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ABSTRACT 

Presented  i s  an eva lua ted  g r a p h i c a l  and t a b u l a r  compi la t ion  of 
atomic and molecular c r o s s  s e c t i o n s  of i n t e r e s t  t o  c o n t r o l l e d  thermo- 
nuc lea r  r e sea rch .  The c r o s s  s e c t i o n s  are t a b u l a t e d  and graphed as a 
f u n c t i o n  of energy f o r  co l l - i s ion  processes  invo lv ing  heavy p a r t i c l e s ,  
e l ec txons ,  and photons w i t h  a t o m  and ions.  Also inc luded  a r e  s e c t i o n s  
on data f o r  pa l - t i c l e  p e n e t r a t i o n  through macroscopic m a t t e r ,  p a r t i c l e  
t r a n s p o r t  p r o p e r t i e s ,  p a r t i c l e  i n t a e r a c t i o n s  wi th  s u r f a c e s ,  and p e r t i n e n t  
charged p a r t i c l e  nuc lear  c r o s s  s e c t i o n s  and r e a c t i o n  r a t e s .  In most 
cases  e s t ima tes  have been made of t h e  data accuracy.  
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INTRODUCTION 

This  r e p o r t  i s  an expanded r e v i s i o n  of a previous  compi la t ion  of 
atomic and molecular  c r o s s  s e c t i o n s  i s s u e d  i n  1964 as QRNL-3113R. One 
d i f f i c u l t y  encountered i n  us ing  t h e  prev ious  e d i t i o n  w s s  t h e  problem o f  
o b t a i n i n g  t h e  data from graphs cover ing  s e v e r a l  o r d e r s  of magnitude. 
'This problem has been so lved  by pr.jsent;ing t h e  d a t a  i n  both  t a b u l a r  and 
g r a p h i c a l  form. For each set of' d a t a ,  r e f e r e n c e s  are given  from which 
the d a t a  were obta ined .  A l l  d a t a  were p l o t t e d  and a b e s t - f i t  t o  t h e  
d a t a  was made r e s u l t i n g  i n  a single curve.  Estimctte:; have been made o f  
t h e  accuracy o r  conf idence  leyrel of t h e  d a t a .  

The c r o s s  s e c t i o n  n o t a t i o n  used i s  t h a t  i n  c u r r e n t  use .  The cross 
s e c t i o n  Gif r e p r e s e n t s  t h e  cross s e c t i o n  of an e n e r g e t i c  p a r t i c l e  of 
i n i t i a l  charge state i and f i n a l  charge s t a t e  f .  A l l .  cz"r3ss s e c t i o n s  
,are p l o t t e d  i n  t e r m s  of cm2/moleeule o r  cm2/atorn f o r  a montonic gas. 
P a r t i c u l a r  attention should be  g i w n  t o  t h e  explana tory  notes  found i n  
each s e c t i o n .  

R d i l i g e n t  e f f o r t  has been made t o  ensure t h e  accuracy of t h e  
p u b l i c a t i o n  p rocess .  Rowever, i n  an e f f o r t  of t h i s  magnitude errors 
w i l l  e x i s t .  The au tho r s  would g r e a t l y  a p p r e c i a t e  t h e  users b r i n g i n g  
t h e s e  t o  our a t t e n t i o n .  An annual  up-dat ing of t h e  d a t a  i s  planned. 

..... 
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R.1.4 

0 E l a s t i c  S c a t t e r i n g  of H Induced by Ho Impact on H 

H + H -+ B + H 

0.0 E-01. 
1.0 E-01 
2.0 E-01 
3.0 E-01 
4.0 E-01 

6.0 E-01 
8.0 E-01 
1.0 E 00 
l . 5  E 00 
2.0  E 00 
2.5 E 00 
3.0 E 00 

5.0 E-01. 

6.25 keV 25 keV 100 keV 225 keV 
i m p  ac t Impact Zmpa c t Impact 

6.79 13-12 
2 -50  ~-12 

6.50 E-14 
3.1.5 E-14 

7.00 ~ - 1 5  

1.46 ~-1-5 
6.60 E-16 
3.33 13-16 
1.86 E-16 

5.17 E-13 
1.61 E-13 

1.73 E-l4 

4.00 E-15 

3.61 E-12 
1.18 E-12 
7.68 E-14 
1.80 E-14 

4.48 E-15 
2.70 ~ - 1 5  

5.52 E-16 
1.11 E-16 

8.19 E-15 

1.14 E-15 

2.74 E-17 

1.31. E-12 
4.40 E-14 
3.60 E-15 

2.59 E-16 
1.46 13-16 

2,80 E-17 
7.18 E-18 

1.10 E-15 
4.90 13-16 

5.80 E-17 

2.35 E-18 

6.30 E-13 
1.54 E-1)+ 

3.38 E-16 
1.09 E-16 
4.29 E-17 

5.60 E-18 
2.60 E-18 
8.70 E-19 

1.2'1 E-15 

l . 31  E-1'j' 

'T.10 E-19 

Reference : 

H + 11, Theore t ica l :  M. R. E ' l a n n e ~  and K. J. McCann, Phys. Rev. A 9 
1947 (1974). 

-3 

Accuracy I : 

These t h e o r e t i c a l  p r e d i c t i o n s  have no t  been expe r imen ta l ly  t e s t e d ,  ,and 
t h e i r  r e l i a b i l i t y  i s  unknown. The theo ry  neglects e x c i t a t i o n  of t h e  
t a r g e t ,  so  t h e  cross sections are c e r t a i n l y  l o w ;  t h i s  w i l l  be most 
s e r i o u s  at the h ighe r  impact e n e r g i e s .  
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E l a s t i c  S c a t t s r t n g  of  H -t- Piiduced hy H c Impact. on H 

............ ___ _ ......... ... ...... - -_I_ .. II_ 
~ . ........................... .= 

Angle D i f f e r e n t i a l  CTOSS Sec t ions  
(det%) ( ern2/,,) 

_lll_.__ l.--.-..--l____l .._. I_ 
I_ _ll__l_ ...- 

6.25 keV 
Irno a c t  

0.0 F-01 
1.0 E-01 
2s0 7:-01 
3.0 E-01. 
4.0 E-(31 

6.0 E-01 
8.0 E-01 
1.0 E 00 
1.5 E 00 
2.0 E 00 

5.0 E-01 

2 .OO E-11 
5.40 z-12 
7 -23 E-13 
2,26 3-13 
1.01. E-1.3 

2,80 E-3.4 
l.12 E-14 

5.10 E-14 

5 . 3 0  E-15 
1-11 E-15 
2.71 E-16 

25 keV 225 keV 
Impact Irnpac t 

4.71 E - l l  8.08 E-11. 
1.30 E-12 3.74 E-14 
l . 3 5  E-13 1.74 E-15 
3.26 E-llc 2.82 E-1.6 
1.10 E-15 
h.84 E-15 
2 .b2  E-15 

....... __-__ ......... ............... ......... ..... __ - ----.-........ 
~ 

Reference : 

H 1- H :  T h e o r e t i c a l  da t a .  M.X. Flannery an4 K . J .  McCann, J .  Phys. B 
(to be publ i shed)  
c a l c u l a t i o n  anti d i s p l a y s  no data; the data presen ted  her? w e r e  obtained 
by p r i v a t e  coumi.iiiication wi th  t h e  authors. 

I_ 

f 

T h i s  paper d i scusses  only  t h e  b a s i s  f o r  t h e  

Ac ellracy : 
-PI 

These t h e o r e t i c a l  p r e d i c t i o n s  have not  been exper imenta l ly  t e a t e d ,  a n d  
t h e i r  r e l i a b i l i t y  i.s unknown. 
t a r g e t  so t h e  c ros s  s e c t i o n s  a r e  c e r t a i n l y  low; t h i s  w i l - l  be m o s t  Serious 
a t  t h e  h igher  impact ene rg ie s .  

'The theo ry  n e g l e c t s  exci ta t r ion of t h e  

Note added i n  proof :  
2000 eV see  J. C .  Huuver, J. Fayeton, m d  M. 13arat, J. Phys. 13 x, For exper imenta l  data i n  t h e  e n e r a  range 250 - 

1358 (1974). 
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~ . 1 . 8  

+ 
Angular D i s t r i b u i i o n  of H Formed as Ho Tr8verses a Target of H2 

+ 
11' -i H 2 -+ H + e + H~ 

0.0 z-01 
1.0 E-01 
2.0 E-01. 
3.0 E-01 

6 .0  E - O ~  
8 .0  E-01 
1.0 E 00 
1.5 F 00 
2,o !3 00 
2 . 5  E 00 
3.0 E 00 
3.5 E 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 

11.0 E-01 

1 keV 

2.90 E-13 
3.20 E--13 

4.54 E-14 

1.26 ~ - 1 h  

9.00 &l]+ 

2.  (1 d - J 4  

6.29 3-1-5 
3.8> E-15 
1.20 3-15 
>.16 tl:-16 
2.63 E-16 
1 .50  x-16 
1.00 E-16 
G,3( E - l (  

2.54 E-l( 
4.10 E-17 

5 keV 
I m p  a (3 t 

H+ _._.- 

7 .20 3.2 

7.00 E-1-4 
3.20 E-14 

5 - 5 5  x-1.5 

7.90 E.-I 6 

1.30 E--16 
6.48 E - ~ Y  
3.85 E-1-7 

3.20 E-12 
2.50 E-13 

1.16 E-lli 

3.30 E-15 

2.80 E-16 

2.69 E-17 

10 keV 
Impact 
I_- 

+ a I.- 

1.44 E-11 
1.30 E-1-2 
1.75 E-13 
4.60 E-14 
1.95 E-14 
6.28 E-15 
2,80 E-15 
1 .)LO E-15 

Reference: 

H + H2, Experimental:  H.  H .  Flei.schm%nn, C .  F. B a r n e t t ,  and J-. A. Hay, 
Phy. Rev. A 16 1 0 ,  569 (1974). 
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ANGLE (deg) 
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0 S c a t t e r i n g  of  H Formed by Charge Transfer 
+ 9f 

N e u t r a l i z a t i o n  of 11 i n  H 2 

1.0 E 00 
1.5 E 00 
2.0 E 00 
3.0 E 00 
4,o E 00 
5 . 5  E 00 

2.40 E-02 
1.90 E-02 

1.50 E-02 

1.43 E-02 

1-69 E-02 

1-.43 E-02 

% 
There are no publ i shed  CYOSS sections f o r  this process .  We present here  
the h a l f  angle of t h e  s c a t t e r e d  Ii0 distribution (i.2. the d e v i a t i o n  a.ngl..e 
a t  which the HO f l u x  i s  ha l f  its maximum v a l u e ) .  

Reference : 
I__ 

+ II f Wz, Experimental:  A.B.  Wittkorser, P.H. Rose, R.P. Bast ide ,  and 
N.B. Brooks, Phys. Rev. _I 136¶ A7254 (1964). 

Accui-acy : 
____cII 

Unspeci.fied. 
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0.01 
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A.1.12 

+ 
Angular Uistribiition of H Formed by Dissoc ia t ion  

-c 
of H;, on an H Targct  

+ I I + H  + H o + H  
i- + 

......... .................. ____ ........... ___ ....... .......... .- ........... - ~_-___ ____ ......... _____ ................__I_ 

Angle 
(deg) 

D i f f e r e n t i a l  Cross S e c t i o n s  
( cm2/sr 1 

0.0 E-01 
1-0 d-e1 
?,O E-01 
3.0  d-01 
4.0 E-01 
6.0 E-01 
8.0 E-01 
1 . 0  .ti 00 
1.2 E 00 
1 . J c  E 00 
1.6 E 00 
1.8 E 00 

10 keV 
Impact 

2.80 E-13 
2.14 E-13 

-.I- 

1.87 E-13 
1.71-c E-1.3 
1.64 ~ - 1 3  
l . > h  E-11 
1.49  E-13 
1.06 E-13 
7.63 E-14 
11.32 G 1 - b  
2. (0 E-14 
1.37 E-14 

80 keV 
Impact -_  

6.00 E--1.3 

4.99 E-13 
4.54 e-7.3 
3.7.6 ; ~ 1 3  

1.00 E-114 

5.40 E-13 
5.14 E.-13 

5 .go E-:1.4 

Referer1ce: 

Experimental. Data: 
the cross  s e c t i o n  for t h i s  process  i s  e s s e n t i a l l y  equal  t o  the corresponding 
c r o s s  s t . r t ion for H 2 +  dissocia.t , ion on H, as measurgd i n  G.W. McClure, 
Phys. Rev. _- 1L0, A169 (1965) .  
accuracy of the data i s  no b e t t e r  than this, 
a c t u a l l y  the c ross  sections for d i s s o c i a t i o n  i ~ i  H2 from McCliij-e 's work, 

Arcording t o  G.W. McCIiire, Phy.;. Rev. - 153,  182 (1967), 

Equal i ty  wi th in  + 10% i s  ind i  cated and the 
The data presented here are 
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O I- Angular D i s t r i b u t i o n  o f  H and 11 Forxnetl by 

+ D i s s o c i a t i o n  of 6 on H Targe t  
2 2 

D i f f e r e n t i a l  Cross Sec t ions  
( cm2/ sr ) 

1 . 0  E-01 
2.0 E-01 
3.0 E-01 
4.0 rl-07. 
6.0 E-01 
8.0 ~:-oi. 
1.0 E 00 
1.2 r: 00 
1.4 E 00 
1-6 H 00 
1.8 E 00 
2.0 E 00 
2.2 11: 00 

H0 -. 

10 keV Impact 
I-.-.- 

3.50 E-12 
1.40 E-12 

5.62 E-13 

2.35 ~ - 1 3  

4.74 E-lJh 

8.00 E-13 

3.70 E-13 

1.43 E-13 
8.lr.5 E-14 

2.50 E-14 
9.70 E-1.5 
4.67 E-15 
1. ‘.(9 i;:-15 

H+ 
I_ 

80 keV Impact 
_-_lll 

B+ 

2.40 E-13 h.50 E-12 5.89 E-13 

1.82 E-13 1.110 E-1.2 4.81 E-13 

1.26 E-13 1.23 E-J.3 3.04 E-13 
9.35 E-14 7.50 E-14 

1-1.60 E-14 
3.10 E-14 
l.94 E-14 

4.95 E-15 

2.02 E-13 2”64 E-12 5.07 E-13 

1-.62 E-13 6,68 E-13 4.45 E-13 

6,62 E-blr 9.70 E - ~ S  

9.23 E-15 

2.01 E-15 

Reference: 

HL i- H2, Experimcntal:  I ,  Saue r s ,  R.L. F i t zwi l son ,  J . C .  Ford,  and 
E.W. Thomas, Phys. Rev. A 6, 141.8 (1972); G.W. McCluye, Phys. Rev. 
- 140, A 769 ( 1 9 6 5 ) .  

I 

i- 
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i- 0 S c a t t e r b e  ol" H and H Induced by 

H Impact on He 4- 

+ I- + He +- Ho +- He H 

..~ .- ........................ ~ . .  ........... .................. __ -- ....................... m---:...- ._l 

AngJ-e DiL'ferential Cross Scctioris 
(deg) Ccrn?-/sre) 

.~.-.̂ .̂ ._I__ _-.. P I ........ 

5 keV impact 20 .. .-.- keV ....... ~ _ - -  Impact 

H0 + 
if - 

4.0 E-01. 1. 0;q F:..":i.4 

8.0 E-01 1,I.O E-15 1.1.0 E-14 1.01. E--15 2 . 11 E.-- 3.5 
6.0 E - O ~  2 . 5 5  E-15 2,41 E-7.4 2.64 e-i'j; 11.68 E-15 

1.0 ii: no 5.78 ~-16 6.20 E-1.5 4.25 E-16 1..06 E-15 
1 . 5  E 00 9.40 E-17 2.40 E.-1.6 

...... ___ ___ ............................ ~ ...... ...... _____- 

R.L. Fitzwil-son and E.W. Thomas, Phys. Rev. A 6, 1054 (1972). 

