71E-21
1.01E+06 1.40E+01 3.33E-21

PROCESS ¢ H + N2 = H- (0-12
VAN ZYL ET AL, PHYS. REV. A18 506 (1978)

ECEVY) V(10(8)*CM/SEC) SIGMA{CM(2))
5.00E+01 9.82E-02 ' 5.26E-19



6.10E+01
8.00E+01
1.00E+02
1.20E4+02
.50E+02
.Q0E+0C2
.50E+02
.20E+02
.00E+0Q°2
.Q0E+0C2
.20E+02
.00E+02
.00E+03
1.20E+03
1.50E+03
2.00E+03
2.40E+03
3.00E+03
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1.08E-01
1.24E-01
1.3%E-01
1.52E-01
1.70E-01
1.96E-01
2.20E-01
2.48E-01
2.78BE-01
3.11E-01
3.46E-01
3.93E-01
4.39E-01
4L.81E~01
5.38E-01
6.21E-01
6.81E-01
7.61E-01

5.57E-19
5.90E-19
7.93E-19
1.08E-18
1.75E-18
2.3BE-18
2.70E-18
2.20E-18
3.25E-18
2.78£-18
L,43E-18
1.12E-18
4.76E-18
3.86E~-18
3.04E-18
1.22E-17
4L ,64E-18
6.98E-18
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TABLE 14

PROCESS : H + 02 = H- (0-1)
STIER AND BARNETT, PHYS. REV. 103 896 (19563

ECEV) V(10(8)Y*CM/SEC) SIGMA{(CM{2))
4.00E+03 8.79E-01 1.97E-17
6.00E+03 1.08E+00 2.30E-17
8.00E+03 1.26E+00 2.40E-17
1.00E+04 1.3%E+C0O 2.42E-17
1.20E+04 1.52E+00 2.38E-17
1.60E+04 1.76E+C0 2.15E-17
2.00E+04 1.96E+00 1.92E-17
2.50E+04 2.20E+0C0 1.63E-17
3.00E+04 2.41E+CO 1.45E-17

PROCESS @ H + 02 = H- (0-1)
FOGEL' ET AL, SOV. PHYS. JETP 7 400 (1958)

ECEV) V(10(8y*CM/SEC) SIGMA(CM(2))
5.00E+03 9.82E-01 1.26E~-17
B.00E+03 1.24E+00 1.61E-17
1.00E+04 1.39E+00 1L49E-17
1.50E+04 1.70E+00 1.37E-17
2.00E+04 1.96E+00 1.24E-17
2.50E+04 2.20E+00 1.06E-17
3.00E+0Q4 2.41E+00 8.83E-18
4 . 00E+0Q4 2.78E+00 6.37E-18

PROCESS ¢ H + 02 = H- (0-1)
PILIPENKO AND FCGEL', SOV. PHYS. JETP 15 646 (1962)

ECEYD Y(10(8y*xLM/SECD) SIGMA(CM(2))
B.O7E+03 1.25E+00 1.62E-17
9.17E+03 1.33E+00 1.69E-17
1.00E+04 1.39E+00 1.83E-17
1.11E+04 1.46E+00 1.75E-17
1.21E+04 1.53E+CO 1.67E-17
1.32E+04 1.60E+0C0 1.67E-17
1.37E+C4 1.63E+00 1.62E-17
1.641E+04 1.65E+00 1.60E-17
1.61E+04 1.76E+00 1.52E-17
1.86E+04 1.89E+00 1.46E-17
1.91E+04 1.92E+00 1.39E-17
2.00E+04 1.96E+00 1.32E-17
2.11E+04 2.02E+0Q0 1.30E-17
2.30E+04 2.11E+00 1.20E-17
2.51E+04 2.20E+00 1.23E-17
2.80E+04 2.32E+00 1.03E~-17
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PROCESS H + 02 = H- (0-1)
PILIPENKO AND FOGEL', SOV. PHYS. JETP 21 266 (1965)
ECEVD V{10(8)*CM/SEC) SIGMA{CM(2))
B.0ODE+03 1.24E+00 1.65E-17
9.0CE+03 1.32E+00 1.73E-17
1.C0E+C4 1.39E+00 1.83E-17
1.10E+04 1.4586E+00 1.79E-17
1.20E+04 1.52E+00 1.73E-17
1.30£+04 1.58E+00 1.6%9E-17
1.40E+04 1.64E+00 1.61E-17
1.60E+04 1.76E+00 1.55E-17
1.90E+04 1.91E+00 1.40E-17
2.00E+04 1.96E+00 1.36E-17
2.10E+04 2.C01E+00 1.32E-17
2.30E+04 2.11E+00 1.24E-17
2.50E+04 2.20E+00 1.18E-17
2.80E+04 2.32E+00 1.06E-17
PROCESS H + 02 = H- (0-1D
VAN ZYL ET AL, PHYS. REV. Al8 506 (1978)
ECEV) V(10(8)xCM/SEL) SIGMACCM(2))
4.B0E+01 9.62E-02 5.72E-19
6.30E+01 1.10E-01 5.96E-19
8.00E+01 1.24E-01 1.38E-18
1.00E+02 1.39E-01 6.56E-19
1.20E+02 1.52E-01 5.94E-19
1.50E+02 1.7CE-01 1.54E-18
2.00E+02 1.96E-01 1.13E-18
2.50E+02 2.20E-01 3.16E-18
3.00E+02 2.41E-01 1.75E-18
4.00E+02 2.78E-01 4 .06E-18
5.00E+02 3.11E-01 8.07E-18
6.20E+02 3.46E-01 9.41E-18
8.00&+072 3.93E-01 6.34E-18
1.00E+03 4.39E-01 1.28E-17
1.20E+03 4,.81E-01 1.18E-17
1.60E+03 5.56E-01 1.76E-17
2.00E+03 6.2LE-01 1.51E-17
2.50E+03 6.95E-01 1.76E-17
2.70E+03 7.22E-01 2.27E-17
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Fig.15 H + CO - H (04,)
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TABLE 15
PROCESS H + €0 = H- (0-1>
DONAHUE AND HUSHFAR, PHYS. REV. 124 138 (19461)
ECEV) V(10(B8Y*CM/SEC) SIGMA(CM(22)
8.38E+03 1.27E+00 7.81E-18
$.52E+03 1.36E+00 5.76E-17
1.05E+04 1.42E+C0 1.83E-17
1.22E+04 1.53E+CO 2.32E-17
1.28E+04 1.57E+00 3.36E-17
1.39E+04 1.64E+00 4 4L2FE-17
1.57E+04 1.74E+00 23.35E-17
1.66E+04 1.79E+00 3.25E-17
1.77E+04 1.85E+00 2.73E-17
2.08BE+04 2.00E+00 2.46E-17
2.29E+04 2.10E+00 2.01E-17
2.65E+04 2.26E+00 1.69E-17
2.89E+04 2.36E+00 1.70E-17
3.0BE+04 2.44E+00 1.22E-17
3I.58E4+04 2.H62E+00 8.70E-18
2.92E+04 2.75E+00 1.06E-17
PROCESS H + CO = H- (0-1>
PILIPENKDO AND FOGEL', S0V. PHYS. JETP 15 646 (1962)
ECEV) V(10(8Y%®CM/SEC) SIGMA(CM(2))
L.94LE+Q3 9.76E-01 1.67E-17
S.4B8E+03 1.03E+00 1.95E-17
S.95E+03 1.07E+0C0C 2.25E-17
6.50E+03 1.12E+00 2.24E-17
6.97E+073 1.16E+0Q0 2.31E~17
7.31E+03 1.19E+00 2.54E-17
7.78E+03 1.23E+400 2.69E-17
8.25E+03 1.26E+00 2.70E-17
8.86E+03 1.31E+0C0 2.61E-17
9.34E+03 1.34E+00 2.62E-17
9.87E+03 1.38E+C0 2.86E~-17
1.04E+04 1.42E+0CC 2.96E-17
1.10E+04 1.446E+00 2.94E~17
1.14E+04 1.48E+00 3.11E-17
1.20E+04 1.52E+Q0 2.97E-17
1.25E+04 1.55E+00 2.97E-17
1.29E+04 1.58E+00 2.88E-17
1.34E+C4 1.61E+00 Z.93E-17
1.39E+04 1.864E+00 2.97E-17
1.45E+04 1.67E+00 2.93E-17
1.50E+04 1.70E+00 2.73E-17
1.55E+04 1.73E+00 2.70E-17
1.60E+04 1.76E+00 2.42E-17



1.70E+04
1.74E4+04
1.80E+04
1.85E+04
1.93E+04
2.00E+04
2.05E+04
2.10E+04
2.15E+04
2.20E+04
2.25E+04
2.30E+04
2.35E+04
2.41E+04
2.42E+04
2.49E+04
2.54E+04
2.59E+04
2.64E+04
2.69E+04
2.80E+04
2.94E4+04
2.99E+04
3.04E+04
3.10E+04
3.14E+04
3.19E+0D4
3.25E+04
I.30E+04
2.34E+04
3.40E+04
Z3.LLEEHQ4
3.50E+04
3.55E+04
3.65E+C4
3.6FE+0C4
3I.74E+04
3.79E4+04
3.84E+04
I.90E+04
3.95E+04
3.99E+04
4L . 10E+04
4 . 20E+04
4,.29E+04
4L 4O0E+04
4L .S50E+C4
4 .60E+04
4L _70E+04
4L.79E+0D4

JAERI—M 83 —013

TABLE 15 -~ CONTINUED

1.81E+00
1.83E+00
1.86E+00
1.89E+00
1.94E+Q0
1.96E+00
1.9%E+00
2.01E+00
2.04E+C0
2.06E+00
2.08BE+00
2.11E+00
2.13E+00
2.16E+00

2.16E+00.

2.19E+00
2.21E+00
2.24E+00
2.26E+00
2.28E+00
2.32E+00
2.38E+00
2.40E+00
2.42E+00
2.45E+00
2.46E+00
2.48E+00
2.50E+00
2.52E+00
2.54E+4+00
2.56E+00
2.58E+00
2.60E+00
2.62E+00
2.85E+Q0
2.67E+00
2.69E+00
2.70E+00
2.72E+00
2.74E+00
2.76E+00
2.77E+QC
2.81E+00
2.85E+00
2.88E+00
2.91E+00
2.95E+00
2.98BE+00
3.01E+00
3.04E+00

2.29E-17
2.26E-17
2.18E-17
2.11e-17
2.04E-17
1.80E-17
1.85E-17
1.80E-17
1.80E-17
1.8CE-17
1.70E-17
1.71e-17
1.50E-17
1.5CE-17
1.52E-17
1.50E-17
1.50E-17
1.50E-17
1.4%E-17
1.39&£-17
1.38E-17
1.40E-17
1.34E-17
1.36E-17
1.35E-17
1.31E-17
1.26E~17
1.24E-17
1.18E-17
1.16E~-17
1.76E-17
1.09E-17
1.10E-17
1.10E-17
1.09E-17
1.07E-17
1.08E-17
1.03E-17
9.98E-18
9.70E-18
9.43E-18
?.16E-18
8.75E-18
8.20E-18
7.79E-18
7.31E-18
7.18E-18
6.90E-18
6.83E-18
6.70E-18
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TABLE 15 - CONTINUED

PROCESS H + CO = H- (0-1)
PILIPENKDO AND FOGEL', SOV. PHYS. JETP 21 266 (1965)
ECEV) V(10(8)*xCM/SEL) SIGMACCM(2))
5.00E+03 9.82E-01 1.67E-17
5.50E+03 1.03E+00 1.95E~17
6.00E+03 1.08E400 2.24E-17
6.50E+03 1.12E+0C 2.258-17
7.00E+03 1.16E+00 2.32E-17
7.50E+03 1.20E+0Q0 2.52E-17
8.00E+03 1.24E+00 2.71E-17
8.S0E+03 1.28E+00 2.71E-17
9 ,00E+03 1.32E+00 2.62E~17
9.50E+03 1.35E+00 2.63E-17
1.00E+04 1.39E+00 2.86E-17
1.05E+04 1.42E+00 2.95E-17
1.10E+04 1.46E+00 2.93E-17
1.15E+04 1.49E+00 3.11E-17
1.20E+C4 1.52E+00 2.96E~17
1.25E+04 1.55E+400 2.96E-17
1.30E+04 1.58E+00 2.B6E-17
1.35E+04 1.61E+00 2.94E-17
1.60E+04 1.64E+00 2.96E-17
1.45E+04 1.67E+00 2.94E~17
1.50E+0% 1.70E+00 2.73E-17
1.55E+04 1.73E+00 2.70E-17
1 .60E+04 1.78E+00 2.43E-17
1.70E+04 1.81E+00 2.29E-17
1.75E+04 1.84E+00 2.24E-17
1.80E+04 1.86E+00 2.19E-17
1.85E+04 1.89E+00 2.11E-17
1.95E+04 1.94E+00 2.05E-17
2.00E+04 1.96E+00 2.02E-17
2.05E+04 1.99E+00 1.88E-17
2.10E+04 2.01E+00 1.81E-17
2.15E+04 2.04E+00 1.81E-17
2.20E+04 2.06E+00 1.81E-17
2.25E+04 2.08E+00 1.72E-17
2.30E+04 2.11E+00 1 .74LE-17
2.35E+04 2.13E+00 1.51E-17
2.4L0E+04 2.15E+00 1.52E-17
2.45E+04 2.17E+00 1.53E-17
2.50E+04 2.20E+00 1.51E-17
2.55E+04 2.22E+00 1.51E-17
2.60E+04 2.24E+00 1.51E~17
2.65E+04 2.26E400 1.50E-17
2.70E+04 2.28E+00 1.40E-17
2.80E+04 2.32E+00 1.41E-17
2.95E+04 2.39E+00 1.43E-17
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TABLE 15 - CONTINUED

3.00E+04 2.41E+00 1.36E-17
3.05E+0Q4 2.43E+00 1.38E-17
3.10E+04 2.45E+0C0 -1.38E-17
3.15E+04 2.47E+00 1.35E-17
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Fig.16 H' + H, - H (0,
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TABLE 16

DPROCESS & H+ + H2 = H- (1-1)
FOGEL' AND MITIN, SOV. PHYS. JETP 3 334 (1956)

ECEVD V(10(83*CM/SEC) SIGMACCIM(2))
9.530E+03 1.35E+00 7.22E-18 -
1.40E+04 1.64E+Q0 1.15E-17
1.90E+04 1.91E+00 1.24E-17
2.30E+04 2.11E+0Q0 8.92E-18
2.70E+04 2.28E+00 7.22E-18
2.70E+04 2.37E+00 4 .20E-18

PROCESS H+ + H2 (1-1
FOGEL' ET AL, SOV. PHYS. JETPF 8 390 (1959)