Notes : 

See Note (2) at end of chapter .  
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.t 
Angular Dis t r ibu t i -on  of Ho and H Formed 

0 as Ti Traverses a Target o r  He 

Ho 3. He -3- Ho f H e  

f Ho + He -t H f e d- He 

D i f f e r e n t i a l  Cross Sectlions 
( c m 2 / s r  1 

0.0 E-01 
1 . 0  E-01  
2 .0  E-QI. 
3.0 E-01 
4.0 E-01 
6.0 ~ - 0 1  
8.0  E-01 
1.0 E 00 
1.5 E 00 
2.0 E 00 
2.5 E 00 
3.0 E 00 
3.5 E 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 
7.0 E 00 

1 keV 5 keV 
Impact -- Impact 

1.0 keV 
Impact 
_ I ~  

2 . 5 0  E-13 

7.40 E-14 
4.00 E - l h  
2.59 E-14 
1 .30 E-14 

4.20 E-15 

1.95 E-13 

7.13 E-15 

1.50 ~ - 1 5  
'q.00 E-16 
3.90 E-16 
2.20 E-16 
1,40 E-16 
1.00 2-16 
5.20 ~-1-f 

2.00 E-17 
3.19 E-17 

7.00 E-12 
2 ,LO E-17 
3.05 E-13 

5.23 E-14 
1-10 E-13 

i -99 E-14 
9.30 X-15 
5.00 E-15 
1 - 5 7  E-15 
6.35 x-16 

1.82 E-16 
1.10 E-16 

3.30 E-16 

7.30 E-17 

1.20 E-14 
3. j 2  E-15 

8.50 E-16 
2.30 E-1.6 
8.30 E-l'T 
3.90 E-17 
2-1.0 E-1'[ 
1 . 2 0  E-17 
8.55 E-18 

1.58 E-15 

2.38 E-11 
2.60 z-12 

6.50 E-14 
2.80 E-1)c 

4.38 E-15 

2.30 E-13 

8 .63 E-15 

2.37 E-15 
6.55 d-16 
2 .a. E-16 
9.70 E-17 
4.55 E-17 
2 40 F -1.7 

'7.34 E--I 8 
1.50 E-17 

References : -. 

B -9- H e ,  Experimental:  !I, H. Flcischmmn, C.  F. B a r n e t t ,  and J. A. Hay, 
Phys. Rev. A 10, 569 (1974). 1. Sauers am3 W. E. Thomas, Phys, Rev. A 
I_ 10, 822 (197471 

Accuracy : 

S y s t e n a t i c  error < - + IO%* Random error < - 4- 5%. 
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+ 
L4ngula.~ D i s t r i b u t i o n  of Ho a n d  H Formed 

.t 
by Dis soc ia t ion  of  H on an He Target 2 

-?- a 
iI -?- He + H -1- 3 t Be 2 

4.0  E-01 
6 .0  E-01 
8.0 d-01 
1 . 0  E 00 
I-.? E 00 
1.4 E 00 
1 . 6  E 00 
1.8  E 00 
2 . 0  E 00 
2 . 2  E 00 
2 . 4  E 00 - 2.6 E 00 
2.8 E 00 

1.2 keV Impact 

H0 H+ Ha 

1.50 E-13 
6.70 E-14 
6.20 ~ - 1 b  
5 .65  E-Lh 
5 .08 E-1-4 
4 .40  e-14 
3.67 E - l h  
2 .94  E-14 
2.31 E-14 
1.76 e-14 
1.26 E-14 
8.48 E-15 
5.42 E-15 

8.55 E-14 
6.16 E-14 
4.90 E-14 
4.20 &..14 
3.70 3 -14  
3.12 !Llh 
2.50 3-14 
1. 93 E-l.4 
1.112 E-14 
1 . 00 E--]. )-i. 
;7.21 E-15 
4.35 E-15 

1.21 E-13 
3.64 g--14 
7.20 E-111 
5.00 .ti-14 
3.21 E-14 
1 .89  E-14  
9.06 E-15 
3. '15 d-15 
1.10 E-15 

1.05 E-13 
8.51 73-1-4 
6.88 E-14 
5.38 E-14 
3.95 E-14 
2.64 F - I ~  
1.50 g-lh 
6.90 ~ - 1 5  
2.60 E-15 

Reference: 
I ~ - -  

f 
H2 f Xe,  Exper imenta l :  1. Sauers, H.J,, Vi tzwi lson ,  J . C .  Ford, and 
ii:.W. 'Thomas, Phys. Rev. A 6 ,  1418 (l97?). 

Ac curacv : 

Systematic er ror  < $- 8%. Random eri-or < f .- 8%. 



A.1.21 

0.8 1.2 f.6 2.0 2.4 2.8 3.2 0 0.4 
ENERGY' (key) 





A.1.23 
..... 

Notes -- 

(1) References c i t e d  provide  d a t a  f o r  o t h e r  ene rg ie s  from 4 t o  80 keV. 
The width of t h e  R+ d i s t r i b u t i o n  has  been measured t o  200 keV by 
C.F. Barne t t  and J.A. Ray, Atomic C o l l i s i o n  P rocesses ,  (North 
Holland Publ.  Co. Amsterdam, 1964) p .  743. Also s e e  D . X .  Sweetman, Proc. 
Roy, Soc. A 256, 416 (1960). 

0 + 
( 2 )  There a r e  some s t u d i e s  of H angular  d i s t r i b u t i o n s  induced by H 

Accordimg t o  A.B. 
on H e  where on ly  t h e  h a l f  angle ( the  d e v i a t i o n  ang1.e a t  which t h e  
Ho f lux  i s  ha l f  i t s  maximum v a l u e )  is given .  
Wittkower, P.H. Rose, R.P. S a s t i d e ,  and N.B. Brooks,  Phys, Rev. -3 136 
M254 (1964), the ha l f  angle  varies from 0.35 m i l l i r a d i a n s  a t  20 keV 
t o  0.25 m i l l i r a d i a n s  a t  55 keV. 

... 

. . . . . . . . . - . . 







A . 2 . 2  

Exci ta t i -on Cross Sec t ions  f o r  t h e  Reactions 

H .t H + H(2s,2p) -t H 

Cross Sec t ion  f o r  S t a t e  nR 
( cm2 1 

4 .O 2-01 
5 .o E-01. 
6.0 E-01 
7.0 E-03. 
8.0 E - O ~  
9.0 E-01 
1.0 E 00 
1.5 E 00 
2.0 E 00 
3.0 E 00 
4.0 E 00 
5.0 E 00 
6.0 E 00 
7.0 E 00 
8.0 E 00 
9.0 E 00 
1.0 E 01 
1*5 E 01 
2.0 E 01 
3.0 E 01 
4.0 E 01 

6.0 E 01 

8.0 E 01 

1.0 E 02 

5.0 E 01 

7.0 E 01 

9.0  E 01 

1.7 E-21 
6.6 ~ - a  
1.7 E-20 
3.1 E-20 
5.5 E-20 
9.0 E-20 
1.8 E-18 
1.0 E-1.8 
2.6 E-18 
4.8 E-18 

7.6 E-18 

6.4 E-18 
7.5 E-18 

7.0 E-18 
6.2 E-18 
5.7 E-1.8 
5.2 E-18 
3.8 E-18 
3.0 E-1-8 
2.0 E-18 
1.6 E-18 
1.3 E-18 
1.1 E-18 
8.8 E-19 
7.8 E-19 
7.1. E-19 
6 . 3  ~-19 

2 
1.1 E-21 
11.8 E-21 
1 .'T E-20 
3.1 E-20 
5.5 E-20 
9.0 E-20 
1.8 E-18 
1.0 E-18 
2.6 E-18 
6.1 E-18 
9.8 E-18 
1.2 E-17 
1.2 E-17 
1.2 E-17 
1.2 E-17 
1.2 3-17 
1.1 13-17 
9.1 E-18 
8.5 E-18 
5 .I E-18 
3.9 E-18 
3.1. E-18 
2.6 ~ - 1 9  
2.2 E-18 
2 , o  E-18 
I.J E-18 
1.6 E-18 

References : 

H + H j. H(2s,2p) + H: M.R. F l m n e r y ,  Phys. Rev. 183, 241 (1969). 

Notes : 

See Note (22) a t  end of c h a p t e r .  
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S x c i t a t i o n  Cross Sections f o r  t h c  R e a c t i o n s  

H -t H2 + H(2s93s,2p,3p,3d) 2 
i- II 

Enei-gy 
(keV ) 

Cross Sec t ions  f o r  S t a t e  nR 
(em2 1 

2s __ 

5 1.10 Z-l( 
10 1.45 Z-17 
15 1.60 2-17 
20 1-50 x-17 
2> 1.20 s-17 
30 
35 

Î  3s I 2P 22 3d 

4.05 E-17 
1,75 ~ - J - 8  2 - 5 0  E-1 7 1.0? E-18 
2.00 ~3-18 2.40 E-17 J-.48 E-18 9.00 E-19 
2 .LO ,3-18 2.10 E-17 1.38 S-18 8.50 3-19 
2.05 E-18 1.80 E-l ' f  1.50 E-18 8.30 3-29 
1.95 E-18 1.60 E-18 7.7 d-19 
1.90 E-18 1.45 E-18 7 . 1  E-13  

Xeferences : 

H -t H2 -b H(2s,2p) + H2: J.1-I. B i r e l y  and R.S. MeNeaI., Phys. Rev. A 2, 
692 (1972) 

H + H2 + H(3s,3p,3d) + H2: R . H .  Hughes, H , M .  Petefish, and H .  Kisner", 
Phys. Rev. A 5- ,  21.03 (1972). 

Notes : ___.- 

See Note (23) a t  end of  chap te r .  

Accuracy : 
l_ll 

Systematic  e r r o r  < 50% foy 2s, 2p state; systeina1;ic error < 20% for 
3s, 3p, 3d s t a t e .  Random error < 10%. 
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bkc i t a t io i i  Cross Sec t ions  f o r  t h e  React ions 

........ ..... ~ _- ~__ _- .~. - ____ ~ - .......................... .... ... .......... ........... I____ .,.____ ____ ..~..~ .- ....... 

5.0 E 00 
6.0 E 00 
7.0 E 00 
8.0 E 00 

l . 0  E 01 
1.5 E 01 
2.0 E 01 

9.0 z 00 

2 . 5  r: 01- 

2s - 

2.8 ~ - 1 8  
3.3 E-1.8 
3.5 13-18 
3.7 x-18 

3.9 E-1 8 
4.2 E-18 
3.7 l3-18 
3.6 7-18 

3.3 E-18 

7 .O E-1.8 
8.1. E-18 
9.2 e.--18 
7- .1 E-1'7 
1.2 E-17 
1. .4 E - l P (  
1. . 5 -3-1~7 
1.2 E-l'.( 
9.2 E-1.8 

.. ........ ........ ...... .- ..... __ ~ 
__ __......-.....--__I ...... ___ ........ .______ 

Reference: 

J.H. Birely arid H.J. McNeal, Phys. Rev. A 5-, 697 (1-9'72). 

__II__ 

Notes : -_ 

See ;Jot= (24) a t  end. of  c h a p t e r .  

Accuracy : 

Systematic er ror  < 50%. 

_- 
Rant icxn  C r r o r  i 10%. 
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Exci ta t , ion Cross Sec t ions  f o r  the React ions 

Cross Sec t ions  foi- Excited S t a t e s  aR 
(en12 ) 

1.0 E 01 1.30 E-19 ?,GO E-20 1.50 E-19 3.64 E-19 
1.5 E 01 1.63 E-19 '7.90 E-30 3.32 E-1.9 4. (1 E-1-9 
2.0 E 01 1,85 ~ - 1 9  1.~35 E-19 4.07 E-19 3.68 E-19 

3.0 E 01 1.82 E-19 1,86 e-19 3.43 E-19 1.71 ~ - 1 9  
2.5 E 01 1.96 E-19 1. h'i E-19 3.88 lC-19 2.50 E-19 

3.5 E 01 1.38 E 4 3  2.12 E-19 3.13 E-19 1.25 E-19 

References:  

J .  Va,n Eck, F. J .  de Heer, and J .  Kistemaker,  Physica 30, 1J.71 (1964), 
as r ev i sed  by J. Valz den Bos ; (pr iva te  communication fr% E'. J. de Heer). 

Notes : 

See Notes (41) and (42) a t  end of chapter .  
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x c i t a t i o n  Cross S e r t i o n s  by E l e c t r o n  Captuye for the Eeact, 

H+ t 8 -+ H(2s ,2p )  t H +. 

.................. ............ .. . .......... 

En e 1- gy- Cross Sections for S t a i e  nR 
(k.eV) ( Cji lZ ) 

.. ..................... ........ ..... .............. _I_x ...____I 

- Experimental .................. _..- The0 ret i ____ c a1 

2P -- 2s II- 2P 2s 

2 . 3  3 00 2 .8  3-17 
3.0 E 00 14.6 ~ - 1 9  2,g E.-1.( 
4.0 E 00 1..5 E-1.8 3 . 3  E-17 
5 . 0  E 00 3.6 A-18 3.4 

7.0 E 00 1 .o E-1'7 3 . 3  e-1.q 

9 . 0  E 00 l . 9  E-1'7 3 . 1 &-..I r,i 
1.0 s 0 1  2.3 E--??( 3 . 0  3-1.7 

7.0 E: 01 2.8 E-1-7 8.0 E-18  3.2 E-l ' f  8.0 E.-18 

5 . 0 E 01 l . 3  E-17 1.6 X-ip (  3 .I. 3-1.8 
6 . 0  E 01  7 .4  E-18 1. -1. E-17 2 . 0  z-18 
7 . 0  z 01- 4 . 2  E-18 7 . 6  E-1.8 I. .3 E-1.8 
8 .0  E 0 1  5 . 3  E-18 9.jk E-19 
9.0 E 03- 3 . 8  E-? 8 6 .6 E.--1.9 
1.+0 E 02 2.7 E-1-8 4.8 E-19 
1 . 5  E 02 5 . 8  3-19 8.0 
2 - 0  E 02 1.8 e--1.9 2 .9  E-20 
3.0 E 02 3 . 2  E-20 5 . 8  ~..a 

- I_ 

6.0 :E: 00 6.6 3-18 3 . 3  E-17 

8 . 0  E 00 1. 5 E-lJ 3 .2  E-17 

1.5 F 01 3.2  E-?.ij 2 - 3  E-1.7 
2.0 3 01 3.4 d - l (  I.. 5 E--1'.( 

11.0 E 0 1  2 . 0  &-t'-( 2 . 4  E-17 5.2 E-18 

1 . 0  .d 03 '7.6 ~..-:?3 7 . 8  E-211 
........ ______ ............ - .- -s. __ -. .. ......... I .... - ................. 
Heferences : 

+- i- H + iI ?- H(2s) 3. H E X ~ . :  
Phys. I5 - 6, 2118 (1973); S . R ,  Bayrield, Phys. R e v .  185, 1-05 (1369). 

T . J .  Morgan, J. Ceddes, and i1.B. Gi lbody,  J. 

-4. 
Fi  9 II -+ i I (2s ,2p)  Theore t ica l :  
A. Joanna Taylor,  J. Phys;, t3 3 ,  813 (1970). 

T . M .  Chcshlre, D.F. G a l l a h e r ,  and 
- 

See Notes (1) and ( 2 )  at end or chapter .  

Systematic error < 50%. Ra,radom e r r o r  < 10%. 
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E x c i t a t i o n  Cross Sec t ions  f o r  the Heactions 

H + H -+ H + H (2s,2p) 9- i- 

2.5 ii: 00 
3.0 E 00 
4.0 z 00 
5.0 E 00 
6.0 E 00 
8.0 2 00 
1 . 0  E 01 
l . j  E 01 
2 . 0  E 01 
2.5 E 01 
3.0 z 01 
h.0  E 01 
5.0 E 01 
6.0 E 01 
8.0 E 01 
1.0 E 02 

2s .- 

5 . 5  3-18 
5.8 E-1.8 
5 .8  E-18 
5.7 E-18 
8 , 2  E-1.8 
9.9 E-3.8 
1 . 0  E-lr(  
1.1 E-1'7 
1 . 3  E-17 
1 . 7  E-1'7 
1 . 8  d-17 
1.6 ~ - i ~ (  
I.)+ E-17 

2D __- 
3 .0 3-17 
3.0 E-1-7 
3 .o  e-17 
3.3 E-17 
3 .!I E-17 
2 " "  3-17 
2 - 4 F-..L7 
2 . 9  E-17 
3 .6  3-17 

4 .7 3-1'7 
7.0 ~-17 
'7 .8 E-1.7 
8.2 E-17 
8 .6 E-7-7 
8 . 6  E-17 

1.1 . E-1'7 

Experimental  ( 2  - 26 keV) : 
J .  Phys. H 6 ,  2118 (1973) .  

T . J .  Morgizn, J .  Geddes, and H . R .  Gilbody, 

T h e o r e t i c a l  (25 - 100 keV): 
J .  Phys. B 3, 813 (19'70). 

I.M. Cheshi re ,  D.F. Ga l l ahe r ,  ant i  A . J  . Tay lo r ,  

Notes : 

See Notes ( 3 )  and ( 4 )  a t  end of chap te r .  

.- 

A c c u r a q :  

Experimental  d a t a :  Systemaiic  e r r o r  < 50%.  Random e r r o r  < 10%. 
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Cross Sections for g x c i t a t i o n  by Electron Capture f o r  th? React ions 

Cross Sec t ions  fo r  Excited State nR 
( ern2 ) 

7 . 0  K 00 
3.0 E 00 
4.0 E 00 
5 . 0  E 00 
6.0 3 00 
7.0 E 00 
8 . 0  E 00 
9 .0  4 00 
1.0 E 01 
1.5 z 01 
2.0 E 01 
3 .0  Z 01 
4.0 E 01 
5.0 E 01 
6.0 E 01 
7.0 E 01 
8.0 E 01 
9.0 2 01 
1.0 E 02 
1.5 E 02 
2.0 E 02 
3.0 E 02 

2s 

2.1. E-18 
2-9 E-18 
3.7 E-1.8 
h.3 E-13 
5 .0 E-:L~ 
5.5 E-18 
6.1 E-18 
6.7 ~ - 1 8  
'7.4 3-18 
1.2 E-17 
1.7 2-1.7 
2 . o  ~-17 
1.8 E-17 
1.5 E-17 
1.2 E-17 
9.1 E-18 
6.8 E-18 

4.1 E-18 
5,j.t E-18 

1.1 E-18 

1 . 9  E-18 
2.6  13-18 
3.6 ~ - 1 - 8  
5.6 E-1-8 
5.6 E-18 
4.5 13-18 
3.7 E-18 

2.2 E-18 
1.6 E-1.8 
1..2 E-18 
2.7 E-19 
7.7 E-20 
l . 9  E 2 0  

2.8 E-18 

2.5 E-19 
2.8 E-19 

3.8 E-19 
4.3 b!-1.9 
11 .'I E-19 
'7.5 E-19 
1..1 ~ - 1 8  
1.8 E-18 
1..8 E-18 

1.2 E-18 
9.3 2-18 

5.6 E-18 

3 . 3  E-19 

I.,? 13-1-8 

7 . 3  E-1.8 

h . 4  E-1.8 

References : 

H + H2 + I I (2 . s )  + Hz : H.H. IIughes, E.D. Stokes, Song-Sik Choe, a.nd 
T.J. King, Phys .  Rev. A i, 1453 (1971); G. Ryding, A . B .  Wit tkower,  and 
H.B .  Gilbody ~ PTOC. Phys . SOC . , London 89, 547 (1966) ; J. Bayf ie ld ,  
Phys. Rev. 182, 115 (1.969). 

H + HZ --'- H(3s) 3- H2 : H.H. Hughes, C.A.  S t i g e r s ,  S.M. Doughty, E . D .  
S tokes ,  Phys a Rev. A 1, 3.424 (19'10) ; J . C .  Ford a.ml E.W. Thomas ~ Phys. 
Rev. A .- 5 ,  1701. (1372): 
). -t- H c H2 + H(4s) i- H? : H . H .  Hughes, H.R. Dawson, and .B.M. Doughty, 

phys. Kev. 1.6)-~, 166 (1967) . 

i + 

I__ 

c 4- 

___ 

Notes : 

See Notes (6) and ( ' I )  at end o f  chapter .  

-- 

-.- A c c u r x :  

Systematic  error < 50%. Random ei-iw-r 15%. 
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A.2.16 

Cross Sections f o r  E x c i i a i i o n  by Elee'Lron Captul-e for t h e  React'Lons 

3d 3 ?.e _- 

4.0 .r; 00 2.3 E-1'7 
5.0 E 00 2 -6 d - 1 ~  
6.0 3 00 2 " 4 3 -1.7 
' i . 0  E 00 2.3 E-17 
8.0 E 00 2 . 3  E--1'.( 
9 . 0  3 00 2.5 E-17 
1 . 0  E 01~ 2 ."I E-17 1 .2 E-1-8 1-.8 E-18 
1 . 5  E 0 1  2.9 E-27 2 . 1  E-18 1 . 3  E - I . . ~  

3 .0  R 01 1.5 Z-.IT 1. -7 3 -1.8 6.5 E-19 
4 . 0  E 01. 9 .0  .E-l8 9 . 5  2-19 4 . 5  ~ . - . 1 9  

7.0 E 01 11.9 ~ - 1 8  2 . 5  3-19 1 .3 z.--lL3 

1.0 E 02 1..9 7-18 1.3 E-13 5 .0 3-20 

2.0 3 01 2.5 z-1'7 3 . 2  E--L8 9 .7  E-19 

5 . 0  .x 01 6 .o  E-3-8 6 .  o E--1.9 3.0 E-19 
6 . 0  3 01 4.5 13-18 3.5 E-1.9 2 .O E--19 

2.7  E-18 1 .9  z--.1.9 9 . 8  E-20 8 .0  E 01. 
9 . 0  z 01 2 ~ 2 3--J.8 1-,6 E-19 ,2 E-20 

l . 2  E 02 1.7 E-18 
___.~___ .~ ~ . . . - . . ~ - - - - . - - - - - - - - - - - - - - - - ~ - - - - - - - - ~ ~ ~ ~ ~ - -  

References : 

H + H2 + H(2p) i- 11% : R.B. Hughes, T.J. King, and Sonq-Sik Choe, 
Phys. Rev. A .- 5 ,  6414 ( J -972) ;  J-,%. R i r e l y  and R . J .  McNeril, Phys. Hev. A >., 
692 (1.97;); L.P. Andreev, V . A .  Ankudinov, and S.V. Bobasiiev, F i f t h  
In t e rna t iona l .  Confemnce on the  Physics  or L1ec:i;ronic & Atomic C o l l i s i o n s  : 
Abs'iyac-i; o f  Papers , p .  309, P u b l i s h i n g  k u s e  Naiika, Leningyad USGW (1.967) . 
H' + H2 + H(3p) + HZ : 
F i f t h  In'Lri.nationa1. Confcl-ence on t h e  Physics  of  El.ectron5.c & Atomic 
C o l l i s i o n s  : 
USSR ( 1 9 6 7 ) ;  R . H .  Hughes, C . A .  S t i g e r s ,  A.M. Doughty, and E . i l .  Stokes, 
Phys. Rev. A 1; 1h24 (1970). 

H +- H2 -f H(3d) + H2 : R . H .  Hu-ghes, C . A .  S t ige i - s ,  B.M. Doughty, and 
E . D .  S t o k e s ,  Phys. Rev. A 1, 14214 (1970). 

.__I ..__..___._ 

+- +- 

+ 
El.P. Andreev, V . A .  Ankudinov, and S . V .  Fiobashev, 

Abs t rac t  of Papers, p .309, Pi.ibl.ishirig House Nauka, I,eningi-.ad, 

- 
-t i- 

- 

Notes : 

Sce Note ( 5 )  a t  end of  chapter .  

Accuracy : 

Systematic  error < 502. Random error < 15%. 

-.-.I_____ 



A. 2 .1.7 

.... 

2 5 5 5 2 10' 
ENERGY (keV) 

'4 - 5594 

. . .- . . . . . . . . . . . . . . 



A.2.18 

E x c i t a t i o n  Cross  Sec t ions  f o r  the Reactions 

2s _- ?I!! 32 

4.0 E 30 7 .0 E-3.8 
5.0 E 00 1.3 E-18 9 . 3  E-18 

7.0 .E 30 3.5 z-18 1 . 8  E-17 
6.0 x 00 2 ~ 6 E--1.8 1 -4 s--1.7 

8.0 E 00 4 .I. L l . 8  2"2 E-17 
1.0 E 01 '1.7 3-18 2.8 3-17 

2.0 fi 01 6 . b  3-18 3 .D 3-i.i 
1.5 E 01 5 .8 E.48 3.2 E-1.7 

3.0  E 31 '7 .2 E-18 2-5 E-17 
4.0 :d 01 2 .I E-17 
5 . 0  E 0 1  1 . 8  E-17 
6 .0  E 01 1 . 6  E-U 
'7 . 0 z 01 l . 5  3-1.7 
8.0 F: 01 1.4 E-l'T 
1.0 E 02 1 .2 E-l7 
__ ...... ..... _____. .___ ..... ______ ...... ___.-.__ ~- .~ .  . ..___.. - . ~ _ _ _ _  .___..__ _____  

2 . 0  e.-18 
2 . h  x-18 
1 . 2  E-18 

References : _______I_.__ 

-t f 
H + H2 + H f H + H(2s): J.X. B i r e l y  and K . J .  MeXeal, Phys. Rer. A - 5 ,  
692 (1972); E.P. Atidreev, V.A. Ankudinov, and S . V .  Robashev, Fifth 
i n t e r n a t i o n a l  Coiirercnce on thc Physics  o f  %lectronic R. A't,oinic C o l l i s i o n s  : 
A b s  Lract of Papers, p .  309, Pub1 i s h i n g  House Nauks, Leningrad, USSR (196 ( )  . 
i- 4- II +- H ?  + H f 11 i- H(2p) : J.3. Hxrcly,  R . J .  McNeal, Phys. Rev- A 5-, 

692 ( 1 9 7 2 ) ;  R.H. Hughes, 'T.J. King, and Song-Sxk Choe, Phys. Rev. A 2, 
644 ( 1 9 7 2 ) .  

+ I- 
IJI I- H2 + H f H f H ( 3 p ) :  E.P. Andrcev, V.A.  Ankudinov, and S . V .  Bobashev, 
F i r t h  T n t e r n a t i o n a l  C o n f e r ~ n c c  on t h e  Physics of El - c t ron fc  & Atomic 
CoJ 1 i s i o m  : 
USSR (1967). 

Abstyact of P a p e r s ,  9.309, Publ i sh ing  ~ I O U S ?  Nauka, Leningrad,  

See Notes (8), (9) , and (10) a t  end of chapter. 

Systenlatic e r r o r  
H(3p). Random e r r o r  < 1 0 % .  

< 50% for H(2s) and H ( 2 p ) ;  s y s t e m a i i c  e r ra r  < 20% for 
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ENERGY ( keV) 



References : ~ - .  . . . . . - 

J . T , .  ECiwai-ds, and 3 .W. ‘Thornas, ?nys.  Rev. 165, 16 (1968) ; R . H .  Hughcs, 
S. Lin, an2 L.TJ. I I a t f j e l d ,  Phys. Scv. I_.. 130, 731.8 (1963) (norrnal.ized to 
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Cross S e c t i o n s  Tor  Zmission of the 1606 8 a n d  4180 8 

1-12 Hand5 by H impact f 

E:mi ssioii  c-ross S e c t i o n  
( Crn2 1 

2.0 E 01 
3.0 3 01 

5.0 E 01 

8.0 3 01 
1 . 0  E 02 
1..5 3 02 
2.0 7: 02 
3.0 E 02 
4.0 E 02 
5.0 E 02 

8.0 E O? 
9.0 l2 02 

4.0 r: 01 

6.0 x 01 

6.0 E o? 

3.3 E--18 
l t .5 x-18 
5 .O d-18 
5.2 3-18 
5.2 7-18 

4.7 E-18 
5.0 E-18 

8.0 E-221. 

4 .3 E.-21. 
3.2 E-21 
2 . 5  E-21  
2.1 E-21 
1.6 E.--:?]. 
1.4 E-21 

6.3 z-21 

p .c. eiei-ences ; 

1.606 8 B a n d :  

-. . ... 

D . A .  Dahlbei-g, D.K. Anderson, and i . E o  Day'ion, Phys. Rev. 
iyo, 127 (1968). 

4180 2 Bmd: J . L .  Edwards, and E.W. Thomas, Phys.  Hev. 165, 16 (1968). 

Notes  : 

See  Notes (11) and ( 1 2 )  a t  end o f  c h a p t e r .  

Accui-acy : 

Systenati c ei-i"or < 50% for 1606 2 band; systcnatic el-ror < 20% fof it180 8 
band.  Random error  < 1 0 % .  
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A. 2.24 

3xci t ,a , t ion Cross S e c t i o n s  f ~ ~ t .  Heaction5 

H- + He + H(2s,2p) t- He f e 

___ - - -. ___ __ ____ .............. - . . . . .  ............. - .~ .................. .- ............................... __ ..... ~~ 

Cross Sect:ons lor Stat? nR 
( Crn2 } 

2s 2 LI 

> . 3  i ,  30 
6.0 3 03 
7.0 *:  00 
8.0 E 00 
9.0 r; 00 
1.0 E 01 
1.5 bl 01 
2.3 E 01 
2 - 5  T 01 
3.0 E 01 
3.5 E 01 
3.8 h 01 

........ ...... ............................ ........................... . ~. -, ............. - ~- ~ -- ~- ~- - 

Refei'encr : __-. -_._I.._I__..- 

Xotes : 

See Notes (27), (28), an& (29) at end OF chapter. 

_1-- - 

Accuracy : 
_l___- 
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Exci- ta t ion Cross Sec t ions  foi- Lhe Reacl;ions 

1-1 i. Ye -+ H(2s ,3s32p,3p ,3d)  + H e  

En e i- gy 
(keV) 

Cross Sec t ions  f o r  S t a i e  nP 
( em2 1 

1 .0 3 01 
1.5 E 01 
2,0 E 01 
3.0 E 01 
3. 5 4 01 

1.0 z 00 
2.0 E 00 
5.0 E 00 
1.0 E 00 
1.0 F: 01 
2.0 E c1 
5.0 E 01 
7 . 0  Y 01 
1 . 0 E 02 
2.0 E 02 
5.0 E 02 
7.0 E 02 
1.0 d 03 

3s 

1 . 3  x-18 
1.0 E-1.8 
9.2 E-19 
7 .8  .:-1.g 
8 .2  2-19 

2s 

5.2 E-18 
7. 3 E--J.8 
7 : T  3-18 
7.0 E:.-1.8 
5.5 E-18 
4 . 4 E .--.1.8 
3.5 3-18 
2.8  E-1-8 
2 . 1  3-18 
1.b E-18 
7 .h E-1-9 
5 .2  e-19 
3 .7  E--19 

3p 3d 

1.2 S-18 
1 . 0  E-18 8 .8  E - 1 9  

7 .8  3-19 .2 E..J9 
8.0 E-19 4.6 g-19 

9.7 3-19 5.5 E-19 

5 . 4  3-17 
4.6  E - I T  
3 .3  e:-!_? 
2 . 6  E-17 
2 "0 E-JJ 
1 . 0  E-1.7 
b.8 E - L ~  
4 . 5  E-1.8 
4.3 E-18 
3 .2  E-1.8 
2-1 e-18 
1 . 7  ~ - i . 8  
1 . 3  E-18 

References:  
-._1__11__.._ 

H -t- He -+ I i (2s)  + He: 
Confel-ence on the Phys ics  o f  E lec t ron ic  ,$ Atonic Co l I . i s ions :  Abs t r ac t  
of  Papers p.166, Beograde I n s t i t ? l t e  of Phys ics  Pub l i sh ing  Co. Reogyail 
(19 'T3) .  
H. TJevy, Phys.  Rev. 1.85, '7 (1969). 

E.W. Thomas ani% T, Sauers, Xighth in tpma t iona ] .  

R.2. Hiughes and Song-Si.k Choe Phys, Rev. A 5 ,  1758 (1972). 
I__ 

3 + He -* H(3s,3p,3d) 3- He: 
Phys, Rev. A 2, 21.03 (1.9'72) , 

R . H .  Hughes, I1.hI. Petefish, and H .  K i s r l e r ,  

fi + He + H(2p) + He: R.H. Hughes and Song-Sik Chm, L'hys. Hev. A 5 ,  656 
( 1 9 J 2 ) .  
H. L e v y ,  Phys. Rev. - 185, '[ (1969). 

_I 

J.H, BirelLy mid W.J. McNeal, Phys. Rev. A 5, 25'( (1972). 

NoLes : 

See Notes ( 2 5 )  and (26) at end o f  chapter. 

Accuracy : 

Systemat ic  e r r o r  < 50%. 