ECEV) V{10(8X*CM/SEC) SIGMACCM(2))
3.76E+03 8.52E-01 1.33E-18
5.81E+03 1.086E+00 2.41E-18
B.O7E+03 1.25£+00 3.29E-18
g.58E+03 1.36E+00 4.09E-18
1.48E+04 1.869E+00 7.84E-18
2.05E+04 1.%%E+00 1.00E-17
2.53E+04 2.21E+00C B.78E-18
2.97E+04 2.39E+C0 5.46E-18
3.46E+04 2.58BE+00 3.08E-18
I.9T7E+04 2.77E+00 1.27E-18
4L.9BE+04 3.10E+00 6.03E-1%
46.00E+04 I_40E+Q0 5.27E~19

PROCESS @ H+ + HZ2 = H- (1-1)

MCCLURE, PHYS. REV. 132 1636 (1963}

4 .F0E+04

ELEVD V{10(8y*CM/SECY SIGMACCM(23)
6.00E+03 1.08E+00 9.60E-19
7.00E+Q3 1.18E+Q0 1.36E-18
B.OOE+03 1.24E+00 2.07E-18
9.00E+03 1.32E+00 2.76E-18
1.00E+04 1.39E+0Q0 3.25E~18

- 1.20E+04 1.52E+00 5.36E-18
1.50E+04 1.70E+00 B.62E~-18
1.80E+04 1.86E+00 9.78E-18
2.20E+D4 2.06E+00 .79E-18
2.70E+04 2.28E+00 6.92E-18
3.20E+04 2.48E+00 4. 30E-18
4 .00E+04 2.78E+00 2.57E-18

3.07E+00C 1.00E-18
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TABLE 16 - CONTINUED

FRCGCESS © H+ + H2 = H- (1-1)
KOZLOY AND BONDAR', SOV. PHYS3. JETP 23 195 (19266)

E{EV) V(10(8Y*xCM/SEC) SIGMA(CMI2))
1.50E+02 1.70E-01 1.06E-20
2.04E+Q2 1.98E-01 1.26E-20
2.52E+02 2.21E-01 1.42E-20
3.96E+02 2.76E-01 2.52E-20
4L .BLE+DOZ2 3.06E-01 3.35E-20
6.76E+02 3.61E-01 6.68BE-20
1.00E+03 4L.39E-01 1.5C0E-19
1.97E+C3 6.17E-01 &.73E-19
2.89E+C3 7.47E-01 1.C6E-18
4L _Q5E+03 8.84E-01 1.79E-18
4 . BOHE+C3 $.68E-01 2.2%9E-18

H.04E+03 1.08E+00 3.17E-18

PROCESS ¢ H+ + H2 = H- (1-1)
WILLIAMS, PHYS. REV. 150 7 (1966)

ECEVY V{10(BYxCM/SEC) SIGMACCM (23]
2.00E+C3 6.21E-01 2.07E-19
3.00E+03 7.461E-01 6.15E~1%
4. 00E+C3 B.79C0-01 1.02E-18
5.0C0E+03 9.82E-01 1.35E-18
6.0CE+03 1.08E+00C 1.74E-18
7.00E+03 1.16E+00 2.21E-18
8.C0E+03 1.24E+0C 2.75E-18
9.00E+03 1.32E+C0O 3.40E-18
1.00E+04 1.3%E+00Q 4.03E-18
1.20E+04 1.52E+00 5.84E-18
1.50E+04 1.70E+00 9.39E-18
1.75E+04 1.B4E+00 1.11E-17
2.00E+04 1.98E+00 1.07E-17
2.50E+04 2.20E+00 B.46E-18
3.00E+04 2.41E+00 6.23E-18
2.50E+04 2.60E+00 4L 44E-18
4 O0E+0L 2.7BE+0Q0 2.78E~18
4.50E+04 2.95E+00 1.54E-18
5.00E+04 3.11E+00 1.03E-18
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TABLE 16 - CONTINUED

PROCESS @ H+ + HZ2 = H- (1-1)
WILLIAMS, PHYS. REV. 157 97 (1967)

ECEVD V(10(8)=*=CM/SECS SIGMA(LM(21})
4 00E+0S5 8.79E+00 5.23E-25
4L.60E405 ?.42E+00 3.04E~25
L. B0E+05 Q.62E+00 8.92E-26
5.80E+05 1.06E+01 2.67E-26
6.30E+05 1.10E+01 1.85E-26
7.00E+05 1.16E+01 3.69E-27
8.00E+05 1.24E+01 3.04E-27
F.00E+0S5 1.32E+01 7.36E-28
1.00E+06 1.39E+01 1.60E-28

BROCESS @ H+ + H2 = H- (1-1)
SCHRYBER, HELV. PHYS. ACTA A40 1023 (1967

ECEV) VI10(8y*LM/SEC) SIGMALCM(22)
2.53E+05 6.99E+00 4.20E-23
F.33E+05 8.02E+00 L.10E-24
4 .460E+05 P_42E+00 B.10E-26

PROCESS @ H+ + HZ2 = H- (1-1)
TOBUREN AND NAKAIL, PHYS. REV. 177 191 (1969)

EC(EV) V(10(8yxCM/5ED) SIGMA(CM(2)})
7.5CE+04 3.80E+CC 7.97E-20
1.0CE+O5 4.3%9E+400 1.73E-20
1.25E+05 4 _.G1E+0OO 3.08E-21
1.50E+05 5.38E+00 9.18E-22
1.75E+05 5.81E+00 1.82E-22
2.00E+05 4.21E+00 9.10E-23
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Fig.17 H" + Ny = H (o.)
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TABLE 17

PROCESS ¢ H+ + N2 = H- (1-12
FOGEL® ET AL, SOV. PHYS. JETP 8 390 (1959

ECEV) V(10 (8)%CM/SECY SIGMACCM(2))
5.92E+03 1.07E+00 2.25E-18
8.07E+03 1.25E+00 3.31E-18
9.71F+03 1.37E+00 4.70E-18
1.S50E+04 1.70E+00 5.38E~-18
2.00E+04 1.96E+00 L.8HE-18
2.52E+04 2.21E+00 2.59E~18
3.00E+04 2.41E+00 3.24E-18

FROCESS ¢ H+ + N2 = H- (1-1)
ALLISON, REV. MOD. PHYS. 30 1137 (1958)

ECEV) V(10(8Y+CM/SEC) SIGMACCMC23)
% .COE+03 1.32E+00 4$.80E-18
1.1CE+04 1.46E+00 6.40E-18
1.3CE+04 1.58E+C0 &.20E-18
1.50E+04 1.70E+00C 5.80E-18
2.00E+04 1.96E+00 5.40E-18
2.50E+04 2.20E+00 4 .00LE-18
3.00E+04 Z2.41E+CC 2.60E-18

PROCESS : H+ + N2 = H- (1-1)
FOGEL'™ AND MITIN, SOV. PHYS. JETP 3 334 (1956)

ECEVD V(10(BY*CM/SEC) SIGMA(CM(2))
9.50E+03 1.35E+00 6.66E~18
1.40E+04 1.64E+00 6.40E-18
1.920E+04 1.921E+00 5.40E-18
2.30E+04 .11E+00 4 40E-18
2.70E+C4 2.28E+00 3,70E-18
2.90E+04 2.37E+00 2.02E-18

PROCESS ¢ H+ + N2 = H- (1-1)
SCHRYBER, HELV. PHYS. ACTA A40 1023 (1967)

ECEVD V(10{(8>*CM/SEC) SIGMALCM(ZI)D
2.53E+05 46 .99E~+0C 1.50E-21
Z.33E+05 B.02E+CO 2.30E-22
L. 55E+05 9.37E+0CC 3.20E-23
S.85E+05 1.06E+01 8.00E-24
7. L9EFOS 1.20E+01 2.20E-24
1.02E+06 1.40E+01 5.70E-25
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TABLE 17 - CONTINUED

PROCESS : H+ + N2 = H- (1-1>
TOBUREN AND NAKAI, PHYS. REV. 177 191 (1969)

ECEV)D V10(8)*xCM/SEC) SIGMACCM (223
1.C0E+0S5 4L _.39E+00 1.85£-19
1.25E+05 4.91E+00 7.63E-20
1L.50E+05 S.38E+00 2.346E-20
2.00E+05 6.21E+00 5.06E-21
2.5CE+05 6.%95E+00 1.05E-21
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Fig.18 H' + 0, - H (0.
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TABLE 18

PROCESS :© H+ + 02 = H- (1-12
FOGEIL.' AND MITIN, SOV. PHYS. JETP 3 334 (1956)

ECEV) V(10(8YxCM/SEC) SIGMACCM{Z2))
9.5CE+03 1.35E+00 5.63E-18
1.40E+04 1.64E+00 4.96E-18
1.90E+C4 1.91E+00 L. 46E-18
2.30E+04 2.11E+00 3.93£-18
c.70E+04 2.28E+00 3.17e-18
2.90E+04 2.37E+00 2.91E-18
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TABLE 19

PROCESS ¢ H+ + H20 = H- (1-1)
TOBUREN AND NAKAI, PHYS. REV. 177 191 (1%969)

ECEVD V{10 (8YxCM/SED) SIGMACCM(2))
1.00E+053 4 . 39E+00 1.68E-19
1.50E+05 5.3BE+00 2.256-20
2.00E+05 6.21E+00 4.05E-21
2.50E+05 6.95E+00 1.05e~21
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TABLE 20

PROCESS : H + HZ = H+ (01>
STIER AND BARNETT., PHYS. REV. 103 896 (1956

ECEV) V{10(8)Y*xCM/SEC) SIGMACCM(2))
4.00E+03 8§.79E-01 1.09E-16
6.00E+03 1.08E+00 1.14E-16
8.00E+03 1.24E+00 1.12E-16
1.00E+04 1.39E+00 1.10E-16
1.20E+04 1.52E+00 1.17E-16
1.60E+04 1.76E+00 1.33E-16
2.00E+04 1.96E+00 1.43E-16
2.50E+04 2.20E+00 1.55E-16
3.00E+04 2.41E+00 1.57E-16
3.5CE+04 2.60E+00 1.62E~-16
4L .00E+04 2.78E+0Q0 1.64E-16
5.00E+04 3.11E+00 1.64E-16
6.00E+04 3.40E+0QC 1.49E-16
3.00E+04 3.93E+00 1.31E-16
1.00E+05 4 . 39E+00 1.13E-16
1.20E+05 4.81E+00 1.05E-16
1.40E+05 5.20E+00 8.92E-17
1.60E+05 5.56E+00 B.49E-17
1.80E+05 5.89E+0C0 7.59E-17
2.00E+05 6.21E+0C0 7.23E-17

PROCESS ¢ H + H2 = H+ (012
BARNETT AND REYNOLDS, PHYS. REV. 109 355 (1958)

ECEV) V(10(8)*CM/SEC) SIGMACCMC(2))
1.00E+04 1.39E+00 1.11E-16
2.00E+04 1.96E+0Q0 1.51E-16
5.00E+04 3.11e+00 1.55E-16
1.00E+0S 4 .39E+00 1.09E-16
1.50E+05 5.38E+0Q0 9.22E-17
2.00E+05 6.21E+00 7.21E-17
2.50E+05 6.95E+00 5.63E-17
3.50E+05 8.22E+00 4,29E-17
4L.25E+05 ?.06E+00 3.64E-17
5.00E+05 g.82E+00 3.18E-17
7.00E+05 1.16E+01 2.42E-17
?.00E+05 1.32E+01 2.00E-17
1.00E+06 1.39E+01 1.90E-17
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TABLE 20 - CONTINUED

PROCESS : H + H2 = H+ (01
FOGEL* ET AL, SOV. PHYS. JETP 7 400 (1958)

ECEV) V(10(BYxCM/SECS SIGMA(CM(2))
B8.00E+03 1.24E+00 5.49E-17
1.00E+04 1.39E+00 6.24E-17
1.50E+04 1.70E+00 8.55E-17
2.00E+0C4 1.96E+00 1.07E-16
2.50E+0C4 2.20E+00 1.17e-16
3.00E+04 2.41E+00 1.21E-16
3.50E+Q4 2.40E+0Q 1.27E-16
4.00E+0Q4 2.78E+00 1.32E-16

PROCESS : H + H2 = H+ (Q1)
CURRAN AND DONAHUE, PHYS. REV. 118 1233 (1960)

ECEV) V{(10(8)*xCM/SEC) SIGMA(CM(2))
4L OQE+03 8.79E-01 1.63E-17
6.00E+03 1.08E+00 5.07E-17
7.0DE+03 1.16E£+00 6.05E-17
8.00E+0Q03 1.24E+00 5.73E-17
1.00E+04 1.3%E+00 6.60E-17
1.10E+04 1.46E+00 6.60E-17
1.20E+04 1.52E+00 7.93E-17
1.30E+04 1.58E+00 8.54E-17
1.40E+C4 1.64E+00 $.10£-17
1.50E+04 1.70E+00 9.35E-17
1.60E+04 1.76E+CO0 9.14E-17
1.80E+C4 1.86E+00 9.BROE-17
1.90E+04 1.91E+00 1.04E-16
2.00E+04 1.96E+00 1.05E-16
2.20E+04 2.06E+00 1.06E-16
2.30E+04 2.11E+00 1.10E-16
2.50E+04 2.20E+CO 1.13E-16
2.60E+04 2.24E+00 1.16E-16
2.90E+04 2.37E+0Q0 1.19E-16
3.30E+04 2.52E+00 1.21E-16
T.E0E+04 2.64E+00 1.24E-16

PROCESS ¢ H + H2 = H+ (01D
PILIPENKO AND FOGEL', SOV. PHYS. JETP 15 646 (1962)

ECEV) V(10(8Y*CM/SEC) SIGMA(CM(2))
9.00E+03 1.32E+00 5.96E-17
1.00E+04 1.39E+00C 6.4L7E-17
1.10E+04 1.46E+00 6.97E-17
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TABLE 20 - CONTINUED

1.20E+04 1.52E+00 7.23E-17
1.3CE+04 1.58E+00 7.90E-17
1.40E+04 1.64E+00 8.23E-17
1.50E+04 1.70E+CO 8.94E-17
1.60E+04 1.76E+00 9.23E-17
1.70E+04 1.81E+00 9.59E-17
1.80E+04 1.86E+00 9.70E-17
1.90E+04 1.91E+00 1.00E-16
2.00E+04 1.96E+00 1.00E-16
2.10E+04 2.01E+00 1.02E-16
2.20E+04 2.06E+CO 1.08E-16
2.30E+04 2.11E+00 1.08E-16
2.40E+04 2.15E+00 1.13E-16
2.50E+04 2.20E+C0O 1.15E-16
2.60E+04 2.24E+00 1.16E-16
2.70E+04 2.28E+C0 1.18E-16
2.80E+04 2.32E+00 1.20E-16
2.86E+04 2.35E+C0 1.20E-16
2.00E+04 2.41E+00 1.21E-16
PROCESS H + H2 (01>
MCCLURE, PHYS. REV. 134 Al1226 (1964)

ECEV) V{10(8y*CM/SELD SIGMACCM(22)
2.00E+03 6.21E-01 5.96E-17
3.00E+03 7.61E-01 7.B6E-17
4.70E+03 9.52E-01 7.80E-17
7.00E+03 1.16E+00 7.43E-17
9.00E+03 1.32E+0C0O 7.8BE-17
1.00E+04 1.3%E+00 8.31E-17
1.50E+04 1.70E+00 1.04E-16
2.30E+04 2.11E+00 1.26E-16
4 .00E+04 2.78E+00 1.50E-16
6.C0E+0Q4 3.40E+00 1.3%9E-16
?.00E+04 4&.17E+00 1.13E-16
1.30E+G5 5.01E+00 9.52E-17

PROCESS ¢+ H + H2 = H+ (01)
WILLIAMS, PHYS. REV. 153 116 (1967>

ECEV? V{(10(BY*CM/SEC) SIGMA(CM(2Y)
2.00E+03 6.21E-01 3.98E-17
3.C0E+03 7.61E-01 5.33E-17
4. 00E+03 8.79E-01 5.97E-17
5.C00E+03 9.82E-01 6.37E-17
6.00E+G3 1.08E+00 &.33E-17
7.00E+03 1.16E+00 6.4L7E-17



PROCESS

PROCESS

PROCESS

B.00E+Q3
@.00E+03
1.00E+04
1.25E+04
1.60E+04
1.80E+04
2.00E+04
2.60E+04
3.00E+04
4& . 00E+04
S.00E+04

H + HZ

JAERI —M 83—013

1.24E+00
1.32E+00
1.39E+00
1.55E+00
1.76E+00
1.86E+00
1.96E+00
2.24E+00
2.41E+00
2.78E+Q0
32.11E+00

H+ (01)

DIMOV AND DUDNIKOV.

ECEVY
9.00E+05
1.10E+Q6
1.30E+06

ECEVD
1.03E+06
2.L4E+Q6

E{EV)
1.00E+05
2.00E+05
3.00E+05
4 .C0E+0S
5.50E+05
8.00E+05
1.00E+06
1.25E+06
1.50E+046
1.75E+068
2.00E+068
2.50E+04

H + HZ
WELSH ET AL.,

H + H2

V(10(8YxCM/SEC)

1.32E+01
1.46E+01
1.58E+01

H+ (01)
PHYS. REV.

V{10(BY*CM/SEC)

1.41E+401
2.17E+01

H+ (013
TOBUREN AND NAKAI.,

V{10{(B)*xCM/SEC)

4 39E+00
6.21E+00
7.61E+00
8.79E+00
1.03E+01
1.24E+01
1.39E+01
1.55E+01
1.70E+01
1.84E+01
1.96E+01
2.20E+01

PHYS.

TABLE 20 - CONTINUED

PHYS.-TECH.

6.48E-17
6.71E-17
7.26E-17
8.02E-17
8.56E-17
1.04E-16
1.19E-16
1.27E-16
1.37E-16
1.50E-16
1.50E-16

PHYS. 11 219 (1%67)

SIGMACCM(2))

2.60E-17
2.00E-17
1.60E-17

158 85 (19467)

SIGMACCM((2))

2.20E-17
8.50E~-18

REV. 171 114 (19468)

SIGMA(CM(2))

1.0%E-16
7.14E-17
5.18E-17
4.11E-17
3.10E-17
2.31E-17
1.97E~-17
1.63E-17
1.34E-17
1.19E-17
1.05E-17
B.20E-18
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TABLE 20 - CONTINUED

PROCESS + H + H2 = H+ (01D
PUCKETT ET AL, PHYS. REV. 178 271 (1969

ECEV) V{10(BY*CM/SEC) SIGMACCM(23)
1.50E+05 5.38E+00 9.90E-17
1.80E+05 5.89E+00 8.50E-17
2.00E+05 6.21E+400 7.80E-17
2.-.50E+05 6.95E+0Q0 6.90E-17
3.00E+05 7.61E+00 S.B0E-17
3.50E+05 B.22E+00 5.60E-17
4 _00E+05 8.79E+00 5.00E-17

PROCESS : H + H2 = H+ (C1)
SMITH ET AL, J. GEOPHYS. RES. 81 2231 (1976)

E(EV) V(10(8)*CM/SEC) SIGMACCM(2))
2.50E+02 2.20E-01 3.0CE-18
5.00E+02 3.11E-01 7.00E-18
1.00E+403 4 ,39E-01 3.50E-17
2.00E+03 6.21E-01 5.80E-17
3.00E+03 7.61E-01 9.00E-17
5.00E+03 $.82E-01 9.20E-17

PROCESS H + HZ H+ (01D
ROUSSEL ET AL, PHYS. Alé 1854 (1977)

ECEVD V(10(8YxCM/SEC) SIGMA(CMC2))
5.00E+02 3.11E-01 5.21E~18
6.00E+02 3.40E-01 9.25E-18
7.00E+02 3.68E-01 1.63E-17
8.00E+02 3.93E-01 2.28E-17
%.00E+02 4.17E-01 3.05E-17
1.00E+03 4.39E-01 3.60E-17
1.20E+03 4,81E-01 3.87E-17
1.50E+03 5.38E-01 4 43E-17
1.70E+03 5.73E-01 5.27E-17
2.00E+03 6.21E-01 6.37E-17
2.20E+03 6.52E-01 &.49E-17
2.50E+03 6.95E-01 7.30E-17
2.70E+03 7.22E-01 8.21€E-17
3.00E+03 7.61E-01 g.41E-17
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TABLE 20 - CONTINUED

PROCESS ¢ H + HZ2 = H+ (01
VAN ZYL ET AL, J. CHEM, PHYS. 74 314 (19813

ECEV) V(10(8)*CM/SEC) SIGMA(CM(2))
6.25E+01 1.10E-01 1.27E-19
8.00E+01 1.24E-01 3.60E-19
1.00E+0C2 1.3%9E-01 5.70E-19
1.25E+02 1.55E-01 9.12E-19
1.60E+02 1.76E-01 1.50E-18
2.00E+02 1.96E-01 2.31E-18
2.50E+02 2.20E-01 3.55E-18
3.15E+02 2.47E-01 5.25E-18
4 .C0E+02 2.78E-01 7.85E~-18
5.00E+02 3.11E-01 1.18E-17
6.25E+02 3.47E-01 1.77E-17
8.00E+02 3.93E-01 2.65E-17
1.0CE+03 4.39E-01 3.53E-17
1.25E+03 4.91E-01 4.61E-17
1.60E+03 5.56E~0G1 6.14E-17
2.00E+03 6.21E-01 7.72E-17
2.50E+03 6.95E-01 8.66E-17
3.00E+03 7.61E-01 9.52E-17
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TABLE 21

PROCESS ¢ H + N2 = H+ (01>
STIER AND BARNETT., PHYS. REV. 103 896 (1956)

ECEV) V{10(BY*CM/SEC) SIGMA(CM(2))
4 .Q0E+03 8.79E-01 2.10E-16
6.00E+03 1.08E+00 2.46E-16
8.00E+03 1.24E+00 2.B9E-16
1.00E+04 1.39E+00 3.29E-16
1.20E+0C4 1.52E+00 3.74E-16
1.60E+04 1.76E+00 4.33E-16
2.00E+04 1.96E+00 4.49E-16
2.50E+04 2.20E+00 4.50E-16
3.00E+04 2.41E+00 4.59E-16
4 .00E+04 2.78E+00 4.85E-16
5.00E+04 3.11E+0C0 S.12E-16
6.00E+04 2.40E+00 4 99E~16
7.00E+04 3.68E+00 5.01E-16
8.00E+04 3.93E+00 4 .8BE-16
1.0CE+05 4 .39E+400 4.62E-16
1.20E+05 4 B1lE+QOO 4 .50E-16
1.40E+05 5.20E+Q0 4.33E-16
1.60E+05 5.56E+00 4.09E~16
1.80E+05 5.89E+00 3.886E~16
2.00E+05 6.21E+00 3.70E-16

PROCESS : H + N2 = H+ (01D
BARNETT AND REYNOLDS, PHYS. REV. 109 355 (1958)

ECEV) V(10(8)*xCM/SEC) SIGMA(CM(2))
1.0CE+Q4 1.39E+00 3.14E-16
2.00E+04 1.96E+0C0O 4.30E-16
5.0CE+Q4 3.11E+00 4L.69E-16
1.00E+05 4.39E+C0 4.63E~-16
1.50E+05 5.38E+00 4.33E-16
2.00E+05 6.21E+C0O 3.75E-16
2.50E+05 46.95E+00 3.24E-16
3.50E+05 8.22E+00 2.68E~16
4&,25E405 9.06E+GO 2.50E-16
5.00E+05 g.82E+00 2.11E-16
7.00E+05 1.16E+01 1.84E-16
9.00E+05 1.32E+01 1.46E-16

PROCESS @ H + N2 = H+ (01)
FOGEL' ET AL, SOV. PHYS. JETP 7 400 (1958)

ECEV) V10(8YxCM/SEC) SIGMA(CM(2))
5.0CE+03 $.82E-01 é6.65E-17



8.00E+03
1.00E+04
1.20E+0C4
1.50E+404
2.00E+04
e.S0E+04
3.00E+0Q4
4 .00E+04

JAERI

TABLE 21 - CONTINUED

1.24E+Q0
1.39E+00
1.52E+00
1.70E+00
1.96E+00
2.20E+0Q0
2.41TE+00
2.78E+00

M 83013

1.81E-16
2.15E-16
2.47E-16
2.67E-16
2.95£-16
3.18E-16
3.36E-16
3.68BE-16

PROCESS : H + N2 = H+ (01)
PILIPENKO AND FOGEL', S0V. PHYS. JETP 15 646 (19621

E(EV) Y(10(8Y*CM/SEC) SIGMA(CM(2))
5.57E+03 1.04E+00 1.68E-16
6.46E+03 1.12E+C0O 1.84E-16
7.00E+03 1.16E+00 2.00E-16
7.59E+03 1.21E+0C0 2.07E-16
8.00E+03 1.24E+00 2.07E-16
8.54E+03 1.28E+00 2.23E-16
¢.0BE+03 1.32E+00 2.36E-16
?.55E+03 1.36E+C0 2.40E-16
1.00E+04 1.39E+00 2.43E-16
1.05E+04 1.42E+00 2.48E-16
1.10E+04 1.46E+00 2.60E-16
1.15E+04 1.49E+00 2.64E-16
1.22E+04 1.53E+C0O 2.64E~16
1.26E+04 1.36E+00 2.65E-16
1.30E+04 1.58E+00 2.68E-1¢
1.36E+04 1.62E+00 2.81E-16
1.40E+04 1.64E+00 2.84E-16
1.46E+04 1.68E+00 2.97E-16
1.51E+04 1.71E+00 2.97E-16
1.56E+04 1.73E+00 3.02E-16
1.61E+04 1.76E+00 3.03E-16
1.65E+04 1.78E+00 3.06E-16
1.71E+04 1.82E+00 3.11E-16
1.75E+04 1.84E+00 3.14E~-16
1.81E+04 1.87E+00 3.25E-16
1.85E+04 1.89E+00 3.2%9E-1¢6
1.96E+04 1.94E+00 3.30E-16
1.99E+04 1.96E+00 3.30E-16
2.05E+04 1.99E+0C0Q 3.40E-16
2.11E+04 2.02E+00 3.43E-16
2.16E+04 2.04E+0Q0 3.42E-16
2.20E+C4 2.06E+00 3.44E-16
2.25E+04 2.08E+00 3.44E-16
2.31E+04 2.11E+00 3.49E-16
2.36E+04 2.13E+00 3.50E-16
2.40E+04 2.15E+00 3.50E-16
2.46E+04 2.18E+00 3.59E-16
2.51E+04 2.20E+00 3.59E-16



JAERI —M 83—013

TABLE 21 -~ CONTINUED

PROCESS : H + N2 = H+ (01D
WELSH ET AL, PHYS. REVY. 158 85 (1967)

ECEV) V{(10(8)*CM/SEC) SIGMA(CM(2))
1.03E+06 1.41E+01 1.70E-16
2.44E+06 2.17E+01 7.20E-17

PROCESS ¢ H + N2 = H+ (013
DIMOV AND DUDNIKOV., SOV. PHYS.-TECH. PHYS. 11 919 (1967)

ECEV) V{10(8)*xCM/SEC) SIGMACCM(2))
9.00E+05 1.32£+01 1.50E-16
1.10E+06 1.46E+01 1.20E-18
1.30E+056 1.58E+01 1.00E-16

PRCGCESS H + N2 H+ (013
TOBUREN AND NAKAI., PHYS. 171 114 (1968)

ECEV? V{10(8Y*CM/SEC) SIGMACCM(2))
1.00E+05 4.39E+00 L. 4LT7E-16
2.00E+05 6.21E+00 3.89E-16
3.00E+05 7.61E+00 3.07E-16
4 .00E+0S 8.79E+00 2.53E-16
5.50E+05 1.03E+01 2.22E-16
8.00E+05 1.24E+01 1.79E-16
1.00E+06 1.39E+01 1.57E-16
1.25E+06 1.55E+01 1.34E-16
1.50E+06 1.70E+01 1.07E-16
1.75E+06 1.84E+01 1.01E-16
2.00E+06 1.96E+01 9.16E-17
2.25E+06 2.08E+01 B8.44E-17
2.50E+06 2.20E+01 7.79E-17

PROCESS H + N2 (013
MCNEAL AND CLARK., J. GEOPHYS. 74 5065 (19469)

ECEV) V(10(8)*CM/SEC) SIGMACCM(2))
1.20E+03 4.81E-01 1.17E-16
2.00E+03 6.21E-01 1.41E-16
3.00E+03 7.61E-01 1.67E-16
& .00E+03 8.79E-01 1.88E-16
5.00E+03 9.82E-01 2.03E-16
6.00E+03 1.08E+00 2.18E-16
7.00E+03 1.16E+00 2.29E-16



PROCESS

8.00E+03
9.00E+C3
1.00E+04
2.00E+04
2.50E+04

H + N2
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TABLE 21 - CONTINUED

1.24E+00
1.32E+00
1.39E+00
1.96E+0Q0
2.20E+00

H+ (01D

MONNOM ET AL, COMPT.