-....____ 

Random 21"ror < 10%. 
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A.2.28 

2.5 k - 0 1  
3 . 0  3-01 
5 .O 3-01  
7 . 0  4: -01 
1 , 0  21 33 
1 . 5  E 00 
2 . 0  z 00 
3 . 0  E 00 
4 . 0  b, 00  
5 . 0  E 00 
6.0 3 00 
7 . 0  3 03 
8 . 0  F 03 
9 . 0  5 03 
1.0 3 01 
l.> 5 31 
2 , 0  ii: 01 
3 . 0  E 01 
4 . 0  3 0 1  
5.0 E 0 1  
6 . 0  P 0 1  
1.0 9: 0 1  
8 . 0  d 01 
9 . 0  E 01 
1 . 0  3 0? 
1 . 5  t: 02 
2 . 3  r, 32 
3 . 0  E 02 

1.3 E-19 
1.9 2-1.:‘ 
1~.9 ?:-I? 
7..6 2-19 
1-.2 2-19 
1.0 E-1? 
8 . 0  E- -20  
6 . 5  E-29 
5 .? T-7- 
.2 E.-?O 

3 .7 3-20 

References : 

HI + He + 3 ( 2 : ) )  -+ He : 
Proceedings of t he  ‘Third Ilnt . i iat ioiw,l  Conferencn on ihe Physics of 
Electronic  and A.Lto1iii-c Coll-i .sions : AbsLract of Papers, 7.618, 3or‘i:? 
d o l l a n d  Publ i  shilig Co. , Amst,,o-cLam (1963 ) . 
3 d- 9 e  -f H(3p)  !- H e  : R . H .  Eughes, C . A .  S t i g z r s ,  3.V. 3o:ig?hty, an6 
Z-D. Stoh.es, Phys. R e v .  A l, l-h2)! ( 1 9 7 0 )  ; J.C. Yo1.d E . V .  'Thorias 
Phys. Rev. A 5_, 16914 (1972) (no rma l - i zed  to vork  of Hughes et a1 . ) .  

.. t -t 
A .t He -r H( 3d)  . I -  He : H . H .  Hughes, C . A .  S t i  qers, 5.M. DoiughLy-, and 
E.D. Stokes, Phys. Rev. A .- 1, 1.4211 (1970). 

+ 
D. PretzFT, R. V E ~  Zyl, an.d R. Gebsll-e, 

!- -t 

Notes : 
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A.2.30 

- e,,xci.tation Cross S e c t j  ons by Zlec t ron  Captiwe for t h e  React ions 

+ I 

H a  + H e  + H(2s,3s:)ks) + 11,- 

- ~ _ _ _  .. ._._ .~ ...... ~ 
-. -. -. . . ... . . ~.~ _______ -. -. . . . . . . .. . . . . . __ . . . . . . -__~ __ . -- 

Energy Cross S e c t i o n s  for Exci ted  State nR 
( cm2 ) 

11.0 E 00 
5.0 E 00 
6.0  E 00 
7 . 0  3 00 
8 . 0  r: 00 
9.0 E 00 
1 . 0  E 3 1  
1.5 E 01 
2-0 E 01. 
3 .0  E 0 1  

5.0 E 01 
6 .0  E 01 
'(.O E 01 
8.0 E 01 
9.0 E 01 
I. ~ 0 F: 02 
1.5 3 02 
2 - 0  F: 02 
3 .0  E 02 
4 . 0  E 02 
5.0 E 02 

7 .0  E 02 

4.0 3 01 

6.0 d 02 

2s  - 
6.5 E-20 

2'.7 E-19 
11.2 E-19 
5.4 E-IS) 

6.'( 3-19 
9.2 E-19 
1 . 6  E-18 
4.7 E--1.8 
- / . b  x-18 
8.0 E..-18 
7.0 E-18 
6 . o ~ 4 8  
4.8 2-18 
4.0 E--1.8 
3.2 E-18 
1.3 E-11-3 
5.6 E-19 

1 . 5  E--1.9 

6.1- E--1.9 

1 . 6  E-19 

?,8 3-19 
2-3 E-13 

3.3 E-19 
3.7 E-19 

.0 T-19 
6.2 E-19 
8.0 E-19 

1.8 E-18 
1.7 2-18 
I .4 e-18 
1.2 E-18 
1 . 7  E-18 

8.0 K-19 
3.8 E-19 
1 . 6  s-19 
3.5 E-20 
1 . 0  E-20 
5 ,)I E 2 7  
3 . o  E-21 
1 . 9  z-21 

1 . 4  E-18 

9.0 E-19 

4.1 E-20 
5.0 3-70 
6 . 1  E-20 
7.2 E-20 
8.3 H-20 
9.3 "3-20 
1.4 d-19 
2,0 E.-19  
3 .)a E-19 
5.6 3-19 
-( .0 E-19 
6.8  E.--1 9 
6.1 E-19 
5.0 7-19 
3.9 E-19 
3 .0  E A 9  

References : 

I i  + H e  -f H(2s)  3 He : R.H. Hughes, F:,13. S tokes ,  Song-Si.k Choe, and. 
1x1'. J- . King, Phys. Rev. A 11, 11153 (1971) ;  R.L. F i t z w i l s o n  and E*\(. Thomas, 
Phys. Xev. A 3, 1-30? (19Tl.) (no rma l i zed  t o  Hughes e t  al.) ; G .  Ryding, 
A d .  Wit tkower,  and H .B.  Gilbofiy, P ~ o c .  Phys. Soc. , London - 89,  5h-i (1966) .  

H 1- He + H(3s) -e He : H . H .  Hughes, C . A .  S t i q e r s ,  B.M. Iloirghty, and 
E.D. Stokes, Phys. Rev. A 2, 1424 (1970); R . J .  Conratis, T.W. NJichols, 
J.C. Ford ,  and E.W. Tholiias, Phys. Rev. -> 7 1928 (19'13). 

IrI .i- He + H ( 4 s )  + He : R . H .  1-Iughes, H.H. Dawson, and B.M. Doaghty, 
Phys. Rev. l&, 166 (1967). 

f + 

i- f 

+ -I- 

Accuracy : 

Systematic  e r r o r  < 50%" Random e r r o r  < 15%, 
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E x c i t a t i o n  Ci-oss S e c t i o n s  .tcx t h e  React ions 

i- 1 1 1  HC + He + H +- He (4 s ,  )-I. p ,  14 D) 

Energy 
(keV) 

Cross Sec t ions  ?or Excited Sta, tes  nR 
( C d  ) 

4% 

1.0 l3 00 
2 .0  E 00 
3 .0  & 00 
4.0 l3 00 
> . o  E 00 
7.0 E 00 
1.0 E 01 
2-0 E 01 
3.0 E 01 
4.0 E 01 
5.0 E 01 
‘ f . 0  E 01 
1 .0  E 02 
2 .0  E 02 
3.0 E 02 
4 . 0  S 02 
5.0 E 02 
7 .0  E 02 
1 . 0  r: 03 

2.8 E-22 
1 . 2  E-21 
2.0 E-21 
2.2 E-21- 
4.6 ~1-21 

8.5 E-20 
1.6  E-19 
4.1 E-1.9 
4 .8  E-19 
4.8 73-1-52 
4, h E-19 

3.9 E-20 

3.4 E:-19 
1.8 ~-19 
1.2 E-19 
8.8 E-20 
7.0 E-20 
5.0  E-20 
3.7 E-120 

1 . 2  e-19 
3.2 E-19 
3.7 g-19 
4.5 E-19 
5 .8  E-19 
8.0 E - l?  
3 .6  ~ - 1 9  
9.2 E 4 9  
f . 3  d-19 
6.1 E-19 
>.3 E-19 
’1.3 E-19 
3 .3  E-19 

4 l-u -__- 

2,3 E-21 
3.6 E-21 
6 ~ 9 :#-a 
1.8 E-20 
7.5 E-20 
1,4 E-19 
1,3 E.--19 
1,2 E-19 
1 ~ 4 :E-19 
1.5 E-1.9 
1.5 E-1.9 
1.3 E-19 
6,6 E-20 
24.3  E-20 
3 .1  E-20 
2 , 5  E-20 
1,8 E:-20 
1,3 E-20 

References:  

J. V a n  den BOS, G. J.  Winter ,  and F. J. de Hees, Physicn 40, 357 (1.968); 
A. Sc’narmann and K.  II.  S c h a r t n e r ,  Z. Physik ~ 228, 254 (19637 ( t h e s e  d a t a  
were publ i shed  as re la t ive  cross s e c t i a n s  only;  shown here no-mal-i.zed t o  
t h e  works of Vac de Bos , el; a l .  a t  140 keV) . -- 
Notes : 

See Notes (41) , (112) and (43) at end of chapter. 

Accuracy: Systematic  e r r o r  < 3%. Random e r r o r  < 5%. 
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ORNL-DWG 74-5607 
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L? 

v) 40-20 

I- 
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v) 
v) 
0 
LT 
0 5  

2 

10-2’ 

5 

2 

10-22 
1 IO0 2 5 1 0’ 2 5 

ENERGY (keV) 
102 2 5 103 



Cross  S e c t i o n s  f o r  Formation of H Atoms i n  I-Iigh Exci ted  S ta t e s  

Impact on 'i2, H e ,  :J 
i- 

2' O2 by 3 

H2 

1 . 5 E 01 
2.0 E 01 
3.0 E: 03. 
4.0 E 01 
5.0 E 01 
6.0 3 01 
'I . 0 E JI- 
8.0 3 01 
1.0 3 02 
1.5 F 02 
1.8 E 02 

2-11 E-16 
3.3 E-16 
3.0 E-16 
2 .I !d-l6 
1.4 E-16 
9.3 &-1( 
6.7 E-17 
3.5 E-17 
9 . 3 E..-', 8 
4.0 E-18 

5 .O E-1J 
8.3 E--17 
1.2 E-16 
1 .i 3-16 
8.9 2-i-i 
7.3 E.-17 
5.7 
4 I 6 z..-I.7 
2.9 E-17 

N 
2 

3.2 3-1.6 
3.9 E-1-6 
3 .9 E-1.4 
3.6 E-1.6 
3.1 E-16 
2.4 E-1-6 
2.0 E-:!6 
1.3 E-16 
6. o ~ - 1 . r  

4.2 E-16 
5 .o 3-16 
4.5 3-16 
3 . -I z .-16 
3 .i 3-16 
2.6 E--16 
2.3 2-16 
1.7 z-16 
9 .7 2-1.r 

......... ____ . -- - .... ~ _____..._ I._- ...................... ..... ____ ___ .____ 

References : 

11' + ( H 2 , I i e )  + H ( n )  +- (H2 ,He ) :  
and N.V. Fedorenko, Soviel; Phys-JETP L e t t .  - 2 

€1 3- (N2,02) -f- E ( n )  + (N2 ,Oz ) :  2 .  Le  D o u c ~ ~ ,  a n d  J. Gilidini ,  L e  j o i i rna l  
de Phys. - 31, 965 (1-9'70). 

~ _ _ .  ........... 

+ +  
R.N. I I_ ' l . in ,  V . A .  O p a r i n ,  E.S. Soiov'ev, 

1-97 (1965). 
+ f +  

Notes:  -- 

See Notes (18)  and (19) a t  end of chap te r .  

Accuracy : 



A.2.35 

ORNL-DWG 74-5605 

100 2 5 101 2 5 fQ2 2 
ENERGY (keV) 



~.2.36 

Excitation Cross Sectloas Pol. the Reactions 

__ .. ____.__ ..................... .-I_- __... ~ 

Cross Sections for Formation H(2s) 
( Crn2 ) 

1 .0 z 00 

2 , O  E 00 
3.0 E 00 
4.0 Z 00 
5.0 3 00 
6.0 E 00 
8.0 E 00 
1.-0 i3 01 
1.5 E 01 
? m o  E 01 
3.0 E 01 
4.0 E 01 
5.0 E 01 
6-0 E 01 
8.0 E 01 
1.0 F, 02 

1.5 E 00 

9.0 Z-18 
1.1. E-17 
1.11 E-17 
1.5 E-1'7 
1.9 E-17 
z e 6  d-lC( 

2.6 E-:!'r 
2-3 E-1.7 
2 -0 E-17 
l . l +  E-17 
9.2 T-18 

2 - 9  E-17 

1. -1. E-1'7 
1.3 €3-1'7 
1.*7 ~-17 
2.1 E-17 
2 "1- E-1.7 
2.1- E-17 
2*0 E-17 
1.9 E-17 
1.7 
1.6 E-17 
1.2 z-17 
8.9 E-18 

2 co 

2.9 E-17 
4 . 5 z-l'r 
14.9 z-17 
5 .2 E-IJ 
5 .6  E-1.7 
5.8 E-1.7 
5.9 E-17 
5 .9  3-1'7 
5.6 5-17 
5.13 E-l'T 
4.0 E.-I7 
3 .3  E-l ' r  

..... References : .̂ -- 
- E - +  

H' $. (N2,02) + H(2s) + (N2 .Oz ) :  3.11. Hughes, E.D. Stokes, Song-Sik Choe, 
53 (1971); R.JJ. Fitzwilson, and E.W. 
1-1 (numia l ized  to ~ughes et al.). 

and T.J.-King, Phys. Rev. A - 4 ,  1 
'Tflorrras Phys. Rev. A - 3 ,  1305-(19 

+ -I- H + ('202) + H(2s) + CO2 : J . H .  
___. 56, 2189 (1972) .  

Notes : 

See Note (1.7) a t  end of  chap te r .  

Accuracy : 

B i r e l y  and R . J .  McNeal, 5. Chem. Phys. 

Systematirc error < 50%. R a n d o m  e r ror  < 10%. 
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E x c i i a i i o n  Cross Sec t ions  f o r  t h e  React ions 

-- -___-. . - 
~ . . -~ ..................... _- - - ....... - ..................... ~ ..... ~ . -  .... .. 

Ene;tz.g,y Cross  Sec t ions  for Formation Y( 3 s )  
(keV) ( cm2 ) 

5.0 6 30 
6.0 E 00 
8 .0  E 00 
1 . 0  E 01 
1.5 rl 01 
2.0 E 01 
3.0 ., 01 
11.0 E 01 
5.0 E 01 
6.0 E 07. 
8.0 E 01 
1 .0 z 02 
2.0 E n3 
3.0 E: 03 
4.0 E 02 
5.0 r? 02 
6.0 Z 07 

1.5 E 02 

3 2 

3.2 %:i8 
3.5 d-18 
11.0 E-1-8 
4.8 ~:-.1.8 
7.0 E-1.8 
9.2 E-18 
9 .5  E-18 

6 .5  E--1.8 
5 . h  E-18 

^ 

7 .8  z-18 

4 . o  E.-I 8 
3.1. E-18 
1.4 e..-:1.8 
6.0 E-19 
1 . 4  E-19 
14.8 E-20 
2 .0 E..-20 
1.0 E-20 

0 I_̂ 2 3 
3.7  E-18 
4 .0  E-18 

6 .0  E-18 
7.9 E - i 8  

)I .3 z--18 

8 . 1  E-18 
8 .8  E-18 
7 .6  E-18 
5.7 E-18 
4 . b  d-18 
3.4 E-j.8 5 . 1  e-:18 
3.1. E-18 k . 0  E-18 
1 . 7  E-18 2.1. z-18 
, ( .  8 E-19 1.0 E-18 - 

References : 

H + (N2,02) j- H(3s)  + (Nz ,Oz 1 :  R.H. Hughes, H.R. Dawson, B.M. Doughty, 
D . B .  Kay, and C.A. S t i g e r s ,  Phys,  Hev. 146, 53 (1966); J . C .  Ford and E.W. 
'Thomas ~ Phys. Rev. A - 5 ,  1701 (1972). 

,+ 1- 
H + ( C O 2 )  -f H(3s) f COS : 

_ _ _ _ _ ~ - ~  
4- + +  

J.C. Ford and E.W. Thomas, Phys. Rev. A z-, 
1'701. (1.372) . 
Noies : 

See xote  (1.7) a t  en3 of chap te r .  