E(EV)
5.00E+02
6.CO0E+02
7.00E+02
8.00E+02
9.00E+02
1.00E+03
2.00E+03
3I.00E+03

V(10(8YxCM/SEC)

3.11E-01
.40E-01
.68E-01
.93E-01
.17E-01
.39E-01
.21E-01
.61E-01

O P P AW

2.39E-16
2.50E-156
2.63E-16
2.88E-16
2.84E-16

B281 425 (1975)

SIGMACCM(2Z2)

2.74E-17
3,62E-17
4.51E-17
5.40E-17
6.22E-17
6.8B7E-17
1.38E-16
1.67E-16

PROCESS @ H + N2 = H+ (01>
SMITH ET AL, J. GEOPHYS. RES. 81 2231 (1976)

EC(EV) V(10(8)Y*CM/SEC) SIGMA(CM(2))
2.50E+02 2.20E-01 2.10E-17
5.00E+02 3.11E-01 5.90E-17
1.00E+03 4.39E-01 1.33E-16
2.00E+03 6.21E-01 2.02E-16
2.00E+03 7.61E-01 2.81E-16
5.00E+03 9.82E-01 2.98E-16

PROCESS * H + N2 = H+ (01
VAN ZYL ET AL, PHYS. REV. Al18 506 (1978)

E(EV) V{10(8)*xCM/SEC) SIGMA(CM(2))
5.00E+01 9.82E-02 1.82E-18
$.20E+01 1.09E-01 3.37E-18
5.00E+C1 1.24E-01 5.90E-18
1.00E+02 1.39E-01 9.22E-18
1.208402 1.52E-01 1.38E-17
1.50E+02 1.70E-01 2.10E-17
2.00E+02 1.96E-01 2.98E-17
2.50E+02 2.20E-01 3.82E-17
3.20E+0°2 2.48E-01 5.12E-17
4 .00E+02 2.78E-01 6. 49E-17
5.00E+02 3.11E-01 8.10E-17



&.00E+02
8.00E+02
1.00E+03
1.20E+03
1.50E+03
2.00E+03
2.50E+03
2.00E+03

JAERI—M 83

3.40E-01
3.93E-01
4.39E-01
4.81E-01
5.38E-01
6.21E-01
6.95E-01
7.61E-01

— 100 —
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TABLE 21 - CONTINUED

1.07E-16
1.34E-16
1.58E-156
1.79E-16
1.92E-16
2.23E-16
2.26E-16
2.45E-16
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Fig.22 H + 0, - H" (g4)
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TABLE 22

PRCCESS ¢ H + 02 = H+ (01D
STIER AND BARNETT., PHYS. REV. 103 896 (1958)

ECEVD V(10(8)*CM/SEC) SIGMALCM(2))
3.00E+03 7.61E-01 1.30E-16
4 ,00E+03 8.79E-01 1.67E-16
6.00E+03 1.08E+00 2.26E-16
8.00E+03 1.24E+00 2.73E-16
1.00E+04 1.39E+00 3.01E-16
1.20E+04 1.52E+C0 3.21E-16
1.60E+04 1.76E+C0 3.49E-16
2.00E+04 1.96E+00 3.79E-16
2.50E+04 2.20E+00 3.92E-1¢6
3.00E+04 2.41E+00 3.99E-16
4. 00E+04 2.78E+00 4.42E-16
5.C0E+04 3.11E+00 4. L4E-16
6.00E+04 3.40E+00 4.53E-16
7.00E+04 3.68E+Q0 4.48E-16
8.00E+04 3.93E+00 4.50E-16
1.00E+05 4.39E+00 4.486E-16
1.20E+05 4.81E+00 4.28E-16
1.40E405 5.20E+00 L.24E-16
1.60E+05 5.56E+00 4.07E-16
1.80E+05 5.89E+00 3.96E-16
2.00E+05 6.21E+00 3.86E-16

PROCESS :* H + 02 = H+ Q1)
FOGEL'®™ ET AL, SOV. PHYS. JETP 7 400 (1958)

ECEVYD V{10¢(8)=*xCM/SCL) SIGMACIM(22)
5.00E+03 ¢.82E-01 7.00E-17
1.00E+C4 1.39E+00C 1.57E-16
1.50E+04 1.70E+00 2.07E-16
2.00E+04 1.96E+00D 2.22E-16
2.50E+04 2.20E+00 2.40E-16
3.00E+04 2.41E+00 2.51E-16
4.00E+04 2.78E+00 2.64E-16

PROCESS ¢ H + 02 = H+ (01>
PILIFPENKD AND FOGEL', SOV. PHYS. JETP 15 646 (1962)

ECEWVD V(10(8)*CM/SEC) SIGMA(CMC(2Z2))
7.00E+03 1.16E+00 1.66E-16
8.00E+03 1.24E+00 1.75E-16
9.00E+03 1.32E+00 1.89E-16
1.00E+04 1.39E+00 2.08E-16
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TABLE 22 - CONTINUED

1.10E+04 1.46E+00 2.10E-16
1.20E+04 1.52E+00 2.18E-16
1.30E+04 1.58E+00C 2.25E-16
1.40E+04 1.64E+00 2.25E-16
1.50E+04 1.70E+00 2.26E-16
1.60E+04 1.76E+00 2.30E-16
1.76E+04 1.84E+00 2.28E-16
-1.80E+04 1.86E+00 2.30E-16
1.85E+04 1.89E+00 2.40E-16
1.90E+04 1.91E+00 2.35E-16
2.00E+04 1.96E+00 2.39E-16
2.10E+04 2.01E+00 2.39E-16
2.20E+04 2.06E+00 2.43E-16
2.30E+04 2.11E+00 2.51E-16
2.40E+04 2.15E+00 2.51E-16
2.50E+04 2.20E+00 2.58E-16
2.60E+04 2.24E+00 2.58E-16
2.70E+04 2.28E+C0O 2.57E-16
2.80E+04 2.32E+00 2.61E-16
PROCESS H + 02 = H+ (01)

PILIPENKO AND FOGEL', SOV. PHYS. JETP 21 266 (1965)

ECEV) V{10(8)*CM/SEC) SIGMA(CM(23)
7.00E+03 1.16E+0C 1.70E-16
8.00E+03 1.24E+00 1.7%E-16
9.00E+03 1.32E+00 1.94E-16
1.10E+04 1.46E+00 2.13E-156
1.20E+04 1.52E+00 2.22E-16
1.30E+04 1.58E+00 2.30E-16
1.40E+04 1.64E+00 2.28E-16
1.60E+04 1.76E+00 2.34E~16
1.70E+04 1.81E+00 2.31E-16
1.80E+04 1.86E+00 2.32E-16
1.85E+04 1.B9E+00 2.41E-16
1.90E+04 1.91E+00 2.38E-16
2.00E+04 1.96E+0Q0 2.42E-16
2.10E+04 2.01E+00 2.42E-16
2.20E+04 2.06E+00 2.46E-16
2.30E+04 2.11E+00C 2.55E~-16
2.40E+04 2.15E+00 2.55E-16
2.50E+04 2.20E+00 2.60E-16
2.60E+04 2.24E+00 2.60E-16
2.70E+04 2.28E+00 2.60E-16
2.73E+04 2.63E-16

2.30E+00
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TABLE 22 - CONTINUED

PROCESS ¢ H + 02 = H+ (01>
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEV) V(10(8)YxCM/SEC)Y SIGMACCM(2) 2
1.00E+05 4L.39E+00 3.91E-16
2.00E+05 &6.21E+00 3.55E-18
3.00CE+05 7.61E+0C0 3.00E-16
L . CGCE+05 B.79E+00 2.59E-16
S.30E+05 1.03E+01 2.28E-16
8.00E+05 1.24E+01 1.74E-16
1.00E+0Q6 1.39E+C1 1.56E-16
1.25£+06 1.55E+01 1.32E-16
1.50E+06 1.70E+01 1.24E-16
1.75E+06 1.84E+01 1.13E-16
2.00E+06 1.96E+01 1.01E-16
2.25E+06 2.08E+01 8.94E-17
2.5CE+0é 2.20E+01

B8.34E-17

PROCESS ¢+ H + 02 = H+ (01)
SMITH ET AL, J. GEOPHYS. RES. 81 2231 (1976)

EC(EV) V(10(8)Y*CM/SECD SIGMA(CM(2))D
2.50E+02 2.20E-01 2.20E~-17
5.00E+02 3.11E-01 4.80E-17
1.00E+03 4.39E-01 9_10E-17
2.00E+03 6.21E-01 1.27E-16
3.00E+03 7.61E-01 2.22E-16
5.00E+03 $.82E-01 2.90E-16

PROCESS : H 4+ 02 = H+ (01>
VAN ZYL ET AL, PHYS. REV. A18 506 (1978)

ECEV) V(10(8y*xCM/SEC) SIGMACCM(2))
5.00E+01 9.82E-02 1.66E-18
6.00E+01 1.08E-01 2.99E-18
8_00E+01 1.24E-01 5.32E-18
1.00E+02 1.3%9E-01 8.57E-18
1.20E+02 1.52E-0C1 1.17E-17
1.50E+40Q2 1.7GE-0Q1 1.76E-17
2.00E+02 1.96E-01 2.53E-17
2.50E+02 2.20E-01 3.40E-17
3.00E+02 2.41E-01 4 . 70E-17
4 _00E+02 2.78E-01 6.05E-17
5.00E+C2 3.11E-01 7.48E-17
6.20E+02 3.46E-01 8.26E-17
8.00E+02 3_93E-01 1.01E-16

— 104 —



1.00E+03
1.20E+03
1.50E+03
2.00E+03
2.5CE+03
3.00E+03
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TABLE 22 - CONTINUED

4 .39E-01
4.81E-01
5.38E-01
6.21E-01
6.95E-01
7.61E-01

— 100 —

1.24E-18%
1.35E-16
1.52E-15%
1.67E-16
1.85E-16
2.07E-16
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Fig.23 H + H,0 - H" (ag)
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TABLE 23

PROCESS H + H20 = H+ (01)
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEV) V(10(8)Y*CM/SEC) SIGMA(CM{Z23)
1.00E+05 4 .39E+00 2.18E-16
2.00E+05 6.21E+00 2.70E~-16
3.00E+05 7.861E+00 2.10E-16
5.50E+05 1.03E+01 1.45E-16
8.00E+05 1.24E+01 1.12E-16
1.00E+0Q6 1.3%9E+01 9.8BlE-17
1.25E+06 1.55E+C1 8.02E-17
1.50E+06 1.70E+01 6.82E-17
1.75E+06 1.84E+01 6.07E-17
2.C0E+06 1.96E+01 5.67E-17
2.25E+06 2.08E+01 5.11E-17
2.50E+06 2.20E+01 4.91E-17

PROCESS H + H20 = H+ (01)
DAGNAC ET AL, J. PHYS. B3 1239 (1970)

ECEV) V(10(8)*CM/SEC) SIGMA{CM(2))
1.44E+403 5.27E-01 4.35E-17
2.00E+03 6.21E-01 5.56E-17
3.00E+03 7.61E-01 1.1%E-16
4 .00E+03 8.79E-01 1.56E-16
5.00E+03 $.82E-01 2.60E-16
1.15E+04 1.49E+00 2.80E-16
1.70E+04 1.81E+00 2.23E-16
3.00E+04 2.41E+00 3.87E-16
4.16E+04 2.83E+0C0 4.16E-16
5.25E+04 3.18E+00 4.17E-16

PROCESS H + H20 = ‘H+ (01)
BARIBAUD ET AL, COMPT. REND. B272 457 (1971)

ECEVD V{10(8)*CM/SEC) SIGMA(CM(2))
5.00E+03 $.82E-01 1.60E-16

- 107 —
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Fig.24 H + CO -~ H' (og)
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TABLE 24

PROCESS @ H + CO = H+ (012
DONAHUE AND HUSHFAR., PHYS. REV. 124 138 (1961)

ECEV) V(10(BY*CM/SEC) SIGMACCM{Z23)
6.22E403 1.10E+00 1.77E-16
8.03E+03 1.24E+00 1.46E-16
9.28E+03 1.34E+00 2.36E-16
1.03E+04 1.41E+00 2.71E-16
1.13E+04 1.48E+00 2.92E-16
1.20E+04 1.52E+00 2.98E-16
1.27E+04 1.57E+00 2.29E-16
1.32E+04 1.60E+C0 2.66E-16
1.37E+04 1.63E+00 3.12E-16
1.45E+04 1.67E+00 2.73E-16
1.56E+04 1.73E+00 3.37E-16
1.62E+04 1.77E+00 3.87E-16
1.75E+04 1.8B4E+00 3.46E-16
1.88E+04 1.90E+00 3.69E-16
2.01E+04 1.97E+00 3.82E-16
2.1BE+04 2.05E+00 3.78E-16
2.27E+04 2.0%9E+0Q 3.71E-16
2.41E+04 2.16E+00 3.96E-16
2.51E+04 2.2C0E+00 4.14E-16
2.60E+04 2.24E+00 4.27E-16
2.6%9E+04 2.28E+00 4.19E-16
2.87E+04 2.35E+00 4.02E-16
3.05E+04 2.43E+00 4.57E-16
3.22E+04 2.4FE+00 4.17E-16
3.37E+04 2.55E+00 4.7T4LE-16
3.52E+04 2.61E+00 4.12E-16
2.62E+04 2.64E+00 4.46E-16
3.72E+04 2.68E+00 4.20E-16
3.81E+04 2.71E+00 4.51E-16
3.91E+04 2.75E+00 4.34E-16

PROCESS : H + CO = H+ Q1D
PILIPENKO AND FOGEL', SOV. PHYS. JETP 15 646 (1962)

ECEV) V{10(8)%xCM/SEC) SIGMA(CM(23)
4L _.70E+03 9.52E-01 1.41E-16
5.21E+03 1.00E+00 1.63E-16
5.47E+03 1.03E+Q0 1.71E-16
6.06E+03 1.08E+00 1.78E-16
6.75E+03 1.14E+00 1.80E-16
7.09E+03 1.17E+00 1.98E-16
7.60E+03 1.21E+00 2.17E-16
8.10E+03 1.25E+00 2.18E-16
8.54E+03 1.2BE+00 2.17E-16
¢_.13E+03 1.33E+00 2.53E-16

=109 —



Z.56E+03
1.00E+04
1.06E+04
1.12E+04
1.16E+04
1.21E+04
1.25E+04
1.32E+04
1.35E+04
1.39E+04
1.45E+04
1.50E+04
1.54E+04
1.64E104
1.70E+04
1.74E+04
1.79E+04
1.8B4E+04
1.90E+04
1.94E+04
2.00E+C4
2.05E+04
2.10E+0C4
2.14E404
2.19E+04
2.24LE+04
2.29e+04
2.33E+04
2.38E+04
2.43E+04
2.4FE+04
2.56E+04
2.65E+04
2.77E+0Q4
2.81E+04
2.91E+0Q4
2.92E+04
2.96E+04
3.00E+04
Z.06E+QL
3.12E+04
3.16E+04
3.21E+04
3.26E+04
3.32E+04
3.36E+04
3.40E+04
T LLE+OL
3.50E+04
3.55E+04
Z.63E+04
I.65E+04
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TABLE 24 - CONTINUED

1.36E+00
1.39E+00
1.43E+00
1.47E4+00
1.50E+00
1.53E+00C
1.55E+00
1.60E+00
1.61E+C0
1.64E+00
1.67E+00
1.70E+0Q00
1.72E+00
1.78E+00
1.81E+00
1.83E+00
1.86E+00
1.88E+00
1.91E+00
1.93E+00
1.96E+00
1.99E+00
2.01E+00Q
2.03E+0C
2.06E+0C
2.08E+00
2.10E+00
2.12E+00
2.14E+00
2.17E+00C
.19E400C
.22E+00
.26E+00
.31E+00
.33E400
L37EXCO
L37E+00
.39E+00
LATE+CO
LAZEFCO
.4LSE+0QC0
.4L7E+0QC
APE+HCO

2.51E+00
2.53E+00
2.55E+Q0
2.56E+00
Z2.58E+0Q0
2.60E+00
2.62E+C0O
2.65E+00
2.65E+00

AW
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2.55E-16
2.58E-16
2.80E-16
2.96E-16
3.00E-16
3.01E-16
3.10E-16
3.26E-16
3.45E-16
3.51E-16
3.36E-16
3.37E-16
3.39E-16
3.49E-16
3.57E-16
3.56E-16
3.57E-16
3.65E-16
3.63E-16
3.39E-16
3.59E-16
3.64E-16
3.69E-16
3.87E-16
2.71E-16
3.64E-16
3.42E-16
3.46E-16
3.63E-16
3.88E-16
4,18BE-16
3.86E-16
3.78E-16
I.93E-16
4.14E-16
3.70E-16
.89E-16
.06E-16
.30E~-16
.37E-16
.37E-16
.29E-16
4L .36E-16
4.07E-16
3.88E-16
4 .30E-16
4.05E-16
4.21E-16
4.37E-16
4.10E-16
4.45E-16
4,.535E-16
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TABLE 24 - CONTINUED

3.49E+04 2.67E+00 4.78E-16
3.76E+04 2.69E+00 4.58E-16
3.81E+04 2.71E+00 4L.61E-16
3.90E+04 2.74E+00 4L .S50E-16
3.91E+04 2.75E+00 4L.38E-16
I.98FE+04 2.77E+00 4L.6LE-16
4.07E+04 2.80E+00 4. L4LE-16
4.18E+04 2.84E+00 4.10E-16
L. 26E+04 2_87E+00 3.98E-16
4L.37E+04 2.90E+00 3.83E-16
4L.4LI9E+04 2.94E+00 3.83E-16
4.57E+04 2.97E+00 3.66E-16
L. 6TE+04 3.00E+00 3.57E-16
4, 78E+04 3.04E+00 3.46E-16
PROCESS H + CO = H+ (01)

SOV. PHYS.

PILIPENKDO AND FOGEL®., JETP 21 266 (1965)

ECEV) V(10(B8Y*CM/SEC) SIGMACCM(22)
5.00E+03 9.82E-01 1.43E-16
S.50E+03 1.03E+00 1.66E-16
&.00E+03 1.08E+C0 1.73E-16
6.50E+03 1.12E+00 1.79E-16
7.00E+0Q3 1.16E+0C0 1.90E-16
7.50E+03 1.20E+00 1.9%E-16
8.00E+03 1.24E+00 2.19E-16
8.50E+03 1.28E+00 2.1%E-16
9.00E+C3 1.32E+00 2.18E-16
9.50E+03 1.35E+00 2.53E-16
1.00E+04 1.39E+C0 2.54E-16
1.05E+04 1.42E+00 2.55E-16
1.10E+04 1.46E+0C0 2.77E-16
1.15E+04 1.49E+00 2.94E-16
1.20E+04 1.52E+00 2.99E-16
1.25E+04 1.55E+00 2.9%E-16
1.30E+04 1.58E+00 3.08E-16
1.35E+Q4 1.61E+00 3.23E-16
1.40E+04 1.64E+00 3.41E-16
1.45E+04 1.67E+00 3.48BE-16
1.50E+04 1.70E+00 3.32E-16
1.55E+04 1.73E+00 3.33E-16
1.60E+04 1.76E+00 3.36E-16
1.65E+04 1.78E+00 3.41E-16
1.70E+C4 1.81E+00 3.46E-16
1.75E+04 1.84E+00 3.54E-16
1.80E+0C4 1.86E+00 3.52E-16
1.85E+04 1.89E+00 3.51E-16
1.90E+C4 1.91E+00 3.62E-16
1.95E+04 1.94E+00 3.59E-16
2.00E+04 1.96E+00 3.36E-16
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2.05E+04
2.1CE+C4
2.15E+04
2.20E+04
2.25E+Q4
2.30E+04
2.35E+04
2.40E+04
2.45E+4+04
2.50E+04
2.55E+04
2.460E+Q4
2.70E+04
2.80E+04
2.85E+04
2.90E+04
2.95E+04
3.00E+04
3.05E+04
2.10E+04
3.15E+04
3.20E404
3.25E+04
3,30E+04
3.35E+04
3.40E+04
T L5E+04L
Z.50E+04

JAERI M 83—013

TABLE 24 - CONTINUED

1.99E+00
2.01E+00
2.04E+CQO
2.06E+00
2.08E+00
2.11E+00C

2.13E+00 -

2.15E+00
2.17E+00
2.20E+00
2.22E+00
2.24E+00
2.2BE+0Q0Q
2.32E+00
2.35E+0Q0
2.37E+00
2.39E+00
2.41E+00C
2.43E+00
2.45E+00
2.47E400
2.48E+00
2.50E+00
2.52E+00
2.54E+00
2.36E+00
2.58E+00
2.60E+CQ0C

3.56E-16
3.59E-16
3.65E-16
3.85E-16
2.64E-16
3.60E-16
3.36E-16
3.44E-16
3.57E-1¢6
3.83E-16
4.11E-16
3.81E-16
3.73E-16
3.90E-16
4.08E-16
3.66E-16
3.83E-16
4.00E-16
4.23E-16
4L.29E-16
4.32E-16
4.22E-16
4&.25E-16
4,01E-16
3.83E-16
4L.22E-16
3.89E-14
4 .05E-16

PROCESS © H + CO = H+ (01
TOBUREN AND NAKAI., PHYS. REV. 171 114 (1968)

E{EVD V{10¢(8Y*CM/SEC) SIGMA(CM(2))
1.00E+05 4 .3%9E+00 4.60E-16
2.00E+05 6.21E+00 3.60E-16
3.00E+05 7.61E+00 3.25E-16
4 .00E+CS B.79E+00 2.63E-16
5.50E+05 1.03E+01 2.32E-16
B.00E+05 1.24E+01 1.63E-16
1.00E+06 1.39E+01 1.47E-16
1.25E+06 1.55E+01 1.27E-16
1.50E+06 1.70E+01 1.10E-16
1.75E+06 1.84E+01 1.02E-16
2.00E+06 1.96E+01 9.10E-17
2.25E+0Q06 2.08E+0Q1 8.51E-17

2.50E+06

2.20E+01
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TABLE 24 - CONTINUED

- 113 -

PROCESS H + .CO0 = H+ (01)
MCNEAL, J. CHEM. PHYS. 53 4308 (1970)

E(EV) V{10(8)xCM/SEC) SIGMA(CM(2))
1.00E+03 4 .39E-01 8.21E-17
1.30E+03 5.01E-01 F.hb4E-17
1.50E+03 5.38BE-01 1.04E-16
2.00E+03 6.21E-01 1.25&E~16
2.50E+03 6.95E-01 1.34E-16
3.00E+03 7.61E-01 1.48E-16
4.00E+03 8.7%9E-01 1.69E-16
5.00E+03 9.82E-01 1.81E-16
&.00E+03 1.08E+00 1.65E-16
7.C0E+03 1.16E+00 1.58E-16
8.0C0E+03 1.24E+400 2.10E-16
?.00E+03 1.32E+00 2.01E-16
1.0CE+04 1.39E+00 2.15E-16
1.20E+04 1.52E+00 2.40E-16
1.50E+04 1.70E+00 2.77E-16
2.00E+04 1.96E+00 3.15E-16
2.50E+04 2.20E+00 3.49E-16

PROCESS H + C0O = H+ (01)
SMITH ET AL, J. GEQPHYS. RES. 81 2231 (1976)>

ECEW) V(10(8)*CM/SEL) SIGMA(CM(2))
2.50E+02 2.20E-01 1.60E-17
5.00E+02 2.11e-01 4&,50E-17
1.00E+03 4.39E-01 1.02E-16
2.00E+03 6.21E-01 1.35E-16
3.00E+03 7.61E-01 2.15E-16
5.00E+03 9.82E-01 2.46E-16
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Fig.25 H + CO, = H' (ag)
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TABLE 25

PROCESS © H + €02 = H+ (01D
DIMOV AND DUDNIKOV, SOV. PHYS.-TECH. PHYS. 11 919 (1967)

ECEV) V{10(8Y*xCM/SEC) SIGMACCM({2))
?.00E+05 1.32E+01 2.50E-16
1.10E+06 1.46E+01 2.00E-16
1.30E+06 1.58E+01 1.60E-16

PROCESS : H + €02 = H+ (01D
TOBUREN AND NAKAI., PHYS. REV. 171 114 (19468)

ECEV) V10(8Y*CM/SEC) SIGMA(CM(2))

1.00E+05 4L.39E+00 5.85E-16
2.00E+05 6.21E+00 L.69E-16
3.00E+05 7.61E+00 4.28E-16
4L.00E+05 8.79E+00 3.72E-16
5.50E+05 1.03E+01 3.27E-16
8.00E+05 1.24E+01 2.4L4E-16
1.00E+06 1.39E+01 2.17E-16
1.25E+06 1.55E+01 1.91E-16
1.50E+06 1.70E+01 1.69E-16
1.75E+06 1.84E+01 1.51E-16
2.00E+06 1.96E+01 1.33E-16
2_.25E+06 2.08E+01 1.22E-16
2.50E+06 2.20E+0C1 1.11E-16

PROCESS : H + €02 = H+ (0O1)
MCNEAL, J. CHEM. PHYS. 53 4308 (1970)

ECEV) V{10(8)=*CM/SEC) SIGMACCM(2))
1.00E+03 4.39E-01 8.44E~-17
1.50E+03 5.38E-01 1.30E-16
1.70E+03 5.73E-01 1.41E-16
2.C0E+03 6.21E-01 1.72E-16
2.50E+03 6.95E-C1 1.82E-16
3.00E+03 7.61E-01 1.92E-16
2.50E+03 8.22E-01 2.24E-16
5.00E+03 9.82E-01 2.28E-16
6.00E+03 1.08E+00 2.45E-16
8.00E+03 1.24E+00 2.B6E-16
1.00E+04 1.3%E+00 3.09E-16
1.25E+04 1.55E+G0 3.37E-16
1.50E+04 1.70E+00 3.50E-16
2.00E+0Q4 1.986E+00 3.68E-16
2.50E+04 2.20E+00 3.69E-16
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TABLE 25 - CONTINUED

PRCCESS = H + C0O2 = H+ (01>
SMITH ET AL, J. GEOPHYS. RES. 81 2231 (1%76)

ECEV) V(10(8Y*CM/SEC) SIGMA(CM(2))
2.50E+02 2_.20E-01 3.00E-17
S.00E+02 3.11E-01 7.40E-17
1.00E+03 4.39E-01 1.34E-16
2.00E+03 6.21E-01 1.74E-16
3.00E+03 7.61E-01 2.85E-16
5.00E+03 9.82E-01 2.95E-16
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Fig.26 H + CHy - H' (g
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TABLE 26
PROCESS H + CH4 = H+ (01>
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEV) V{10(8Y*xCM/SEC) SIGMA(CM{2))
1.00E+05 4 39E+4+00 4L 22E-16
2.00E+05 6.21E+00 3.00E-16
3.0CE+05 7.61E+00 2.52E-16
4 . 00E+0S 8.79E+00 1.90E-16
S.5CE+05 1.03E+01 1.69E-16
8.00E+Q5 1.24E+01 1.32E-16
1.00E+06 1.39E+01 1.05E-16
1.25E+06 1.55E+01 B8.38E-17
1.50E+06 1.70E+01 7.60E-17
1.75E+06 1.84E+0C1 6.87E-17
2.00E+06 1.96E+01 S.95E-17
2.25E+06 2.08E+01 S.48E-17
2.50E+056 2.20E+01 4 ,96E-17

PROCESS H + CH4 = H+ (013
MCNEAL, J. CHEM. PHYS. 53 4308 (1970)

ECEV) V(10(8Y*{M/SELC) SIGMACCM(2Z2))
1.00E+03 4.39E-01 5.72E-17
1.20E+03 4.81E-01 6.03E-17
1.50E+03 5.38E-01 9.68E-17
2.00E+Q3 6.21E-01 8.52E-17
2.50E+073 6.95E-01 1.05E~16
3.00E+03 7.61E~01 7.61E-17
4&.00E+Q3 8.79E-01 7.79E-17
5.00E+03 9.82E-01 8.44E-17
7.00E+03 1.16E+00 1.48E-16
8.00E+03 1.24E+00 1.47E-16
1.00E+04 1.39E+00C 1.67E-16
1.20E+04 1.52E+00 2.19E-16
1.50E404 1.70E+00 2.25E~-16
c.00E+C4 1.96E+00 2.53E-1¢6
2.50E+04 2.20E+00 3.71E-16

PROLESS H + CH4 = H+ (01>
SMITH ET AL, J. GEOPHYS. RES. 81 2231 (1976

ECEV) V(10(8Y*CM/SEC? SIGMA(LCMC(2))
2.5QE+02 2.20E-01 1.60E-17
5.00E+02 3.11E-01 4.20E-17
1.00E+03 4L,.39E-01 8.00E-17
2.00E+03 6.21E-01 8.5Q0E-17
3.00E+03 7.61E-01 1.12E-16
5.00E+0C3 9.82E-01 1.37E-16
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Flg.27 H+C2H4"H+(Ggg)
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TABLE 27

PROCESS * H + C2H4 = H+ (01)
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1968)

ECEVS V{10(8)*CM/SEC) SIGMA(CMC(2))
1.0CE+05 4L . 39E+0Q0 5.63E-16
3.00E+05 7.61E+00 3.73E-16
5.50E+05 1.03E+01 2.54E-16
B.00E+05 1.24E+01 2.00E-16
1.00E+06 1.39E+401 1.68E-16
1.25E+06 1.55E+0% 1.46E~-16
1.50E+06 1.70E+01 1.28E-16
1.75E+0Q6 1.84E+01 1.09E-16
2.00E+06 1.986E+01 9.78E-17
2.25E+06 2.08BE+01 B.71E-17
2.50E+06 2.20E+01 7.39E-17
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Flg.28 H + C2H5 - H" (g4 )

1 i_Hﬂlli i llIHHI 1 Iillllll 1 IIIHIIi L I!IIIII] | IIIHII[ BERRRL

1o

IR RIL
IRl

-15
10 o

G

"%

R
Lo

107

T
IREIt

IO-II

T
RN

107"