---- 

Ac cur a 2s;: 
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E x c i t a t i o n  Cross Sections f o r  the HeacLions 

+ .f- 
1-I -t Ar + H(2s93s) + Ai- 

Energy 
(keV ) 

Cross Sectioris f o r  S t a t e  n R  
( em2 ) 

4.0 E 00 
5.0 E 00 
6.0 E 00 
8.0 E 00 
1 . 0  E 0 1  
1.5 E 01 
2.0 x 01 
3.0 z r ) L  
1t.O E 01 
5.0 E o L  
6.0 E 01 
8.0 b: oi 
1.0 E 02 
1.5 E 02 
2.0 3 02 
3.0 kC 02 
4.0 E 02 
5.0 E 02 
6.0 E 02 
7.0 d 02 

2s 
14 .8-~-1.8 
3.7 h L 1 8  
4 .3  E-18 
6.9 E-18 
1*0 E-37 
2 . 0  P l - l C (  
2.3 E-17 
2,3 E-11 
2.3 E-17 
2,l .  GICT 
1.9 E-17 
1.l+ H-17 
9.6 fi--18 

- 

3s 
3.3E'-18 
3.7 2-18 
3.6 E-18 
3.5 E-18 
4.0 E-1.8 
5.7 E-18 
7.4 d-18 
7.7 E-18 
6.4 E-18 
5.2 E-I18 
4.5 E-18 
3.5 E-18 
?.<r x-18 
1,O E-18 
3 . 5  E-19 
6.0 E-20 
1 . 7  E-20 
6.0 E-21 
5 . 1  x-21- 
)+.2 E-21 

References: 

+ + H -t- Ar -* IS(3s) + Ar : H.H. Hughes, E.D. Stokes ,  Song-Sik Choe, and 
T . J .  King Phys. Rev. A 4, 1453 (l9'.(l.); H.L, F i t z w i l s o n  and E.W. Thomas, 
Phys. Rev. A 3 ,  1305 (1971) [normal.ized 'io Hughes e t  a l . ] .  

!-I 
and C.A. S t i g e r s ,  Phys. Rev. -I.- 146, '53 (1966); R.J. Conrads, T,W. N i c h o l . ~ ,  
J.C. Fol-d, and E.W. Thomas, Phys. Rev. A - 7,  1928 (19'73). 

+ 
-t A r  --f- II(3s) -t- AT": R.W. Hughes, H,R. Dawson, B.M. Doughty, D , R .  Kay, 

Notes : 

See Notes ( 4 5 )  aid (46 )  a t  end of chapter .  

_I..... 
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A.2.42 

Exci l , a t i m  Cross Sections for t h e  Rear t , ions  

1- 
I? + ( C s , K )  -f H(2s) C ( C s ' - > K + )  

......... ......... .......... _______ ......... __ . ...... . .. .......... ___ ______ -. -. ____ ~ ~ - - 

X ncr gy Cross Sections for ForxiaLion 2s 
(keV) ( cm2 

2 . 0 b: (10 
3.0 E 110 
11.0 E 00 
5.0 E 00 
6.0 ld 00 
<(,O E 00 
8 . 0  E 00 
9 . 0  E 00 
l . 0  E 01 
7..5 x 01 
2.0 E 01 
3.0 d 01 

7.7 E-16 
3.3 H-1-6 
? .3 E-16 
1.5 E-16 

2 . 3  E-14 
2 . 1  E - 4 ) ;  
1-.6 z-14 
1.1 E-1.4 
6.6 E-15 
4.5 E--.!.5 

1.8 ~...!.5 
1..1. E-15 
3 .  3 

2 . 8  E-15 

Ref el-eiices : ____. ....... .- .- .- 

HC + K + H(2s) 1- K': 
4811 (196'0 . 

I.A. Sellin arid L .  Granoff, Phys. Le t t e r s  ?sU, -- 

i- t 
H + Cs + H(2s)  1- C s  : J3.L. Donnally,  T .  CLapp, W. Sawyer, and 
M. Schultz, Phys. Rev. T,ettei-s 12, - 502 (196h); 1 . A .  Sellln and L. G r a n o f f ,  
Piiys. TJetters - 25A, 4 8 J ~  (1967) . 
Notes : 

See Notes (45) (11-6) and (47 )  a t  end. o f  c h a p t e r .  
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Cross  Sect;iotrs for FormaLi-on of il Atoms in Hiqh Excited States  

by H+ Jmpact on Na, Mg, K, and Cs 

........ __ .... . -~ ___ .. ....................... ...... - - 
3 Energy Coefficients a(n) x n (see note 20) 

(keV) ( Ctli2 ) 

1.0 E 01 
1.5 E 01 
7 - 0  E 01 
3.0 E 01 
4.0 E 01 
j.0 d 01 

8.0 z 01 
6.0 E 01 

1.0 E 02 
1.5 02 
1.8 E 02 

7.3 3-15 
h.0 E-15 
2.0 E-15 
4.3 E-16 
7.7 E-1-j 
4.0 E-17 
3.2 E-17 
2.9 3-17 

2.1 E-17 
2.8 E - l r  

l . 7  E-17 

2 * b  E-15 
3.3 E-15 
2,4 E-15 
8.5 E-16 
2.6 E-1.6 
1 . o  E-16 
3.6 ~ - 1 7  
1.8 E-l 'f  

9.8 E-18 
8.4 E-18 

1.3 E-1.7 

K - 

1 .o E..-I 4 
5.1 z-15 
1.5 E--1.5 
3.2 E-16 
2.8 E-16 
2.14 2-16 
2.0 E-16 
1.4 E-lh 
1.0 E-1.6 
5 . o  E-l'-[ 
3.2 E-17 

CS 

I ~ 5 3-1-)4 
6.4 z-I . .~  

7.0 K-1.6 
5.1 E-16 
4.8 %IC; 
4.5 E-16 
3.4 e--1.6 
2.2 E-16 
7.8 E--17 
1~ .O E-17 

2-2 E-15 

References : 

H + (Na, Mg, K, C s )  + ?I(.) 1- (Na , Mg , K , Cs ) :  R.X. Il'lin, V . A .  
Oparin , E. S . Solov ev , and N . V. Fedorenko, Soviet Piiys-JETP Lett. 2, ___ 

4- -!- .+- 5 + 

1.9'1 ( 1965) . 
No-tcs : 

See Notes (1.9), (201, and (21) at end of chapt,er. 

Accuracy - : 

Systematic error < 10%. Handom error < 10%. 
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A. 2.116 

ExciLati-on Cross S e c t i o n s  f o r  the Reacti ons 

+ 
2 

' .i- H -p- H(2s,3s ,2p,3p,3d)  -P H -E Ii  H2 2 
.- - ~. .  .~ ~~ .. .....-..... .........., ....-.. ____. . 

Energy Cross S e c i i o n s  for S t a t e  11% 
(keV) ( cn2 ) 

2s 2p 3P 

1- .2 E 01. 
1.14 E 01 
3 .6 E 01. 
1.8  E 01 
2 . 0  E 01 
2.2 E 01 
2.4 9 (31 
2 , 6  E 01 
2.8 E 01- 

l.70 E-17 
1-85 3-1:~ 
1.95 E--17 
2 ~ 05 .E-J.'T 
2.15 E-17 
2-35 E-17 
2.55 E-17 
2 .60 E-I-'T 
2.60 E-17 

4.40 E-17 

4.60 e-1.7 
4 I 85 E-].'( 
5 . 1 5  E-1'( 
5 .60 E--J.7 
5.70 E-l '? 
5.40 E-17 
4 .Go E.-I..-( 

4 ~ 40 3 --l-'-( 
3.00 E-18 
3.05 E-18 
3.25 E-18 
3.30 2-18 
3.145 E-18 
3.55 E-18 
3.55 E-18 
3.1!0 E-1.8 
3.15 E-18 

Cross Sec t ions  foi- Sta te  n!?, 
( em2 ) 

3s 3d 

1.0 E 02 
1.5 E 02 
2.0 E 02 
3.0 E: 02 
4.0 z 02 
5.0 E 02 
6 .0  E 02 
7.0 E 02 

3.60 e.-18 

2 -43 E..-18 
2 . 1 0  E-18 

1.~70 H-18 

2.85 H-18 

2 00 F;-J 8 
1.97 z-18 

1 .40  E--18 

5.60 E-18 
3.60 e-18 

3.50 Li:-18 
2.51) E-18 
2 " 5 0  E-78 
2.23 E-18 
2.00 E-LR 

2.85 E-18 

Xe feren ce s : 

H? 
S.V. Bobas i iw,  Fi f t h  International Conference on the Physics of Electron: c 
& Atomic Collisions : 
L m i n g r a d  IJSSR ( 1967) . 

~ ... 
9 

+ B:, + I€(2sy2p,3p)  + Ii' + W2. ESP. Rndreev, V.A. Ankudinuv, etnd 

Abs t r a c t  of P a p r s  , p. 309, Pubbishiag House Nauka, 

f R.J. Conrads, T.W. Nichols,  S.C. Ford, 
and Z.W. 'lkomas, Phys. Rev. + H2e7, - 1928 (1973).  
112 -+ I12 f H(3s,?d) I- H" 

.Notes : 

See Notes ( 3 0 )  and (31) at end of chxpLer. 
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A.2.48 

E x c i t a t i o n  Cross Sections for the React ions 

le2 2 01 
I.. j E 01 
2-0 E 0 1  
2 , j  I?: 01 
3.0 E 01 
4.0 E 01 
5 .0  E 0 1  
6.0 z 01 
8 . 0  E 01 
1.0 E 02 
1.3 E 02 

4 .O g-18 1 . 4  E-17 1 . 5  E-18 
r(.6 E-18 2.3 E-17 is9 E-18 3.8 E-18 
6 . 8  E-18 3.0 2-17 2,6 h-18 5.0 E-1 8 
- ( . ) I  13-18 3.9 E-17 2 . 4  E-18 >.9 E-18 
7 .7  z-18 3.6 E-17 2 . 1  E-13 6.3 y-18 

6.4 E-18 
6.0 E-I8  
>.? E-18 
4.6 e--18 
3.8 E-18 
3 . 2  ~-18 

.......... ... ... . -. ........ ............ -~ ....... 

References : 

+ + 
HZ + R2 -+ H2 + H f H(2s,2p93p): E.P. Andreev, V . A .  Ankudinov, and 
S.V. Bobashe-v, F i f t h  I n t e r n a t i o n a l  Conference on t h e  Physics  of Electronic 
& Atomic C o l l i s i o n s  : 
Leningrad, USSR ( 1-967) . 
H2 .t- H2 -+ H2 
Phys. Rev. 131, 2556 (1963) .  

Abs t r ac t  of Papers  p .309, Pub l i sh ing  House Nauka, 

+ $. + H + H(n = 3 -f 2): L.L. Hatfi-eld and H.H. Xughes, 

Notes : 
lil 

See Notes (321, (133), (341, and ( 3 5 )  a t  erid of c h a p t e r .  

Accuracy : 
--__I_ 

Systematic  e r r o r  < 50% f o r  H(2s ,2p,3p) ; sys t ema t i c  e r r o r  < 20% f o r  
H(n = 3 + 2) I Random error < 10%. 
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A.2.50 

E x c i t a t i o n  Cross S e c t i o n s  for t h e  React ions 

+ 
ti 2 i E C  9(2s,3s73p,3d) 

....... ~. ........ ___._ .... ......... ___ ..... ......... __ ~ ....... ~ __ ___ ....... ~. p P m  

En e rgy Cross S e c t i o n s  f o r  S t a t e  nR 
(keV) ( C d  ) 

2s 3s 2P 3a 
.......... -..__I I____ ~. -- ~ - 

5 .o  d-0-L 
7.0 T - O ~  
7 . 0  3 00 
1.5 E 00 
2 - 0  E 00 
4.0 E 00 
6 . 0  E 00 
8 . 0  E 03 
1 . 0  Z 01 
1.5 d 01 
2.0 E 01 
'1.0 E 01  
6 .0  E 01 
8.0 E 01 
1 . 0  E 02 
1 - 5  !i 02 
2.0 E 02 
4.0 E 02 
6 . 0  T 02 
7.0 E 02 

6 . o  E-18 
6.0 r-18 
5.9  E-18 
5.8 E-18 
> . a  E-18 
5.5 A'-18 
5 .2  E-18 

2.1 E-18 
2*2 E-1.8 
2-1 E-18 
2,o e-18 
1.8 e-18 

i .i E-18 
1 -6 E-18 

9 .O E-J.9 
8.2 E-19 

2 . 6  E . . - L ~  

3.4 3-17 

11 . 3 E. - l r (  
4 .0 E-l'i  
3.8 ~..-1'-r 
3.6 z-iy 
3.2 E-7.7 
2 . 9  13-17 

3.0 E-1.7 

4.0 g-1-7 
4 .3 E--l '( 

2.6 E-18 
2.4 d-18 
2 . 3  E-18 
2.0 E-18 
1.14 E.-18 
i . . i  h'-18 
1.0 E-18 

. .- .... .... . .. -___ ..... ____ ___ ...... ._.___ __." __. .___.. ____ .... -...___._.-I_ .... 

References : 
c t 

HL f He + d(25) + H e  i- H : D .  Jaecks  snd E. Tynan, Fourth I n t e r n a t i o n a l  
Conference on t h e  Phys ics  o f  E l e c t r o n i c  % Atomic C o J l i s i o n s :  Abstract  of 
Papers ,  u.315, Science Bookcraf ie rs  New York (1965). 

t -I 
H2 + He -* H(3s) 3- He +- H : H . H .  Hughes, D.B. Kay, C.A. S t i g e r s ,  and 
Z .I). Stoke-, , Phys ~ Rev. I6J, ?6 (1968) ; J . C .  Ford, E.M. McCoy, H. Conrads , 
and E.W. 'Thomas, Phys. Rev. A $, 1705 (1972). 

f t 
H2 i :Ie +- ?I( 3p)  f ile t- E: : B .  Van Zyl ~ D .  J a e c k s ,  D.  P re t ze l - ,  ani1 
R .  Gebal le ,  Phys Hev. A 136,  1561 (1959). 

a- 4- 
Ii + Iie -3- H(3d) + He + H : S . C .  Foizd, R .  Conrads,  )'.M. McCoy, and 
E.W. Thoinas ~ Phys. Rev. A 2, J-705 (1972) 

Notes:  

See Notes (31) )I ( 3 6 ) ,  and ( 3 7 )  a t  end of  c h a p t e r .  
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A.2.52 

E x c i t a t i o n  Cross Section TOT the  React ion 

f t + He --'- H +- He*(nQ) H2 2 
______... ..._____~-..._I _I__ ......... __ __...___ .... ___._._ 
_I_____ __ ....... ~ ..-. ..... __._ ~ ..... 

Energy Cross Sec-Lions for S t a t e s  nR 
(cm2 1 

._.I. ...-- _______._ 
(keV) 

4% 

1.00 00 
2.00 E 00 
3.00 E 00 

>.00 E 00 
6.00 E 30 
'i.00 !d 00 
8.00 E 00 
9.00 PI 00 
1 . 0 0  E 0 1  
1 .50 E 01 
2.00 E 0 1  
3.00 73 0 1  
11.00 IT 0 1  
5.00 E OJ 
6.00 T3 01 
7.00 E 01 
8.00 E 0 1  
9.00 E 01- 
1 . 0 0  E 02 
1 . 2 0  2 03 
1.50 .tL 02 
2 , O O  E O? 
3.00 d 02 
4.00 E 03 
5.00 F 02 
6.00 E 02 
8.00 E 02 

h.00 E 00 

1 e60 ~ - 2 1  
4.60 E-21 
6.80 E-21. 
6.1.0 E-2.1. 
9.90 E-21 
1 - 2 0  E-20 
1 - 3 5  i3-20 
1.53 E-20 
1,80 z-20 
2 , 3 2  E-20 

1.60  %:-i-g 

3.35 ~-.1.9 

4.85 3-1.9 
5.10 E-19 

5.68 E-1.9 
4.34 z-19 

2.03 E-19 

8.80 &-20 
1.40 E-19 

2.07 Z-19 
2 . '78 E.-19 

4.22 E-19 

5.31 E-19 

3 .00 E-11.9 

1.1~1 E-19 
1.21. 2-19 
1 . 0 2  E-19 
8.10 E-20 

4 lP  - 

1.70 E-20 
2.60 E-20 

6.00 E-20 
7.70 R-20 
3.30 d-20 
1 - 1 0  E-19 
1.59 E-19 
2.29 E-19 

3.70 Z--20 

3.66 E.-19 
4.61 VI-19 
4.92 E-19 
5.12 X-19 
5 -70 &-I-? 
6.35 ~ - 1 9  

6.20 E-19 
(.60 z-19 

6 .38  E-19 

8.02 ~i-19 

4% 
--1_- 

5.00 E-22 
5.90 E-21 
J--21 E-20 
9.60 E-21. 
2.33 E-20 
2.98 E-20 
3.11 E-20 

14.29 E-20 
3.19 E-20 

5.38 E-20 
l e r ( L  E-19 
2 .35  E-19 
4.31 E-1.9 

7.10 2-19 
6.66 E-19 

5.04 E-19 
4.66 E-19 
4.1.9 X-19 
2.93 E-19 
1 .72  E-19 

6.32 E-19 

5.95 E-19 

43P .- 

6.60 E-21 
i .or i  d-20 

4.96 E-20 
5.05 E-2O 
6.47 E-20 
9.118 E-20 
1.1.7 E-19 
I -44 e-19 
1 * J L l  E-19 

5.03 E-20 

7 "34 E-19 
4.32 E-19 
5.81 E-19 
6.19 ~-19 
5.86 E-19 
5.34  E-19  
11.31 E-19 
3.49 E-19 
3.06 E-19 
1 .78 H-19 
1.09 ~ - 1 9  

References:  

J .  Van den Bos, G. Winter,  and P. J. D e  Heer, Phys ica  44_, 1h3 (1969) .  
E .  W. Thomas and G. D.  B e n t ,  J. Opt. S O C ,  Am. - 58, 138 5968). 

__..___.l__l 

Notes : 

See Mote (44) a t  enti o f  c h a p t e r ,  

Accuracy: .-.- Systematic  error < 10%. Random e r r o r  < 5%. 
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A.2.54 

E x c i t a t i o n  Cross Sec t ions  for Lhe ReacLLons 

-t- f + -!- 
ii + HZ - 1 1 ( 3 ~ , 3 d )  + H + ~e and r% + H -f ~ ( 3 s )  + H~ -t H 3 2 3 2 2 

.- -I-....._.-~.......... __ ~...__._ .. - ........... . . ................. ....... __ .......... 

2.0  E 01 
3 .0  E 0 1  

5.0 E 01  
h.O 4 01 

6.0 E 01 
7.0 E 01 

9 . 0  E 01 
8.0  E 03 

1.0 K 02 
1.5 E 02 
2 . 0  E 07 
3 . 0  F: 02 
4.0 E 02 
5 .0  E O? 
6.0  d o? 
7.0 E 02 

2 . 4  E-18 
2 .6  E-18 
2-8 11-18 
2 . 9  3-18 
3.0 E-1.8 
3.0 E - 1 8  

3.0 2-18 
3.0 E-1.8 

2.9 .d-l8 
2.8 E-18 
2*'7 e-18 
2,4 E-18 
2,i E-18 
1 . 8  E-18 
1 . 6  F:-1.8 
1..4 E-18 

6.7 ~-18 
3 . 8  E-18 
3 .2  E-18 
3 . 8  E-- l8  
2 . h  E-18 
1 . 9  T-18 
1 . 6  zAi8 
1.11 E-18 

+ 
2 H 4- €I 3 

35 

3.0 E-1.8 
3 .6  e-1..8 
4 . h  E-18 
4.9 E-1.8 
5.4 3-18 
5.5 E-1.8 

5.3 E-l.8 

- 

5 ,)-I E-18 

5.2  E-18 

References:  

113 
F , D .  Stokes, Phys. Rev. __ 167, 26 (1968 j ; J.C. Ford, F.M. McCoy, R. Conrads 
a,ilrj. E.W. Thomas, Phys. Rev. A 5, 1.705 (1~972). 

H, f H e  -t H ( 3 c i )  + 1 % ~  f H e r  J . C .  Ford,  F.M. McCoy, R. Coni-ads, and 
E,W. Thomas, Phys. Rev. A _- 5, 1.'705 (3.972). 

H 3  + H2 + H ( 3 s )  + H2 f H e :  R.B. Hughes, D . R .  Kay, C . A .  S t i g e r s ,  and 
E.D. Stokes, Phys,  Rev. 167,  26 ( 1 9 6 8 ) .  

I- + + He + H ( 3 s )  + I12 + Xe:, R.11. Xughes, D.B. Kay, C.A.  S t i g e r s ,  and 

f -+ 

4 1- 

Notes:  -..- 
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A.2.56 

Excitatrion Cross Sec t ions  f o r  the Reac’iion 
+ -?- 

H c He 3 H. + He%(nR) 
3 3 

....- ~- - ... . .. .. .- - . ..... . .- ___ ___ ..... -- ~ ........ ____ 

Energy Cross Sections f o r  S ta - t e s  nR 
(keV) ( CI11?- ) 

_l____l__ .... . ._.... _,-.l_-___l______l 

1-00 E 00 
2.00 IC 00 
3.00 ~ 00 
4.00 Z 00 
5.00 i3 00 
6.00 E OO 
7.00 E 00 
8.00 E 00 
9.00 E 00 
1.00 E: 03. 
1.50 E 01 
2.00 E: 01 
3.00 E: 01- 

5.00 E 01 

7.00 Z 01. 
8.00 ki 01 

1.00 E 02 
1,30 x 02 
l”30 E 02 

4.00 r: 01 

6,oo I: OL 

9.00 E 01 

4”s - 
6.00 E-21 
l.85 E-20 
3.05 E-20 
3.34 3-20 
2 - 8 9  E-20 
3.11 E-20 
3.34 E-20 
3.37 E-20 
3.60 ~ - 2 0  
3.69 E-20 
8.60 3-20 

2-13 E-19 
1.36  E-19 

2.81 E-1.9 
3 .21 E-19 
3.39 E-19 
3.52 E-lg  
3 .28  E-].? 
3.72 E- l9  
4.1.8 E - 1 9  
4.82 E-19 
5.48 E-19 

fi 
1.06 E-19 
1 .I14 E-19 
9.00 g-20 
8.80 E-20 
9.70 E-20 
1.08 E - ~ 9  
1.33 g-19 
1.49 E-L9 
1.61 E-19 
1.85 E-19 
1.88 3-19 
2 5 2  E-19 
3.82 s-19 
4.51 E-L9 
5.40 S-19 
5.82 E-19 
6.41 E-19 
6.36 E-19 
‘ I .  33 E-19 
8.78 E-i9 
9.01 E-13 

& 
2.00 E-21 
5.80 E-21 
1.71 E-20 
3.52 E-20 

E-20 
2*78 E-20 
3.71 E-20 
4.63 E-20 
4.83 E-20 
4.88 E-20 

2 - 2 5  g-19 
3.65 x-19 
h.31 E-19 
4.88 E-19 
5.81~ e-19 
6.2’7 E-19 
7.69 e-19 

I .IO E-19 

7.30 e--19 
7.11 E-19 
6.50 E-19 
5.42 E-19 

43P 
I_ 

8.60 ~-21 

3.96 E-20 
3.7‘7 E-20 
6.17 E-20 
9.95 E-20 

9.26 E-20 

9.65 E-20 
1.23 E-19 
1 . 4 5  E-19 
1.58 E-19 
3. (3 E-19 
)1.81 E-19 
5.67 ~-19 

2.37 E-20 

9.60 E-20 

9.23 E-20 

6.78 E-19 
7.08 fi-19 
7.86 E-19 
.76 E 4 9  

6.23 E-I9 
4.56 E-19 

References : 

J. Van den Bos, G. Winter, and F. J . DeHeer, Phys ica  44, 1-43 (1-969). 
E. W. Thomas and G. D. Bent, J. Opt,  SOC.  Ani. - 58, 13871968). 

- 

Notes : 

See Note (44) a t  end o f  chapter. 

flccufacy: ~ . - - -  Systemati-c e r ror  < 10%. Random e r r o r  < 5%. 
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A.2.58 

Exc i t a i ion  C i - O s s  Sect? ons for the Reaction 

-+ 4- 
He 5 H He i H(2p) 

-. ................... - ...... ...... - ~. ~- ......................... ............. 

Energy C r o s s  S e c t i o n  
(keV) ( cm' 1 

5 .0 h-01 
1 .0 E 00 
2.0 ii: 00 
3.0 E 00 
11.0 E 00 
5.0 E 00 
6.0 3 00 
i . O  E 00 
8.0 d 00 
9.0 E 00 
1.0 E 01 
1 - 5  2 01 
2.0 E 01 
2.5 E 01 
3.0 E 01 

. ........ .................... .................. ____ ................... .. - -- ........... ~. 

References : 

S . J .  Yo~lng, J.S. Muri-ay, and J.R. Sher idm,  Phys. Rev. 178, 40 (1.969). -- 

No tes  : 

SeP  Note (38) a t  end of chapter .  

Ac cuyacgr : 

Systematic error .- < 50%. Rand-om error IO%. 
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A.2.60 

Cross Sec t ions  foi- Balmer-Alpha dmission from the impact of' 

He and He on H2 Gas c 0 

Cross Sec t ion  
( em2 ) 

1- 
He =+ H2 

1.0 d-01 
1 . 5  E-01 
2 a o  E-01  
3 .O E-01 
4.0 E-01 

8.0 E-01 
1 . 0  E 00 

2,O E 00 
3.0 l3 00 
4 . 0  Z 00 
6.0 E 00 
8 .0  E 00 
1 . 0  E 01  
1 . 5  E 0 1  
2 .0  E 01  
3 .0  E 01 

6.0 E - O ~  

1.5 E 00 

14.6 E-1.8 
5 .IC E-18 
7 .)-I E-1-8 
6.0 3-1.8 
5 .o  E-1.8 
3.8 E-1.8 
3.1 E-18 
2.7 E-18 
2 .2 E...18 
2 . 1  E-18 
2 .o E -1.8 
1 . 9  E-18 
2 . 1  E-18 
2.2 E-18 
2 .3  E-18 
2.7 E--18 
3 . 1  E-18 
3 .5  E-18 

2 
Heo =+ H 

6.11 E-19 
7 . 8  e-19 
8.7 E-19 
1 . 0  E-18 
1.2 ~ . - - i 8  
1 . 4  E-18 
1 . 5  E-18 

1- . 8 E-11.8 
1.7 E-18 

1.9 E-18 
1 . 9  E-18 
1 .8  E-18 
1 .6  E.-18 

. . ... . . __. .- __- . . . . . . - .... ~ ~ ....... ~~.____ ~.. ~- ..... ............. ~ 
- - 

Reference : ...-- 

V.A.  Giisev, G . N .  Polyakova, V.F. Erko, Y a .  M .  Foqel., and A , V .  Zats, 
S i x t h  I n t e r n a t i o n a l  Conference on t h e  Physics  of  El.ectronio and Ato1ni.c 
Col. l isions : Abs t rac t  of Papers ,  Cambridge, Mass p .  809, MTT P r e s s ,  1969. 

Notes : 

See Note (40) a t  end of  chapter..  

--.- 
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A.2.62 

E x c i t a t i o n  Cross S e c t i o n s  f o r  t h e  Reackions 

f f Be + H2 + He + H .+- H(2s93s,2p,3p) 

..... .. - ...................... ___  ......................... ._____ ..... __- _ __ - ..____ 

Cross S e c t i o n  f o r  State nR 
( em2 ) 

.............--___I ................. _I___ _ ............... 
2 s  3s - 2 I) -A- XE! 

5 . o  E-(12 
6 . 0  E-02 
8 . 0  E-02 
1 . 0  d-01 
2.0 E-01 
4 .O d-02 
6.0 2-01 
8.0 g--01 
1 . 0  E 00 
2.0 E 00 
11.0 E 00 
6.0 r: 00 
8.0 7 00 
1.0 E 01 
1 . 5  E 01 
2.0 01 
3.0 E 01 

2 " 2  E-17 
2 . 6  E-17 
3 .5  E-17 
4.4 3:...1'( 
5 .9  E-17 
6 . 0  ~..-i~{ 
5 . 2  E-17 
4.7 d."1'-( 
)+.IC E-17 
3. 5 E.--l'T 
3 . 3  E-l ' r  
3 .3  E-17 

3 .0  E-18 3.1.; 3-17 
4 . 0  E-18 2 . 1  E-19 3 . 5  E-17 2.11 E-19 

3 .0  E-18 2 .3  E-1.9 3 .8  E-1.7 2 .'T E-19 
4 .0 ;.:-18 2 . 1  E-19 3 . 7 E .-1'.f 2 . I &  E-1.9 

I c . 4  E-1.8 2 . 4  E-19 3 . 'I  E-l'q 2 . 4  E--19 

............ ...... .......... ~ ........... - ___ ................ .................... __ -. ....... - _____ 

References:  

He+ -t. H2 +- €€e 
Bobashev, F i f t h  I n t e r n a t i o n a l  Conference on t h e  Physics  o:P Elect?ouic 
& Atomic C o l l i s i o n s  : A b s t r a c t  of  Papers ,  p .  309, Publ.i.shing Hoiise Bauka, 
Leningrad, USSR (1967) . 
H e  + H2 + He. -+ H t- Y ( 3 s ) :  V.A. ilnkutlinov, S.V. Bobashev, atid R.P. 
Andreev, S o v i e t  Phys-SEW 2 5 ,  236 (.196~) . 
He f H2 + He f €I -t H(2p): B. Van ZyJ., L). Saecks,  D .  Pre ' izer ,  and 
E. Geballe , Phys I Rev. _._.._ 158, 252 (1967) .  

He -+ IT2 + H e  + 11 + 3 ( 3 p ) :  E . P .  Andreev, V . A ,  Ankudinov, and S.V. 
Bobashev, Fifth I n t e r n a t i o n a l  Conyerence on the Physf c s  of E l e c t r o n i c  
Pr: Atomic C o l l i s i o n s  : Absti-act of Papers , p .  309, Publ i sh ing  House Nauka, 
Leningrad USSR ( 1967 ) ; V .A .  Ankudinov , S . V . Bobashev , and F - P . Ant3 reev  , 
Sovie t  Phys-JETP - 25,  236 (1.967). 

Notes : 

See Notes (321, ( 3 3 3 ,  ( 3 5 ) ,  m d  ( 3 9 )  at  end of chapter .  

.I..- 

+ + H -+ H(2s) : E . P .  Andreev, V . A .  Ankudinov-, and S.V. 

f .f 

+ i- 

-k + 

Accuracy : 

Systematic erroi- c 50%. Random e r ror  < 1OX. 
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A.2.64 

E x c i t a t i o n  Cross Sections f o r  t h e  Reactions 
t f " 1  

He + He A He 3 fie ( )+  S , L!'-P> )+'-U) 

4% 

5 . 0  E 00 
6.0 E: 00 
8.0 E 00 
1.0 E 01 
1.5 E 01 
2.0 E 01 
3.0 E 01 
4.0 E 01 
5.0 E 01 
6.0 E 01 
'7.0 E 01 
8,0 E 01 
I , 0  E 02 

2*2 E-20 
2.6 E-20 
3.7 E-20 
h .9 z-20 
3. j ~-20 
4.0 E-20 
4.9 E-20 
7.8 E-20 
9.9 E-20 
8.7 E-20 
7.2 l3-29 
6.8 z-20 
6.6 1-20 

3.0 E-19 
3.0 E-19 

3.3  E-19 
3.0 E-19 
2 - 6  E-13 

?,6 X-19 

2.1+ E-19 
2 G z  L-19 

5.3 E-20 
5.6 h-20 
6.5 E-20 
7. ( E-20 
6.9 z-20 
1.1 E-19 
2.8 E-19 
2.9 g-19 
2.0 E-19 
1,2 E-19 
8.1 E-20 
7 . 3  E-20 
6.7 E-20 

Refercnce: 

F. J. de Beer and J. Van den Bos, Physica - 31, 365 (1965). 

Notes: 

See Note (h~-r-)  a t  end of chapter ,  

Accuracy: Systematic  error < 10%. Rand.om error  < 5%. 
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A.2.66 

5.0 E 00 
7.> r: 00 
1.0 E 01 
1.5 r: 0 1  
2 . 0  E 0 1  
3.0 a 1  
14.0 E 01 

6.0 E 01. 
5.0 E 01 

7.0 E 01 
8.0 P: 01 
9.0 E 01 
L0,O E 01 

2 "2 z-20 
4.0 E-20 
3.4 &-20 
7.0 E-20 
3.2 E:-20 
5.9 E-20 
8.2 E-20 
9.6 E-20 
1.1 E-19 
1,4 E-19 
1.2 E-19 
l.1 E-19 
1,1 E-19 

3 11. P 
I_ 

I., 3 E:.-20 
5.8 E-20 
1.2 E-19 
1 . 3  E.-1-9 
.. 1 . 4  . E-19 
2 , 0 E.-:1.9 
2-5 E-19 
2.6 E - - 1 3  
2.5 E-19 
2 , 3  E-19 
2.0 E-19 

l . 3  E-19 
1.1 E-19 
1 .3  E-19 
1.6 x-ig 
3.2 E-13 
3.7 d-19 
2.2 E-19 
1 . 8  E-19 
1 .5  E-19 
1,1 E-1.9 
8.8 E-20 
7.5 E-20 

References : 

F. J. dc Heer and J .  Van d m  Bos, Physica - 31, 365 (1965). 

Notes : 

See Note (44) at end of chapter .  