T
L

jpe

i llllllll
Ll

} 0-20

RN

I

Cross Section (cm?)

l 0-2{

T T TTIT]
R

1077

1T

L

] 0-23

T
Lo

® Toburen and Nokaoi (1968}

ol oo v o s vepd vl rvd g rennt 11
10° 10! 102 10° 10! 10° 108 107 108
Projectile Energy (eV)

— 121 —



JAERI— M 83--013

TABLE 28

PROCESS ¢ H + C2H6 = H+ (01>
TOBUREN AND NAKAI., PHYS. REV. 171 114 (1948)

ECEV) V(10(B)*CM/SEC) SIGMAC(CM(2))
1.00E+0CS5 4.39E+00 &.57E-16
2.00E+05 6.21E+C0 4.98E-16
3.00E+05 7.61E+00 4.14E-16
4.00E+05 B.79E+0O0 3.21E-16
5.50E405 1.03E+01 2.85E-16
8.00E+05 1.24E+01 2.12E-16
1.00E+06 1.39E+01 1.78E-16
1.25E+06 1.55E+01 1.49E-16
1.50E+06 1.70E+01 1.35E-16
1.75E+06 1.84E+C1 1.21E~16
2.00E+06 1.96E+01 1.03E-16
2.25E+06 2.08E+01 9.65E-17
2.50E+06 2.20E+01 8.68E-17
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Fig.zg H + C4H|0 - H' (GOI)‘
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TABLE 29

PROCESS : H + C4H1I0 = H+ (01
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1948)

ECEV) V(10(8)*CM/SECS SIGMACCMC(2))
1.0CE+05 4.39E+00 g.69E-16
3.00E+05 7.61E+00 6.62E-16
S.50E+05 1.03E+01 L.6LE-16
8.00E+05 1.24E+01 3.76E-16
1.00E+06 1.3%E+01 3.17E-16
1.25E+06 1.55E+012 2.80E-16
1.50E+06 1.70E+01 2.42E-16
1.75E+06 1.84E+01 2.13E-16
2.00E+0Q6 1.96E+01 1.98E-16
2.25E+046 2.08E+01 1.73E-16
2.50E+06 2.20E+01 1.60E-16
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FIQ.SO H+C"H+(Go|)
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TABLE 30

DROCESS * H + ¢ = H+ (012
TOBUREN AND NAKAI, PHYS. REV. 171 114 (1%968>

ECEW) V(10(8)*xCM/SEC) SIGMA(CM(2))
1.00E+05 4 .39E400 1.87E~16
3.00E+05 7.61E+00 1.34E-16
5.50E+05 1.03E+01 1.01E-16
8.00E+05 1.24E+01 6.40E-17
1.50E+06 1.70E+01 4.50E-17
2.00E+06 1.96E+01 3.70E-17
2.50E+06 2.20E+01 3.20E-17
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Fig.3] Hh+ Hz"" H (0_10)
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TABLE 31

PROCESS ¢ H- + HZ2 = H (-102
STIER AND BARNETT, PHYS. REV. 103 896 (1956

ECEY) V{10(8Y*xCM/SEC SIGMALCM{(Z2))
4. 00E+03 8.79E-01 1.02E~15
&.00E+03 1.08E+40Q0 1.02E-15
8.00E+03 1.24E+00 1.05E-15
1.00E+04 1.39E+00 1.04E-15
1.20E+04 1.52E+00 1.00E-15
1.60E+04 1.76E+00 9. 14E~16
Z2.00E+04 1.96E+00 B.72E-16
2.50E+04 2.20E+00 7.24E-16
Z.00E+04 2.41E+00 7.45E-16
5 @ H- + (-102

ROSE BULL. AM. IT 3 40 (19583

ECEVD V{10 (8)Y*CM/SEC) SIGMAC(CM(23)
& . 00E+05 &8.79E+00 B.5CE-17
6.00E+05 1.08E+01 &L.7QE-17
8.00E+05 1.24E+01 5.20E-17
1.00E+05% 1.39E+01 4.50E-17
1.20E+06 1.52E+01 3.78e-17
1.40E+06 1.64E+01 3.27£-17

PROCESS @ H- + H2 = H (=107
SMYTHE AND TOEVS., PHYS. REV. 139 Al1l> (1%945)

ECEV) V(10(8y*xLM/SEC) SIGMACCM{2Z2))D
L. 20E+06 2.85E+01 5.77E-18
7.40E4+Q6 3.78e+01 3.43E-18
G.BOL+04 L.35E+01 2.07E-18
1.46E+07 5.31E+01 1.60E-18
1.79£+07 5.88E+01 1.29E-18

FRCGCESS ¢ H- + H2 = H (=102
DIMOV AND DUDNIKOV, SOV. PHYS.-TECH. PHYS. 11 919 (196&7)

E(EVD V{10(8>«xCM/SEC) SIGMACCM(2))
G.00E+05 1.32E+01 7.30E-17
1.10E+0Q6 1.46E+01 5.50E-17
1.30E+06 1.58E+01 L. 40817
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TABLE 31 - CONTINUED

H- + H2 =

WILLIAMS,

2.00E+03
3.00E+03
4.00FE+03
5.00E+03
6.00E+03
7.00E+03
8.00E+03
1.00E+04
1.50FE+04
2.00E+04
3.00E+04
4.00E+04
5_.00E+04

PROCESS

ECEV)

H- + H2 =

H

PHYS.

H

O 00~ O

(-102
REV.

.21E-01
.451E-01
.7%E-01
.82E-01
.O08E+00
.16E+00
1.24E+400
1.39E+00
1.70E+00
1.946E+00
2.41E+00
2.78E+00
3.11E+00

(-107

SIMPSGN AND GILBODY.,

3.00E+03
4 ,00E+03
5.00E+03
1.00E+04
1.50E+04
2.00C+04
2.50E+04
Z.00E4+04

PROCESS

ECEV)

H- + H2 =
RISLEY AND GEBALLE.,

2.00E+02
3.00E+02
4.00E+02
5.00E+02
6.00E+02
7.00E+02
8.00E+0Q2
9.00E+02
1.00E+03
2.00E+03
3.00E+03

H

7.61E~01
8.79E-01
9.82E-01
.39E+00
.70E+00
.PEE+QO
.20E+0C
.41E+O0Q

MRS R

(=107

1.96E-01
2.41E-01
2.78E-01
3.11e-01
3.40E-01
3.68E-01
3.93E-01
4.17E-01
4.39E-01
6.21E-01
7.61E-01
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154 9 (19673

V{10(8Y*xCM/SEC)

J. PHYS.

V{10(8Y*CM/SEC)

PHYS.

V{10(8)*CM/SECY

REV.

BS 1959

AG

2485

SIGMACCM(2))

9.34E-16
9.08E-16
9.31E-16
g.22E-16
?.30E-16
9.78E-16
1.03E-15
?.52E-16
B.43E-16
7.6CE-16
7.21E~16
5.72E-16
5.52E-16

(19725

SIGMA{(CMA(2))

1.10E-15
L19E~-15
.17E-15
.03E-15
.29E-16
-1CE-16
.59E~16
.1BE-16

NN 00D e

(19745

SIGMA(CM(2))

7.45E-16
8,28E-16
8.B5E-16
9.26E-16
9.52E-16
9.83E-16
1.01E-15
1.04E-15
1.06E-15
1.18E-15
1.24E-15



4 . Q0E+D3
5.00E+03
46.00E+Q3
7.00E+03
8.00E+03
9.00E+03
1.00E+04

JAERI—M 83—013

TABLE 31 - CONTINUED

8.79E-01
9.82E-01
1.08E+00
1.14E+00
1.24E+00
1.32E+00
1.39E+00

1.26E-15
1.27E-15
1.26E-15
1.25E-15
1.23E-15
1.22E-15
1.19E-15

PROCESS : H- 4+ H2 = H (-10) ,
HEINEMEIER ET AL, J. PHYS. B9 2669 (1976)

ECEVD Y(10(BY*CM/SEC) SIGMACCM(2))
5.00E+04 3.11E+0D 5.81£-16
1.508+0C5 5.38E+00 2.84E-16
2.00E+05 6_.21E+00 2.34E-16
3.C0E+0S5 7.61E+CO 1.64E-16
4 .COE+05 8.79E+00 1.49E-16
5.0CE+05 G.82E+00 1.17E-16

PROCESS & H- + H2 = H (-10)
GEDDES ET AL, J. PHYS. B13 319 (1980)

— 130 —

ECEVD V10(8y«xCM/ASECY SIGMAL{CM(2))
1.00E+03 4 .39E-01 9.00E-16
2.00E+03 6.21E-01 9.18E-16
3.00E+03 7.61E-01 9.37E-1¢6
4 .00E+03 8.79E-01 @.51E-16
5.00E+03 $.82E-01 ?.80E-16
7.00E+03 1.16E+00 ?.96E-16
9.00E+0D3 1.32E+00 1.02E-15
1.10E+04 1.46E+00 .90E-16
1.30E+04 1.58E+00 F.57E-16
1.50E+04 1.70E+00 9.00E-16
1.80E+04 1.86E+0Q0 B.44E-16
2.00E+04 1.96E+00 7.86E-16
2.30E+04 2.11E+Q0 7.69E-16
2.50E+04 2.20E+00 7.50E-16
3.00E+04 2.41E+00 6.97E-16
3.30E+04 2.52E+00 6$.60E-16
4.00E+04 2.78E+00 6.20E-16
5.00E+04 3.11E+400 5.40E-16
&.50CE+04 3.54E+00 L.65E-16
B.00E+G4 3.93E+00 4.23E-16
1LO00E+0S 4.39E+00 3.85E-16
1.30E+05 5.01E+00 3.31E-1¢6
1.60E+05 5.56E+00 2.84E-16
2.00E+05 6.21E+00 2.52E-16
2.50E+0C5 46.95E+Q0 2.34E-16
3.00E+05 7.61E+00 1.91E-16
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Flg.32 H™ + Nz - H (0-;0)
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TABLE 32
PROCESS @ H- + N2 = H (-1Q)
STIER AND BARNETT, PHYS. REV. 103 B96 (1956)
ECEY) V(10(8)*CM/SEC) SIGMA (CM(2))
4 .00E+03 8.79E-01 1.79£-15
6.00E+03 1.08E+00 1.82E-15
8.00E+03 1.24E400 1.73E-15
1.00E+04 1.39E+00 1.60E-15
1.20E404 1.52E+00 1.50E~15
1.60E+04 1.76E+00 1.39E-15
2.00E+04 1.96E+00 1.36E-15
2.50E+04 2.20E+00 1.3&E~15
3. 00E+04 2.41E400 1.36E-15
PROCESS : H- + N2 = H (-10)
SMYTHE AND TOEVS, PHYS. REV. 139 A15 (1965)
ECEY) V(10(8)Y*CM/SEC) SIGMACCM(2))
1.46E+07 5_.31E+01 1.83E-17
PROCESS : H— + N2 = H (=10)
DIMOV AND DUDNIKOV, SOV. PHYS.-TECK. PHYS.
ECEV) V(10(8)*CM/SEC) SIGMA(CM(2))
9 .00E+05 1.32E+01 3.50E~-16
1.10E+06 1.46E+01 2.80E-16
1.30E+06 1.58E+01 5 4LOE-16
PROCESS : M- + N2 = H (-10)
KOVA'CS, NUCL. INSTR. METH. 51 224 (1967)
EC(EV) V(10 (8)Y*CM/SEC) SIGMACEM(2))
2.00E+05 6.21E+00 7.56E-16
3_00E405 7.61E+00 5.74E~-16
4.0CE+05 8.79E+00 5.10E-16
5.00E+0S 9 .82E+00 4.80E-16
PROCESS : H- + N2 = H (-10)
RISLEY AND GEBALLE, PHYS. REV. A9 2485 (1974)
E(EV) V(10 (8)*CM/SEC) STIGMA (CM(2))
1.96E~01 1.05E-15

2.00E+02

- 132 -
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3.C00E+02
4 . O0E+D2
5.00E+02
6.C0E+02
7.00E+C2
8.00E+02
9.00E+02
1.00E+03
2.00E+03
3.C0E+03
4.00E+C3
5.00E+03
6.00E+03
7.00E+03
8.00E+03
.COE+03
1 .00E+04

JAERT— M #23—013

TABLE 32 - CONTINUED

2.,41E-01
2.7BE-01
3.11-01
3.40E-01
3.4BE-01
3.93E-01
4.17E-01
4.3%9E-01
6.21E-01
7.61E-0C1
8.79E£-01
9.82E~-01
1.08E+00
1.16E4+00
1.24E+00
1.32E+00
1.39E+00

1.31E-15
1.48E-15
1.59E-15
1.67E-15
1.74E-15
1.80E-15
1.85E~15
1.90E-15
2.08E-15
2.09E-15
2.05F-15
1.998-15
1.96E-15
1.91£-15
1.86E-15
1.83E~15
1.776~15

PROCESS ¢ H- + N2 = H (=102
HEINEMEIER ET AL, J. PHYS. B9 28669 (1976&)

ECEVD V10(8)*«CM/SEC) SIGMACCM(2))
1.00E+C5 4 39E+00 g.23£-16
2. 00E+03 6.21E+00 6.87:-16
3.00E+005 7.61E+00 5.83E-16
£.00E+05 8.79E+0Q0 5.42E-16
5.00E+05 9.82E+00 4. .B3E-16
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Fig.33 H.+ 0, = H {(0.,)
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TABLE 33

PROCESS @ H=- + 02 = H (-1
STIER AND BARNETT, PHYS. REV. 103 8%&6 (1956)

ECEVD V{10(8)xCM/SEL) SIGMACCM(2))
L 00E+C3 8.79E-01 1.05E-15
5.00E+03 1.08E+00 1.04E~-15
E.OOE+03 1.24E+00 1.09E-15
1.00E+04 1.3%9E+00 1.07E~15
1.20E+04 1.52E+00 1.C8BE-15
1.60E+04 1.76E+00 1.10E-15
2.00E+04 1.96E+00 1.15E-15
2.50E+04 2.20E+00 1.18E-15
2.00E+04 2.41E+00 1.16E-15

PROCESS : H- + 02 = H (=102
ROSE ET AL, BULL. AM. PHYS. SOC. I@I 3 40 (1958)

ECEV) VI10(BY*CM/SELD) SIGMACCM(2))
4.00E+05 B.79E+00 3.44E-16
6.00E+05 1.08E+401 2.76E-16
8.00E+05 1.24E+401 £.35E-16
1.00E+06 1.39E+01 1.91E-16
1.25E+08 1.55£+01 1.786E-16
1.5CE+06 1.70£+01 1.26E-16

PROCESS ¢ H- + 02 = H (-103
SMYTHE AND TOEVS, PHYS. REV. 139 Al5 (1945)