Accuracy: Sys'cematic error < 10%. Random e m o ~  < 5%. 
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Notes 

(1) The t h e o r e t i c a l  m l u e s  of Cheshire e t  a l .  f o r  ene rg ie s  above 25 keTJ 
are p resen ted  s e p a r a t e l y  Although n o t  y e t  confi-rmed by experiment 
a t  high e n e r g i e s ,  t hey  do provide  a u s e f u l  method f o r  e s t ima t ing  
c r o s s  s e c t i o n s  at high  e n e r g i e s .  

(2) The experimental  d a t a  represent ,  c r o s s  s e c t i o n s  f o r  emission of 
Lymaii-alpl.ia r a d i a t i o n .  They zre equa l  t o  t h e  c ros s  s e c t i o n  f o r  
formation of t h e  l e v e l  on ly  if cascade can be neg lec t ed ;  for t h e  
2s l e v e l  t h i s  i s  probably t r u e  b u t  f o r  t h e  2p l eve l  i t  may be jn 
e r r o r .  

( 3 )  'The t h e o r e t i c a l  values of Cheshire are p resen ted  f o r  ene rg ie s  
g r e a t e r  t han  25 keV. Consult  t h i s  p p e r  for t h e o r e t i c a l  va lues  of 
cross s e c t i o n s  above 100 keV. Although not  y e t  confirmed by 
experiment a t  t h e s e  h ighe r  e n e r g i e s ,  t hey  do provi.de a useful .  
method f o r  e s t i m a t i n g  c r o s s  s e c t i o n s  a t  h igh  e n e r g i e s .  

( I + )  The exper imenta l  data r e p r e s e n t  cross s e c t i o n s  for t h e  fomiat ion 
of  t h e  2s and 2p levels only i f  cascade i n t o  t h e s e  l e v e l s  can be  
neglec ted .  
t o  t h e  measured cross s e c t i o n  i s  Less t han  1% over  t h e i r  energy range .  

Morgan, -- e t  a l . ,  have e s t ima ted  t h a t  cascade c o n t r i b u t i o n  

( 5 )  I n  a l l  ca ses  t h e s e  c r o s s  s e c t i o n s  have been deduced on t h e  (unsubs tan t i a t c  
assumption t h a t  cascade i n t o  t h e  r e l e v a n t  l e v e l s  can be neg lec t ed .  
With t h e  except ion  of  t h e  2p l e v e l  t h i s  assumption i s  j u s t i f i e d ;  
t h e r e  i s  i n s u f f i c i e n t  (lata t o  permit a c o r r e c t i o n  f o r  t h e  2p _I.eveI. 

( 6 )  There i s  good evidence [ R .  H .  Zughes e t  a l .  Phys. Rev. A 1, 14211- 
( 1 9 7 0 ) ]  t h a t  c r o s s  s e c t i o n s  for n s  s t a t e s  decrease  as n 3-at ene rg ie s  
above 60 keV; t h i s  f a c t  may be u t i l i z e d  t o  p r e d i c t  c r o s s  s e c t i o n s  
for h ighe r  n s t a t e s .  

- 

( 7 )  I n  a l l  cases  t h e s e  c ros s  s e c t i o n s  have been deduced on t h e  (unsubst:a-- 
t i a t e d )  assumption t h a t  cescade i n t o  r e l e v m t  s t a t e s  can be n e g l e c t e d ,  
For t h e  ns  s t a t e s  t h i s  assumption i s  j u s t i f i e d .  

( 8 )  The 2s n o t a t i o n  r e p r e s e n t s  the c r o s s  s e c t i o n s  f o r  f i e l d  induced 
emission of Lyman-alpha emission ( 2 s  + 2p -+ IS). 
neg lec t ed  t h i s  i s  equal  t o  t h e  c r o s s  s e c t i o n  fo7' H ( 2 s )  fo rmat ion .  

I f  cascade can be 

( 9 )  The 2p notat , ion r e p r e s e n t s  t h e  c r o s s  s e c t i o n s  f o r  Lyman-al.pha 
emission.  If cascade can be neg lec t ed  then  t h i s  i s  equal t o  t h e  
c r o s s  s e c t i o n  for ii(2p) format ion .  

(10) The 3p c ross  s e c t i o n s  are f o r  H(3p) formation deduced from emission 
measurements on t h e  ( u n s u b s t a n t i a t e d )  assumption t h a t  cascade can be 
neg lec t ed .  

-b f 
(11) Tine 1606 8 b a n d  i s  the Lyman band o f  112 [B '&  -+ x ' X q ,  (4,11), (5,121, 

arid (6,131 I .  
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f. 
(12) 

(1.3) Data.  on po la r i . za t ion  of emissions car1 be found i n  H. H .  :luqhes et a! . , 
Phys. Xev. A __ 1, 1h24 (1970) and i n  T .  D. B a i l y  e t  :r:  ~ ~ Phys. Rev. 167 ,  

'Tile '4180 a band of 1 2  i s  f o r  Lhe t r m s i t i o n s  [3d ] -TIg + 2p IC, ( 1 , O ) l .  

81 (1968). 
- 

(1)~) Some of i'irese measurements have been done wi-til D' p r o j e c t i l e s .  I n  
LLiese cases t h e  Cross s e c t i o n  f o r  D irripact; a.pnenrs t o  be t h e  same 
a.s f o r  ~i+ project i . l .es  of t ~ i e  s m e  v e l o c i t y .  

9- 
L l  

(7.5) There i s  good evidznce [R. I I .  Hughes e t  al. Phys. Rev. 16h, 2-66 
(1 967) ] t h a t  c r o s s  s e c t i o n s  f o r  n s  s ta tes  decrease  as n-.'".a'i pn , ergi-es 
above 80 keV. This  f a c t  may be v t i l i z e d  t o  predict c r o s s  s e c t i o n s  
f o r  h igher  n s t a t e s .  

(16) In a l l  rases t h e  cross s e c t i o n s  have been deduced on t h e  (iinsubsta7- 
t i a t c d )  assumption t h a t  cascade into rcl Avant levels  CRLI be neglec ted .  

(1.7) It i s  genera17.y found t h a t  t h e  c r o s s  s e c t i o n  foy forma.tion of I i ( n s )  
at, e a e r g i r s  g r e a t e r  than 80 keV decrease:.; as n. -3 ;  t h i s  rule may be 
used t o  e x t r a p o l a t e  t o  oi;her ns l eve l s .  

(1.8) These d a t a  are f o r  forna- t ion  of  a11 s ta tes  having R gi.ven griiicipa.7 
quantum number n .  .it i s  known that t he  c r o s s  s e c t i o n  o(n) f o r  
formatioii of  siich a s - t a k  i s  proport ional .  to n-3.  
t o  determine t h e  c o e f f i c i e n t  a ( n )  x n 3 ,  a a d  it i s  t h i s  c o e f f i c i e n t  
that i s  given h e r e ,  

~ 

1;; i.s conventioi?a.l 

(19) The data presented. here have been nessured f o r  states r.Ftrig;ing 
be'iween 1 0  and. 15- 

(20) ' these d a t a  a m  fo r  forrnation of a1.l states having a pri.ncipa.1 
quantum number n .  
f o r n a t l o n  of  such a state i s  p i -opor t fona l  t o  n-'. 
to determi-ne t h e  c o e f f i c i e n t  u(n) x K 3 ;  it i s  t h a t  c o e f f i c i e n t  t h a t  
i s  gi.ven h e r e .  

I t  i s  knk.)wn t h a t  t h e  c r o s s  s e c t i o n  ~ ( n )  f o r  f o r  
E t  i s  conventional. 

( 2 1 )  I l ' i n  e t  a3 . a l so  p r e s e n t  data f o r  a T,i vapor t a r g e t  over t h e  same 
energy r a n z e  . 

( 3 2 )  'l'hese data arz theoretical pYcdickinn5.  For experj mental d a t a  
obtained s i n c e  t h e  graph was made see T. J. Morgarl, J. Geddes, 
atid 11. B. Gilbody, J .  Vhys. Y 7, .- 1)+2 (1974). 



( 2 3 )  These dat:; w e  der ived  from emission measixrerrien-ts on the  (unsiibstan- 
t i a t e d )  assixaption t h a t  cascade i n t o  t h e  excit;t?d s t a t e  m.ay h e  
negl-eeted.  T h i s  assumption proba-bly does n o t  i nvo lve  m er-ror of 
10% in most cases. 

( 2 h )  These data are de r ived  from erniss?.cn measurements on t h e  (unsubstan- 
t i a t e d )  ass impt ion  t h a t  cascade into the er,ci.ted s ta te  may be 
neglec-Led. 'J'here i.s no evidence with which t h e  v a l i d i t y -  o:f" -tihe 
assimption can be t e s t e d .  

(25) For B(2s) and fi(2p) format lon ,  we have used a t h e o r e t i c a l  ca.lculatiori 
by Levy at ene rg ie s  or" LOO keV and grea,te:r. These caLeulat;ions have 
no t  been confirmed experimen-ta.1.l.y zbove 100 keV hiit a r ~ ?  expected. t o  
be r e l i a b l e .  

(26) These d a t a  a r e  derived from emi.ssion measurements on the  assurnpti.on 
t h a t  cascade i n t o  t h e  exci-bed 6tu-t;e may be neg lec t ed .  Wi-th t h e  
exceg-t,j.m of the  2p level  t h i s  i.5 j u s t i f i e d  and in thts i l S f - 3  t he  
r e s u l t i n g  e r r o ~  does not  exceed 10%. 

(28) There w e  no t h e o r e t i c a l  d a t a  a v a i l a b l e  t o  permit, ex tens ion  of  the 
energy range o r  t o  inc lude  csthe-t. s t a t e s .  

( 2 9 )  These c r o s s  secti .ons are f o r  emission of Lyman-alpha radiation "and 
:?ere quoted as equal t o  t h e  level. e x c i t a t i o n  crozS sec!;ioxs on the 
( u n s u b s t a n t i a t e d )  a.ssuuiptj.on tha-t; (2ascad.e coi.i%d be neglected. ,  

(31) These cross s e c t i o n s  were de r ived  from emi.ssion measurements on t h e  
( u n s u b s t a n t i a t e d )  assiimpti.on tbat cascade may be neg1.ec-t;ed. In d 3 .  
cases this is pro'uably a good assimtptioxl 

( 3 2 )  The e x c i t a t i o a  c r o s s  see-Lions for H( 2 s )  are? de-t;ermi.netl fi-om t h e  
f i e l d  induced emission of Lyman-alpha (2s + 2p + Is). 
can be neglected these are ec;iiaI. l;o the cross  s e c ~ t i o n  f o r  W(2s) 
formation a 

If cascade 

( 3 3 )   he exc i ta t i -on  cross  s e c t i s n s  f o r  H(+) are t h e  cross sec t ions  for 
Lyman-alpha (2p 3 Is) entssion. 
these are equal to t11.e cross secticxis for 1i(2p) farmation, 

If cascade can be neglected then 

(311.) The e x c i t a t i o n  c1-oss sec t ions ,  for R( 3p) are emi.ssion !:ross sections, 
m d  if cascade can be neglect .ed thesi-. itre eipi.al. t o  t h e  c r o s s  s e c t i o n s  
f o r  ~ ( 3 p )  format ion .  

The n =I 3 -+ 2 t r a n s i t i o n  j s  t h e  6563 8 Balmer-alpha r a d i a t i o n .  ( 3 5 )  
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(36) There a r e  d a i a  f o r  D2' impact by Van Zyl e t  a l .  Phys. Rev. A L&, 
1561 (1969) that ,  arc i n  good agreement wi th  t h e s e  d a t a  f o r  H(2p) 
format,ion when p l o t t e d  on t h e  same v e l o c i t y  s c a l e .  

( 3 7 )  According t o  Ford e t  a7 .  [Phys,  Rev. A - 5 ,  li05 (11372)] the c ros s  
s e c t i o n  for H(3p) formation i s  approximately t h e  same as t h a t  f o r  
H ( 3 s )  and H(3d)  formation a t  ene rg ie s  above 75 keV. 

(38)  This c ross  s e c t i o n  i s  determined from emission measurements on t h e  
( u n s u b s t a n t i a t e d )  assumption t h a t  cascade may be neg lec t ed .  

( 3 9 )  The I i ( 3 s )  and H(3p) c ros s  s e c t i o n s  a r e  deduced from emission 
measurements on t h e  ( u n s u b s t a n t i a t e d )  assumpti.on t h a t  cascade may 
be negl.et:ted. 

T h e  Balmer-alpha emission i s  Lhe n = 3 -+ 2 t r a n s i t i o n  (6563 A ) .  
0 

(40) 

(41) Data for o-ther e x c i t e d  s ta tes  a r e  a v a i l a b l e  i n  t h e  r e fe rence  c i . t ed  
and a r e  also t a b u l a t e d  by Thomas (Exci ta t i .on  in deavy P a r t i c l e  
Coli-isions ; Wiley-Xnterscience,  New York, 19'72 
given by Thomas a r e  o t h e r  data for t h e s e  same s t a t e s  t h a t  a r e  i.n 
gene ra l  agreement with t h e  v a l m s  adopted here .  

Some d.ata above 75 keV impact energy have been Laken f o r  D i.mpact, 
These indicate t h a t  D" behaves t h e  same as Ti' i ons  of t h e  same energy. 

_.-I.-.^.^ ..... ______^_I 

Chapter 6 7 x 1 ~ 0  

+ (42) 

( k 3 )  Kxc i t a t ion  by t r i p l e t  s t a t e s  by proton impact is formal ly  forb idden  
because e l e c t r o n  s p i n  i s  not conserved. There are no r e l i a b l e  
measurcments t h a t  i n d i c a t e  t h i s  r u l e  t o  be v i o l a t e d .  

( I + ) + )  Data f o r  o t h e r  e x c i t e d  s ta tes  a r c  a v a i l a b l e  i n  the r e fe rence  c i t e d  
and a r e  a l s o  t a b u l a t e d  by Thomas ( Z x c i t a t i o n  _I i.n Heavy P a r t i c l e  .-- 
Col l i s i o n s  ~ Wiley-In te rsc tence ,  New Yoi-k, 1972, Chapter 6) . 

( I + > )  It i s  g e n e r a l l y  found t h a t  t h e  c r o s s  s e c t i o n  TOY formation of H(ns)  
a t  ene rg ie s  above 80 keV decreases  85 n m 3 ;  t h i s  r u l e  m y  be used t o  
e x t r a p o l a t e  t o  o t h e r  ns l e v e l  s 

3 (146) Some measiirements w i th  i n c i d e n t  D a r e  a v a i l a b l e .  I n  genPral t hese  
c ros s  s e c t i o n s  a r e  t h e  same as f o r  H+ p r o j e c t i l e s  of t h e  same v e l o c i t y .  

(117) I n  our opinion t h e  data f o r  C s  and I( may be u.nr.eliable in magnitude; 
o t h e r  e s t ima tes  of t h e  cross s e c t i o n  f o r  C s  t a r g e t s  axe  up t o  two 
o rde r s  of magnitude l e s s  than  -those shown he re .  The r e l a t j -ve  
magnitudes should be r e l i a b l e .  
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Cross Sec t ions  for the Conver2ion of Fast rons i n t o  
Protons i n  ?assage Through H, ani1 11 

3.2 E-03 
4.0 E-03 
6.0 E-03 
8.0 E-03 
1.0 E-02 
3.0 E 00 
6.0 E 00 
1 .0  E 0 1  
2.0 E 01 
3.0 E 0 1  
4.0 E 01 
6.0 E 01  
1 .0  E 02 
2.0 E 02 
4.0 E 02 
7.0 E 02 
l . 0  E 03 
3.0 E 03 
2.0 E 04 

Cross S e c t i o n  
(em2 1 

--- .I_. 