ECEV? Y10 (BY*CM/SEC) SIGMA(CCM(2))
1 46E+07 5.31E+01 1.9%9E-17

PROCESS ¢ H- + (02 = H (=107
PILIPENKDO ET AL, SOV. PHYS. JETP 22 965 (19663

CCEVD V10(8y*CM/SEC) SIGMACCM(Z2)
2.C0E+02 7L.61E-01 B8.70E-16&
L,008403 8.79E-01 B.69E-16
3.00E+053 9.82E-01 B.6ETVE-16
6.00E+03 1.088+00 B.76E-16
7.C0E+03 1.16E+00 B.96E-16
B.00E+03 1.24E+0C 9.05E-16
9.00E+03 1.32E+0C0C 9.35E-16
1.00E+04 1.39E+00 9.23E-16
1.10E+04 1.446E+00 9.10E-16
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TABLE 33 - CONTINUED

1.20E+0C4 1.52E+00 8.98E~-16
1.30E+04 1.538E+00 8.85E-16
1.40E+04 1.64E+00 9.05E-16
1.50E+04 1.70E+00 8.92E~16
1.60E+04 1.76E+00 B.90E-16
1.8C0E+04 1.86E+00 8.76E-16
2.00E+04 1.96E+00 G.05E-16
2.20E+04 2.06E+00 9.01e-16
2. H0E+04 2.15E+00 F.19E-146
2.70E+04 2.28E+00 P.LE6E-16
3.00E+04 2.41E+00 F.19E~16

PROCESS ¢ H- + 02 = H (-10)
BAILEY AND MAHADEVAN., J. CHEM. PHYS. 52 179 (1970>

ECEVD V(10(B)*CM/SEC) SIGMA(CM{233
7.39E+00 3.7BE-02 5.99E-146
G.29E+00 4.23E-02 5.88E-16
1.44E+01 5.27E-02 6.35E-18
1.73E+01 5.81E-02 6.98E-16
2.2eE+01 &.54E-02 £.97E-156
2. 668401 65.89E-02 7.00E-16
2.95E+01 7.54E-02 7.22E-16
3.35E+01 8&.04C-07 H.97E-16
3.81E+01 B.57E-0Z 7.43E-16
5.27E+01 1.01e-01 8§.20E-16
6.90E+01 1.15E-01 8.22E-16
B.B1E+01 1.30E-01 9.28E-16
1.07E+02 1.44E-01 9.58E-16
1.40E+02 1.64E-01 1.06E-15
1.90E+C2 1.91E-01 1.01E-15
Z2.4B8E+C2 2.19E-01 1.00E-15
3.48E+02 2.59E-01 1.08E-15

PROCESS @ - + 02 = H (=102
RISLEY AND GEBALLE., PHYS. REV. A9 2485 (1974)

E(EV3 V10(BY«CM/SEC)Y SIGMACCM(2))
2.C0E+02 1.96E-01 1.44E-15
3.00E+02 2.41E-01 1.3BE-15
4, 00E+02 2.78E-01 1.32E-15
5.00E+02 3.11E-01 1.30E-15
6.00E+02 3.40E-01 1.26E-15
7.00E+G2 3.68E-01 1.228-15
8.00E+02 3.932E-01 1.20E-15
2. 00E+02 4. 17E-01 1.18E-15
1.00E+03 4 .39E-01 1.17E-15
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2.00E+03
3.00E+03
4L Q00E+03
5S.0CE+Q3
46.00E+03
7.00E+03
8.00E+03
2.00E+03
9.B0E+03

JAERI M 83-—013

TABLE 33 - CONTINUED

6.21E-01
7.61E-01
8.79E~-01
F.B2E-C1
1.08£+00
1.16E+C0
1.24E+00
1.32E+00
1.38E+00

— 137 -

1.09E-15
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Fig.34 H + H0 - H (0a,)
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TABLE 34

FRCGCESS ¢ H- + HZC = H (-1
BARIBAUD ET AL, COMPT. REND. B272 457 (1971)

ECEV) VTO0(BY=CM/SED) SIGMACCM(Z2))
5.0CE+0C3 $.82E-01 _ 7.50E-16
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Fig.39 H + CO - H (ag,)
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TABLE 35

PROCESS ¢ H- + C0 = H (-10>
PILIPENKO ET AL, SOV. PHYS. JETP 22 965 (19446)

ECEV) V(10(8)Y*CM/SEC) SIGMA(CM(2))
2.00E+03 7.61E-01 3,79E-15
4. 00E+03 8.79E-01 2.87E-15
5.00E+03 9.82E-01 2.36E-15
6.00E+03 1.08E+00 2.03E-15
7.00E+03 1.16E+00 1.76E~15
8.00E+03 1.24E+00 1.51E-15
9 .00E+03 1.32E+00 1.63E~-15
1.00E+04 1.39E+00 1.378~15
1.10E+04 1.46E+00 1.46E-15
1.20F+04 1.52E+00 1.43E-15
1,.30E+04 1.58E+00 1.31E-15
1.40E+04 1.6LE+00 1.35E-15
1.50E+04 1.70E+00 1.26E~15%
1.60E+04 1.76E+00 1.26E-15
1.70E+04 1.81E+00 1.17E~15
1_.80E+04 1.86E+00 1.11E-15
1.90E+04 1.91£+00 1.08E-15
2.00E+04 1.946E+00 1.12E-15
2.10E+04 2.01E+00 1.15E-15
2.20E+04 2.06E+00 1.06E~15
2.3CE+04 2.11E+00 1.19E-15
2.40E+04 2.15E+00 1.1LE-15
2.50E+04 2.20E+00 1.09E~-15
2.60E+04 2.24E+00 1.08E~15
2.70E+04 2.28E+00 1.10E-15
72 .80E+04 2.32E+00 1.07E-15
2.G0E+04 2.37E+00 1.06E-15
3.00E+04 2.41E+00 1.07E-15
3.20E+04 2.48E+00 1.09E-15
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Fig.36 H + CO, = H (g_)
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TABLE 36
PROCESS H- + C02 = H (-10}
DIMOY AND DUDNIKOV, SOV. PHYS.-TECH. PHYS. 11 919 (19&7)
ELEV)D V10 (B8Y*CM/SEL)Y SIGMAL(CM(2Y 3
G.00E+05 1.32E+01 &.30E-16
1.10E+0C6 1.46E+01 5.00E~16
1.30E+406 1.58E+01 L& 00E-16

PROCESS @ H- + C02 = H (10D
KOVA'CS, NUCL. INSTR. METH. 51 224 (1967)

ECEVD V{10(B8YxCM/SECD SIGMACCM{2Z23)
2.00E+05 6.21E+00 1.47E-15
4 .00E+Q5 B.79E+00 9.42E-16
5.00E+05 S.B2E+Q0O B.24E-16
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FIQ.ST H™ o+ C3H3 - H (G-Io]
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TABLE 37

PROCESS : H- + C3H8 = H (-10
DIMOV AND DUDNIKOV, S0OV. PHYS.-TECH. PHYS. 11 919 (1967)

ECEV) V108 *CM/SEC) SIGMACCM(2))
%.00E+05 1.32E+01. 6.00E-16
1.10E+06 1.46E+01 _ 4.60E-16
1.30E+06 1.58E+01 2.50E-16
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Flg.38 H-+H2*H+(0_H)

g
SRR SRR S 111/ N AL B AL B R AL BN R AL N B
107 b -
107" & —
107" & --"_—
107" = —:
- ]
- @] —
107" & “o =
= g =
1077 & =
o L _:
-22-® Fogel' (1857 7
10" E® Fogel' et al (1957) =
- & Smythe ond Toevs (19635) -
N Dimov and Dudnikov (1967) N
3 @ Williagms (1867)
107 0O Heinemeier et al (1976) =
- Geddes et al (1980) -
- & Lichtenberg et al (1980} -
oo Lol et el v vl ol ocrvenml v
10° 10 102 10° 10! 10° 10° 107 ek

Projectile Energy (eV)

— 146 —



JAERI—NM 83013

TABLE 38

PROCESS : H- + HZ2 = H+ (-11)
FOGEL', S0OV. PHYS. JETP 5 £G% (1957)

ECEV) V(10 (B)Y*xCM/SEC) SIGMALCM(2))
1.03E+04 1.41E+00 3.80E~17
1_.5ZE+04 1.71F+00 L. 10E-17
2.07E+04 2.00E+00 3.80E-17
2. 4L9E+04 2_.19E+00 3.90E-17
2.96E+04 2.39E+00 3.70E-17
3.18E+04 2.L8E+00 2. 10E-17

PROCESS @ H- + HZ = H+ (-11)
FOGEL™ ET AL, SOV. PHYS. JETP 5 3282 (1257)

ECEV)D V10(8)*CM/SEC) SIGMACCM(2))
4 00E+Q3 8.79E-01 3.75E-17
1.00E+04 1.39E+00 4.31E-17
1.50E+04 1.70E+00 4L .50E-17
2.00E+04 1.96E+00 4,00E-17
Z.50E+0 2.20E+00 4.33E-17
2.00E£+04 2.41E+00 4.12E-17
3.30E+04 2.52E+00 L 36E~17
3.95E+04 2.76E+00 4.10E-17

PROCESS @ H- + HZ = H+ (=113
SMYTHE AND TOEVS, PHYS. REV. 132 Al13 (1965>

ECEVD V(10¢(8Y*xCM/SEC) SIGMACCM(22)
4L _20E+056 2.85E+01 1.60E-19
7T.40E+06 3.7BE+01 1.92E-1%
P.80E+06 4 .35E+01 1.13E-19
1.79E+07 5.88E+01 4L.69E-20

PROCESS @ H- + H2 = H+ {(~11>
DIMOV AND DUDNIKOV., SOV. PHYS.-TECH. PHYS. 11 919 (19673

ey V10(B8Y*CM/SECS SIGMA(CM(2)3
G.C0E+05 1.32E+01 4.30E-18
1.10E+06 1.46E+01 3.00E-18
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TABLE 38 - CONTINUED

PROCESS @ H- + H2 = H+ {(~11)
WILLIAMS, PHYS. REV. 154 9 (1967)

ECEVD V{10(B8Y*CM/SEC) SIGMACCM(22)
2.00E+03 6.21E-0C1 2.09E-17
3.C0E+03 7.61£-01 2.56E-17
4 . 00E+03 B.79E£-01 2.72E-17
5.0CE+03 2.82E-0C1 2.90E-17
6.0CE+03 1.08E+00 2.90E~17
7.00E+03 1.146E+00 3.25E-17
B.COE+(Q3 1.248+00 2.38E~17
1.00E+04 1.39E+00 3,60E-17
1.5CE+04 1.70E+00 2.86E-17
2.00E+04 1.96E+00 4 .01E~17
Z.00E+04 2.41E+00C L, 34E-17
4 .00E+04 2.78E+00C 4 .02E-17
S.Q0CE+04 3.11E+00 4. 01E-17

PROCESS ¢ H- 4+ #HZ2 = H+ (-112
HEINEMEIER ET AL, J. PHYS. B9 2669 (197&6)

ECEV) V(10(8)YxLCM/SEC) SIGMA(CM{2))
5.00E+04 3.11E+00 3.17E-17
1.50E+05 5.38E+00 7.90E-18
2.00E+05 6.21E+00 4. 70E-18
3.00E+05 7.61E+00 6.50E-18
4 .00E+05 8.79E+00 4.10E-18
5.0C0E+05 3.82E+00 3.40E-18

PROCESS H- + HZ = H+ (-11)
GEDDES ET AL, J. PHYS. B13 219 (1980)

E(EV) V{(10(8)*CM/SEC) SIGMACCMC2Y)D
1.00E+03 L _.39E-01 1.24E-17
2.00E+03 6.21E-01 2.89E-17
Z.0CE+03 7.61E-01 3.57E-17
4.00E+03 §.79E-01 3.78E-17
5.00E+03 9.82E-01 3.88E-17
7.00E+03 1.16E+00 3.90E-17
9.00E+03 1.32E+00 3.96E-17
1.10E+04 1.46E+00 4.0BE-1Y
1.30E+04 1.58E+00 4L,10E~-17
1.5CE+04 1.70E+0C0O t.09E-17
1.80E+04 1.86E+00 4LL.12E-17
2.00E+04 1.96E+00 4Lo1LE-17
2.30E+04 2.11E+0Q 4019817
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B.00E+0Q4
1.00E+05
1.30E+05
1.60E+05
2.00E+05S
2.50E+05
3.00E+05

JAERI—M 83—013

TABLE 38 - CONTINUED

2.20E+00
2.41E+00C
2.52E4+00
2.78E+00
2.11E+00
3.54E+00
3.93E+C0
L.39E+00
5.01E+00
5.56E+00
&.21E+00
6.95E+00
7.61E+00

4.16E-17
4.16E-17
4,20E-17
4.18E-17
3.80E-17
3.39E-17
2.B8E-17
2.81E-17
2.32E-17
2.14E-17
1.53E-17
1.45E-17
1.00E-17

PROCESS ¢ H-= 4+ H2 = H+ (-11>
LICHTENBERG ET AL, J. PHYS. B13 343 (1980)

ECEVD V(10(8Y*CM/SED) SIGMA{CM(Z))

4L.O00E+Q4 2.78E+00 7.80E-17
4.50E+04 2.95E+0C 7.40E-17
&6&.00E+0Q4 3.40E4+0C0 7.20E-17
7.00E4+04 3.6BE+0O 6.&60E-17
1.C0E+05 L .39E+00 7.20E-17
1.30E+05 S.01E+G0C 6.40E-17
1.5CE+CS 5.38E+00 5.20E~17
1.90E+05 6. 05E+00 3.860E-17
2.30E+05 46.46E+00 2.00E~-17
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ffig.39 H + N, = H" (0.;)
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PRGCESS : H- + N2 = H+
FOGEL® ET AL

ECEVY V(10C(8Yy*CM/5EC?
5.40E+03 1.02E+00
1.00E+04 1-39E+00
1.50E+04 1.70E+00
2.50E+04 2.20E+0C
3.00E+04 2.41E+00
4L, 00E+C4 2.78E+0Q0

PROCESS ¢ H- + NZ = H+

SMYTHE AND TOEVS.,

ECEV) V{10(8y*CM/SEC)

1.46E+07

PROCESS : H- + N2 = H+
DIMOV AND DU

ECEVD V(10(BY®LM/SEC)
g.00E+053 1.32E+01
1.10E+06 1.46E+01
1.30E+06 1.58E+01

PROCESS @ H- + N2 = H+

JAERT - M 83013

TABLE 39

(=115

, S0V. PHYS.

(-113

5.31E+01

(-11)
DNIKQOV.,

(-113

JETP 5 382

PHYS.

PHYS.-TECH.

(1957)

SIGMALCLM(Z))

1.07VE-16
1.10E-16
1.13E-16
1.43E-16
1.54E-1¢&
1.74E-16

(19655

SIGMACCM(2))

5.458-19

PHYS. 11 919 (1967)

SIGMA(CM(2))

1.70E-17
1.40£-17
9.00E~-18

KOVA'CS, NUCL. INSTR. METH. 51 224 (1967)

ECEV? VE10(8)Y*CM/SEC) SIGMALLM{Z))
2.000+05 6.21E+00 2.94E-16
3.00E+05 7.861E+00 2.08E-16
4. OQE+O5 B.7FE+00 1.42E-16
5.00E+05 G.82E+00 1.18E-16

PROCESS ¢ H- + N2 = H+ (=113
HEINEMEIER ET AL, J. (19762

ECEY) V(10(8Y*CM/SEC) SIGMACCEMC2))
1.00E+05 4 .39E+00 1.39E-16
2.00E+C5 6.21E+00 8.95E-17
3.00E+05 7.61E+0Q0 6.70E-17
4 . 00E+05 8.79E+CO L .80E-17
5.00E+05 9.82E+00 3.45E-17
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TABLE 39 - CONTINUED

PROCESS ¢ H- + N2 = H+ (-11)
LICHTENBERG ET AL, J. PHYS. B13 343 (1580

ECEV) V(10(8)*{M/SEL) SIGMACCML2))
4L_B0E+04 2.95E+00 2.20E-16
5.00E+04 3.11E+00 2.60E-16
6.00E+04 3.40F400 2.80E-16
7.00E+04 2.68E+00 3.00E-16
1.00E+0S 4 .3FE400 2.80E-16
1.10E+05 4L.61E+00 2.40E-16
1.50E+Q5 5.38E+00 2.00E~-16
1.60E+05 5.56E+00 1.60E-16
2.00E+05 6.21E+00 1.40E-16
2.30E+405 &.66E+00 1.60E-16
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Fig.40 H + 0, - H" (o)
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TABLE 40
PROCESS @ H- + 02 = H+ (=11
FGGEL' ET AL, SOV. PHYS. JETP 5 382 (1957)
ECEYV) V(10{8)*CM/SEC) SIGMA(CM(2))
5.50E+03 1.03E+00 9.15E-17
1.00E+04 1.39E+00 9.57E-17
1.50E+04 1.70E4+00 1.03E-16
2.00E+04 1.96E+00 1.0%9E-16
2.50E+04 2.20E+00 1.32E6-146
3.00E+04 2.41E+00 1.42E-1¢6
4. Q0E+04 2.78E+00 1.60E-15
PROCESS @ H- + 02 = H+ (=11
SMYTHE AND TOEVS, PHYS. REV. 139 Al5 (19653

SIGMA(CM(23)

ECEV) V(10(8y*CM/SED)D \
1.46E+07 5.31E+01 1.18E~-18
PROGCESS @ H- + 02 = H+ (-11)

LICHTENBERG FT AL, J. PHYS. B13 343 (1%980)

ECEV) V10(BY*CM/SEC) SIGMA(CCM(2))
3.00E+0Q4 2.41E+00Q 1.38E~-16
3.50E+04 2.60E+00 1.48E-16
4. 00E+04 2.78E+00 1.68BE-16
5.00E+0C4 3.11E+00 2.20E-16
&5.COE+Q4 3.40E+00 1.76E-16
7.C00E+04 3.6BE+00 1.48E-16
1.1C0E+05 4L . B61E+0D 1.16E-1¢&
1.30E405 S.01E+CO $.80E-17
1.50E+05 5.38E+00 $.20E-17
1.70E+G5 5.73E+00 7.00E-17
1.90E405 6.05E+00C 5.60E-17
2.10E+05 6.37+00 5.60E-17
2.30E+05 L.686E+00 7.00E-17
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Fig.41 H + HO0 - H* (0.,)
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TABLE 41

PROCESS @ H- + H20 = H+ (-11)
BARIBAUD ET AL, COMPT. REND. B272 457 (1971)

ECEV? VI10(BY=CM/SECS SIGMALCIM(2))
5.00E+073 9.82E-01 7.00E-17
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Fig.42 H + C0, = H' (o)
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TABLE 42

PROCESS ¢ M- + C02 = H+ (-11)
DIMDY AND DUDNIKOV, SOV. PHYS.-TECH. PHYS. 11 919 (19467)

ECEV)D V(10(8)Y*CM/SEC) SIGMACLCM(2))
9.00E+05 1.32E+01 3.50E-17
1.10E+06 1.46E+01 2.40E-17

PROCESS @ H- + €02 = H+ (=11
KOVA'CS, NUCL. INSTR. METH. 51 224 (1967)

E(EV) V(10(8Y*CM/SECY SIGMACCM(2))
Z2.00E+05 6.21E+00 7.59E-16
3.00E+05 7.61E+00 L.56E-16
4L 0QE+05 B.79E+00 2.58E-16
S5.00E+05 3.82E+00 2.35E-16
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Fig.43 H + C3H3" H+(0-|1)
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TABLE 43

PROCESS : H- + C3HB8 = H+ (-11)
DIMDOY AND DUDNIKOV., S0OV. PHYS.-TECH. PHYS. 11 219 (1947

E{EV) V10(8)*CM/SEC) SIGMACCM(2))
9.00E+05 1.32E+01 2.30E-17
1.10E+06 1.46E+01 1.80E-17
1.30E+06 1.58E+01 1.10E-17
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3. Appendix
Charge Transfer Prcocesses and Experimental Method for Cross Section
Measurements
3.1 Descriptions of Charge Transfer Processes
In order to understand the charge transfer processes and to
calculate the cross sections from experimental data a mathematical
description of them must be formulated. Such a description has been
presented by several authorslj_q) and will be reviewed here.
Consider the charge transfer processes that initially take place
when a positive hydrogen ion beam interacts with a target gas:
i e x> H0 4+ x (1)
> H + X (2)
These beam products, 1Y and U , may undergo further charge transfer

collisiong such as

B+ x>0+ X (3)
> H+ + X+ e (4)
H +X~H +X+e (5)
S H O+ X+ Ze (6)

where X designates any target gas atoms and molecules. The discussion
in following is confined to collisions in which the number of electrons
bound to an atomic projectile is changed. Investigations on the final
state of the target are not considered.

One may describe these processes mathematically by the following

set of differential equations;

dFO = _FO(UOI + go_l)dn + Flclodﬂ + F_ld_lodﬂ (7
dF, = “F (o) + 0q_)dr + Foopdn + F_jo_i,dm (8)
anl = —F—l(U—IO + G”ll)dﬂ + FO O—ldﬁ + Fl l-ldﬁ (9)
with F, +F, +F . =1 (10)

1 0] i
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where Fi is the fraction of the beam of charge state i in the total

beam, ¢,_. is the cross section of charge transfer from charge state i to

if
f, and 7 is the number of target gas in molecules cm
General solutions to these equations can be obtalned and evaluated

1),2)

for particular experimental conditions. Allison et al. had pre-

sented the solutions to equations (7) through (10) for inecident H+, 1°

and H beams. These solutions are complicated by the variety of charge
transfer processes which may occur. The problem of charge transfer is

greatly simplified by approximation appropriate to the energy range to

be investigated. 1In Fig. Al are shown the cross sections for charge

transfer of hydrogen beams in H, over a wide range cf the energy to give

2
an idea of the magnitude of the cross sections for possible all
processes.

For incident H+ or E° particles with energies greater than 50 keV
the cross sections for formation of negative hydrogens, Oy_1 and Og_1°
respectively, are very small compared to the cross sectiomns, Ulo and K
That is, at 100 keV the creoss secticn for H formation in an incident H+
beam is less than 1 % of that for 1° formation; likewise, for an
incident H beam the probability of H formation is less than 1 % of
that feor H+ formation. One may, therefore, neglect the megative
hydrogen component in either proton or neutral hydrogen beams with less
than 1 % error at 100 keV. At higher energies the probability of H
formation decreases much faster than the corresponding probabilities for
the formation of H+ and H®.

When the H component is neglected in the set of differential
equations (7)-{(10) the resulting set of equations is

df . = -F . o.,dm + F. o .dr (11)

0 0701 1710

dFl = —Fldlodw + F0001dﬂ {12}
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in hydrogen gas.
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where the constants a's, b's, ¢'s and r's are functions of the six cross
sections in the differential equations. For small value of m these
solutions may be expanded in a series. By neglecting all powers of =
higher than second under the initial conditions being that Fl=l,

53

F =F_1=O at m=0, Fogel’ had given the result,

0

2 2

m+ (o 1-1%0 T 9.1 T %1-1%10 T Y1-1%-11

F =g + o

-1 1-1 10%0-1

This result can be used to determine the double electron capture cross
sections from measured fraction of negative ions.

According to the symmetry of the differential equations (7)-(9),
the indices (0,1}, (0,-1) or (1,-1) of eq. (20) are interchangeable.
Therefore, by taking Fi(O) = 1, the solution of eqs. (7)-{9) can be
written as

2 2

F, =o.,.m7 + %o Y (21)

+ + - -

i %43 iK%k ¢ Y13%k T %43 T %139k T %135
where i and j are the charge of the incident and observed beams to be
investigated and k is the other one of the three charge sates of

hydrogen beams. It is obvicus that this result is more general and

identical with eq. (18) for small m.

3.2 Experimental Methods
There are several different methods currently being used for
measuring O,y CTOSS sections. They will be briefly described here.
{1) Charge Equilibrium Method
As a beam passes through a gas target the charge state is
continuously changing such that after several collisioms a statistical

charge equilibrium distribution has been established as described by
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with FO + Fl =1, (13)

The sclutions of these equations may now be written as:

. o
for an incident H  beam,

g

01
F, =———— {1 - exp[-n(o,. + c..)i}; (14)
1 OlO + 001 10 01
.. +
for an incident H beam,
°10
F = ——>——{.1 - exp[-1(a,, + 0,,)]1}; (15)
0 010 -+ 001 10 01
For m > =,
g
01
F1 751 T 5 g,
(1le)
“10
By Tow = oF o
10 7 ‘o1

where Fim is called as an equilibrium fraction, that is, the fraction of
the total beam in charge state i under equilibrium (multiple collision)
conditions.
For "thin" target condition, in which only single collisions occur
as the beam passes through the target gases;
e (610_+ 001) <<1, (17}

equations (14) and (15) are
(18)

respectively.
For example, to describe the two-electron capture and loss
processes, one must consider the three component system. The solutions

of differential equations (7)-{(9) are

Fl = ap + alexp(-rlﬁ) + azexp(-rzv)
FO = b0 + blexp(—rlw) + bzexp(—rzw) (19)
le = ¢4 + clexp(urlw) + czexp(-rzﬂ)
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eq. (16). FExperimentally this condition is satisfied when the gas
density in the cellision region is increased to the point that the
fraction Fi does not change with further increase in density such as
dFi/dW=0, then

) =0 (22)

F i34
i
where Fjoo is value of Fj when m + =,

To determine cross sections using the method of charge equilibrium,
one may consider the simple system of only two components such as H® and

+ +
HE involved in the cecllisions of H + H_ at high energies greater than

2

100 keV. For this case, from the measured values, 7, Fl and Flm’ and by

using the equations, the cross sections can be evaluated from

F 1 -F
oo Jeo
G.. = 1n{ —1
01 T F1 - llw
(23
O, = o Fl ln{l _ Flm h
10 T F1 - Flm

This method of determining cross sections is limited in its

application to simple two or three component systems and rarely used.

(2) Beam Attenuation Method
If a fast particle heam is subjected to a transverse electric or
magnetic field during its passage through a gas target, it is possible
to arrange that while each ceomponent of original beam follows a
well-defined orbit, fast product of charge transfer ccllisions is lost
from the initial orbit socon after formation, then a beam attenuation due
to charge transfer being chserved.

In this case we have

i T = —(lfv)ln(Fi/Fi(W=O)) (24)
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from eqs. (7) through (9). Therefore, from attenuation measurement of
the neutral hydrogen beam, the sum (001 + 00_1) can be obtained as well
as the sums (010 + Ul_l) and (0_10 + U—ll) from pure proten and negative
hydrogen beams.

If the system is one of only two components, the measurement of the

attenuation can be uniquely interpreted: if the components are neutral

or positive,

1l

o

10 (25)

i

=(1/m)1n(F, /F, (7=0)) }

o} —(l/ﬂ)ln(FO/FO(W=O)) .

0l
However, as mentioned above, this methed is not used independently

for the measurement of each creoss section but is combined with other

methods, especially such as the equilibrium method.

{(3) Growth Method

Charge transfer cross sections can also be determined by projecting
a prepared beam through a gas at sufficiently lower pressure such that
more than one collision is not encountered. By measuring the growth of
the new charge component fraction as the pressure is increased, the
cross section for that charge transfer process can be derived from the
slope of the linear portion of the growth curve (see eq. (18)). This
method is of special interest in determining the cross sections of
capture and loss of two electrons in a single collision as described in
egs. (20) and (21).

Experimentally, measurements made by this method are comparatively
easy and simple to perform. A prepared beam of the desired charge
species is incident on a differentially pumped collision cell with a
variable leak to increase the target gas pressure. The beam emerging

from the cell is separated into its various charge components by either
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electrostatic or magnetic analyzer. Either Faraday cups or particle
counting detectors record the growth of one or more charge states as the
cell pressure increases.

This same method also can be applied to determine uniquely a
single-collision cross section even when the number of charge states is
very large. In these cases the number of terms in the differential

equations is increased, thereby increasing the complexity of solution.

{(4) Condenser Method

The condenser method has been found to be useful in measuring
charge transfer collisions at low energies where the ionization cross
sections are small. When fast positive ion beams pass through a gas
target they must leave behind positive ions with low kinetic energies
except in the rare case where the impact parameter between the colliding
atoms is small encugh to transfer appreciable velocity to the target
atoms. Since the process of ionization of the target gas, if occurs,
produces ion pairs in equal numbers, an excess of positive over negative
ion can be interpreted in terms of electron capture,

Application of a small transverse electric field guides the
positive ions to a collector plate mounted at appropriate position in
the collision cell and electrons created in the collision to the
opposite plate. By measuring the positive and negative signal from the
both plates, one can determine the cross sections of positive ion

production, ¢, and negative one, v _, respectively.

+
The major difficulty encountered with the application of the
condenser method is to distinguish the slow ions produced by ienization

and multiple charge transfer processes. For example, this method
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applied to protens incident on gas target at low energies ylelds the sum
910 + 201_1.
{5) Mass Spectrometric Method

A variation of the condenser method is found in a closely related
mass spectremetric method in which slow ions are extracted from the
collision region and subseguently mass-analyzed. This technique
provides a cross section for the production of particles having a
particular e/m ratio but then does not uniquely define an individual
process: a combination or sum of cross sections involving ionization
and charge transfer is usually determined. Thus, as in the condenser
method, this method is also generally limited in application to the
energy range of the iIncident projectile where the processes cther than
being considered can be neglected. Nevertheless, this method is very
useful when the target gas is molecular and the main interest is in

identifying the products from the target gas during collision.
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