H 2  

3.3 E-17 
6 .6  E-17 
8.8 E-17 
8.6 E-17 
8,Q E-17 

1 . 6  E-16 2 .1  E-16 
2 .1  E-3.6 2.4 E-16 
2.4 E-16 2.4 E-16 
2 . 3  E-16 2 .1  E-16 
2.0 E-16 1.9 E-16 
1 . 9  E-16 1 .9  E-16 
1.8 E-16 2,2 E-16 
1.6 E-16 2 . 3  E-16 

1.8 E-16 
I.2 E-16 
8 .0  E-17 
6 . 3  E-17 
1 " 4  E-17 
4.9 E-18 

- N .- 

References : 

Hz++Hz: 
Publ .  Co., Amsterdam, p .  7 4 3  (1964); K. H.  Berkner,  S .  N .  Kaplan, R. V. P y l e ,  
arid J. W. Steams, Phys. Rev. 1 4 6 ,  9 1  ( 1 9 6 6 ) ;  J. Guid in i ,  C. R. Acad. S c i ,  
P a r i s  253, 829 (1961); R. N. I l ' i n ,  B. I. K i k i a n i ,  V.  A .  O p a ~ i n ,  E. S. Solov 'ev,  
and N .  V .  Fedorenko, Sov. Phys.-JETP 1 9 ,  817 (1964); S. E .  Kupriyanov, N .  N .  
T u n i t s k i i ,  and A. A .  Perov, Sov. Phys,Tech+ Phys. 8, 932 (1964); G.  W. McClure, 
Phys. Rev. g, 1852 (1963); T .  F. Moran and J, R. Koberts ,  J.  Chem. Phys. 4!!, 
3411 (1968); L. L .  P ivovar ,  V.  M. Tubaev, and M. T .  Novikov, Sov. Phys.-JETP, 
- 13, 23 (1961);  A. Schmid, Z. Phys. 161, 550 (1961); E .  S. Solov 'ev ,  R. N .  I l l i n ,  
V.  A. Oparin,  and N .  V .  Pedorenko, SOV. Phys.-JETP 26, 1097 (1968); D.  R. 
S w e e t m a n ,  Proc.  Roy. SOC. T,ondon, 256A, 416 ( 1 9 6 0 ) ; J .  F. W i l l . i a m s  and D. N.  
F. Dunbar, Phys. Rev. 149, 62 (1966). 

C. F. B a r n e t t  and J. A. Ray, Atomic C o l l i s i o n  Processes, North-Rollaxl 

- 
- 

- 
H*+fH: G. W. McClure, Phys. Rev. 153, 182 (1967) .  -- 

Accuracy: 
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Dissociation Cross S e c t i o n s  for the Fomai ion  of Fast 
H' and KO f o r  H, MolecuJes in 82 

Energy 
(kea) 

6.0 E 00 
1.0 E 0 1  
1 .5  E 0 1  
2.0 E 0 1  
4.0 E 0 1  
6 .0  F 01 
9.0 E 01. 
3.0 e 02 
6.0 E 02 
9.0 E 02 
1 .2  E 0 3  

(1 (NO) 0 __I_ <H+ >_ _._I 
2.4 E-17 
3.8 E-17 2.4 E-16 
3.6 E - I 7  
4 . 3  E-17 
5.7 E-17 
5 .  7 E.-1s 
3.5 E-17 
5.3 E- 1 7  
3 .1  E-17 
2 . 4  E-17 
2.2 E-17 

References: 

G. FJ. MeClure, Phys. Rev. 134, A1226 (1364); K. W. Ben-kner, T. 3 .  Morgan, 
R. V. P y l e ,  and J .  IJ, Stenrns, Phys. Rev. A - 8,  2870 (1973) .  

Accuracy : 

Unknown D 

Notes  : 
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p ' a r t i a l  Cross Sect ion  f o r  D i s soc ia t ion  of F a s t  112+ ~ o n s  i n  
Passage through Hydrogen and Helium. H2'+H"+H0 

Cross Sections 
(ern') 

1 . 7  E 00 
3 . 0  E 00 
6.0 E 00 
1 . 0  E 01 
2.0 E 01 
5.0 E 01. 
7.0 E 81 
1.0 E 02 
2.0 E 02 
5 . 0  E 02 
7.0 E 02 
1 . 0  E 03 
1 . 5  E 03 
2.0 E 03 

l.G E-16 
1.6 E-16 
1.7 E-16 
1.7 E-16 
1.6 E-16 
1.4 E-16 
1.2 E-16 
1.0 €3-16 
6.8 E-16 
3.7 E-16 
2 - 9  E-16 
2.2 E-16 
1.7 E-16 
1.4 E-16 

6.7 E-17 
6.5 E.--17 
6.2 E-17 
4.5 E-E7 
2 * 2  E---17 
1.7 E-17 
1.2 E-7-7 
8.2 E-18 
6.2 E-18 

A 
H2'+H2: J. Guidini,  C. R. Acad. Sci. Paris ,  253, 829 (1961) ; L. 1.  Pivovar, 
V .  M. Tubeav, and M. T .  Novikov, Sov. Pkys.--JETP 1.3, 23 (1961); D .  R. Sweetman, 
unpublished; N .  N .  Tunitski ,  E. S .  Zhurkin, and G1-V. Tikhoraiwov, Sov. Phys.- 
JETP Letters, I 12, 210 (1970).  

H2 +He: J ,  G u i d i n i ,  C. R. Acad. S c i ,  P a r i s ,  253,  829 (1963.); T,. 1. Pivovar, 
V.  M. 'I'ubeav, and M. T. Novikov, Sov. Phys.-JETP - 1 3 ,  2 3  (1961) ;  D .  R .  Sweetman, 
unpublished. 

4- 

Accuracy: 

For energies  less than LOO keV -i. 40%. 
For energies  greater than 100 keV 220%. 

Nates: 

A t  the lower impact energies  the accuracy of  the  results of the various investi- 
gators depends on the i n i t i a l  vibrational  s t a t e  dis tr ibut ion  of the 242+ ion. 
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Dissoc ia t ion  Cross Sect?-ons for thP Formation of Protons for 
H2' in He and the E'ormation of Fas t  Ho Aiorns for H2+ in Hz 

Cross S e c t i o n s  
2 (cm ) 

2.0 E 00 
4.0 E 00 
6.0 E 00 
8.0 E 00 
1.0 E 0 1  
3 . 0  E 01 
5.0 E 01 
7.0 E 01 
1.0 E 02 
2 .0  E 02 
3 . 0  E 02 
7 .0  E 02 
1.0 E 03 

3. 7 E-17 
7.6 E-17 
1 .0  E-16 
1.2 E-16 
1 . 3  E-16 
1.3 E--16 
2 .0  E-15 
2.0 E--16 
2 - 0  E--16 
1 . 7  E-16 
1.2 E-16 
5 .9  E--16 
4.2  E--16 

5.1 E-16 
6.3 E-16 
7.1. E-16 
7.7 E-3.6 
3 . 3  E-16 
6.9 E-15 
5.3 E-15 
3.6 E-16 
1.2 E-16 

References : 

li2++Hcr 
N. V. Fedorenko, Sov. Phys. JETP 1 9 ,  81.7 (1954); J .  Guidini, C.  R.  Acad. 
Sci. P a r i s  253, 329 (1951): L.  T,Pivovar, V .  M. Tubaev, M. T .  Noviksv, 
Sov. Phys.-.TKTP 13, 23  (1951); J. F .  Williams and D. N .  F. Dunbar, Phys. 
Rev. __- 149, 62 ( 1 9 z ) .  

H '+H2: 
~ I Z I ~  550 (1961); E. S. ~olov1ev, R. N. 11.'in, V.  A.  Opa-ri.n, and N. V. 
Fedorenko, Sov. Phys.-JETP 26, 1097 (1968);  D. R.  Sweetman, Proc.  Roy. 
Soe. London 2568, _I__ 416 (1960jT 

R. N. Il'in, B. I. K i k i a n i ,  V .  A.  Oparin,  E .  S .  Solov'ev, and 

I 
G .  W. McClure, Phys. Rev. 130, 1852 (1963); A. Schmid, %, Phys. 

... Accuracy: 

-0- 20%, 
of t- 40%- 

T h e  h i g h  energy datla (> 100 keV) f o r  OH+ (Xe) has  discrepancies 
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A.3.10 

Dissoc ia t ion  Cross Sgct ions  for t he  Formation 
of Protons for H2+ i n  N 2  and N e  

Cross S e c t i o n s  
( m* 1 

OH+ (Ne) 
..-.- 

OH+ (N2 
l.l.-_l 

2.0 E 00 6.5 E-17 
4.0 E 00 2.0 E-16 9.5 E-17 
6.0 E 00 2.5 E-16 1 . 2  E-16 
1,O E 01  3.3 E-16 1 . 5  E-16 
2.0 E 01 4 . 6  E-16 2 . 1  E-16 
4.0 E 01 5.9 E-16 2.6 E-16 
6 .0  E 0 1  6.5 E-16 3.0 E-16 
1 .0  E 02 7.0 E-16 3.3 E-16 
1.5 E 02 7.0 E-16 3.2 E-16 
3 .0  E 02 6.5 E-16 
7.0 E 02 5 . 4  E-16 
1,O E 03 4.8 E-16 
2 .0  E 03 3.0 E-16 

I.-..-.._.r_-.-__. .- -.__l__l -~ .-. 

R e f e r e n c e s  : 

I-I2++ N2: J. Guidin i ,  C .  R. Acad. S e i , ,  P a r i s ,  - 253, 829 (1961); R. N. I l ' i n ,  
13. I. K i k i a n i ,  V. A. Oparin,  E.  S .  Solov 'ev,  and N. 8 .  Fedorenko, Sov. Phys.- 
JETP I_ 19 ,  817 (1364);  I,. 1. Pivovar ,  V.  M. Tubeav, and K. T.  Novikov, Sov. 
Phys.-JE'P 13, 23 (1961); D. R. Sweetman, unpublished; J. F. Williams and 
D. N. F. Dunbar, Phys. Rev. 149, 62 (1966). 

H2%Ne: 
Sov. Phys.-JETP 26, 1097 (1968); J. F. W i l l i a m s  and D. N. F. Dunbar, Phys. 
Rev. - 149,  62 (19z). 

E. S .  Solov 'ev,  R. N. I L ' i n ,  V. A. Oparin,  and N .  V. Fedorenko, 

-. Accuracy: 

f 25%. 

Note: 

+ +  o + i s  the cross s e c t i o n  f o r  the sum of t h e  reacti-ons H2'+X+(H'''1-No)3 2(H +H ) . r, 
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Cross Sect,ions for t h e  P r o d u c t i o n  Frotons 
and  H A t o m  f o r  H2." in Mg and Na 

2.0 E 01  
3.0 E 01 
4.0  E 01 
5.0 E 0 1  
5.0 E 01 
8.0 E 01. 
1 . 0  E 02 
l . 5  E 02 
1..8 E 02 

6.8 E - 1 7  
9 . 7  E-I7 
6 . 5  E-117 
8 . 9  5 -17  
1.4 E-16 
1 . 5  E-16 
1 . 6  E-16 
1 . 8  E - - 3 5  
1 . 9  E-16 

~ r ~ ~ +  (h1a 1 alp (ME) -_ ............... . . . . . . . .- . .. . .. . .- 
5.3 E - 1 7  
7 .7  E-17 4 .9  E-16 
9.0 E-17 3.6 E-15 
1.1. E-16 2 , 9  E--16 
1 . 6  E-16 2 . 4  E-16 
1 . 7  E-16  2 - 0  E-1.6 
1.8 E-16 
2.0 E-16 
2 . 2  E-16 

References: 

E. S.  Sol .~v 'ev ,  R .  N .  Illin, V .  A .  B p a r i n ,  and N.  V.  Fedsrenko, Sov. P1iys.- 
JETP I 26,  1097 (11968). 

Accuracy: 

? 30%. 





A . 3 . 1 4  

Dissociation Cross Sec t ions  for the Product ion of Protons  

-+ -I- f o r  t h e  React ion P r s d i i c t s  (H SH') f o r  H2 i n  A r  

cross Sec.ti0l-I 
(CKI2> 

2.0  E 00 
4.0 E 00 
7 . 0  E 00 
1.0 E 01 
2.0 E 01 
4,O E 01 
9 . 0  E 01 
1.0 E 02. 
2.0 E 02 
4.0 E 02 
7 .0  E 07. 
1.0  E 03 
2.0 E 03 

"iiJ; 
8 . 7  E-17 
1 .3  E-16 
1.. 8 E-16 
2 * 2  E-16 
3.3 E-16 
4.6 E-16 
5 . 7  E-16 
6 . 4  E-16 
6.6 E-16 
5 .6  E-16 
4.7 E-16 
4 . 1  E-16 
3 .1  E-16 

2.3 E-3.6 
2 . 4  75-16 
2.3 E-16 
1 . 9  E-16 
1 . 5  E-16 
1 . 2  E-1.6 
1 .0  E-14 
7.5 E-17 

Reference: 

H2 +AT -f uH+: 
I l ' i n $  B. I .  K i k i a n i ,  V .  A .  Oparin,  E .  S .  Solov 'ev,  and N .  V .  Fedorenks, 
Sov. Phys.-JETP 9, 817 (1964); L .  I .  Pivovar,  V .  M. Tubaev, and M. T .  
Novikov, Sov. Phys.-JETP - 13,  23 ( 1 9 6 l ) ;  D.  R.  Sweetman, unpublished;  J. F. 
W i l l i a m s  and D. N. F. Dunbar, Phys. Rev. 149, 62 (1966). 

H a  + Ar -+ utI++HO: 
L. I .  Pi.vovar, v .  M. Tubaev, and M. T .  Novikov, Sov. P h y c i J E T P  ..-I. 13, 2 %  
(1961); D .  R. Sweetman,  unpubl ished.  

_I__ ._. . 

-4 J. Guid in i ,  C .  R .  Acad. S c i .  P a r i s ,  253, 829 (1961j ;  R. N .  

+- J. Guidin i ,  C .  K. Acad. S e i .  F a r i s ,  253,  829 (1941);  

25%. 

Notes : 

refers t o  t h e  sum o f  the r e a c t i o n s  H2+ -i A r  -+ (H?-iH') Jr 2(H"+H+). 

r e f e r s  to the reartion B ' + A r  -+ HJr+Ho. "Hf*W' 2 



A
.3.15 

W
 
- 

Lo 
In 

cu 
I 0
 

F
 

b - 
P

 I c
 

N
 

0
 
c
 



A . 3 . 1 6  

Cross Sec t ions  for t h e  Formation of  Elkctroiiica.1.l.y Exci Led H Atoms 
i- from t h e  1) i ssoc ia t i .m o f  H2 and. 33' i n  H2, Ne, Mg, and N a  

Energy 
(keV/proton) 

Cross Sections 
b2) 

1.0 E 01 
2.0 E 01 
3.0 E 01 
4..0 E 01  
5 . 0  E 01  
6.0  E 0 1  
7.0 E 01  
8.0 E 0 1  
9 . 0  E oa 

+ 
H2 fH2 

1 . 2  E-16 
1 . 4  E-16 
1 . 6  E-16 
1 . 7  E-16 
1 . 7  E-1s  
1 . 7  E-36 
1 .6  E-16 

+ H2 f N a  

1.7. E-E6 
2.2 E-E6 
1 . 4  E-16 
8 . 9  E-17 
6 . 8  E-17 
5.8  E-E7 
5 . 4  E-17 
5 . 4  E-17 
5 . 5  E-17 

-. - 

-t- -1- -t- 
A 4 H 2  M3 +Mg 

-. . . . . . . . . . . . . . . . 3 B2 +Ne 
_. . -_ .. . . . - _. . . . . . .. ... . . . . - 

1.4 E--16 
1 . 4  E--16 3.1 E-16 

7.8 E-17 1 . 3  E-16 3 .0  E-16 
8 . 8  E-1T 1.7. E-16 2.9 e-1.6 
1.0 E-16 1.2 E-16 ? . 8  E-16 
1.1. E-16 1.1 E-1-6 2 .7  E-1.6 
1.3 E-16 
1 . 4  E-16 
1.. 4 E-16 

References : 

E. S. Tolov'ev, R. N. I 1 7 i n 9  V. A. Oparin and N .  V. Fedorenko, Sov. Phys.-  
JETP z9 1097 (1968) .  

t 30%. 

Notes : 

T o  ob ta in  the cross sec t ion  for formation of l c v d  n ,  d i v i d e  the  t abu la t ed  
3 cross sec t ion  by n . 

- 
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A . 3 . 1 8  

Dissoci-at ion Cross Sec t ion  for HIl' I ons  
in He and Me 

Cross Sect ions 
b2> 

5.0 E 00 
1 .0  E 0 1  
1 .5  E 0 1  
2.0 E 0 1  
2 . 5  E 0 1  
3.0 E 0 1  
3.5 E 0 1  
4.0 E 0 1  
4.5  E 0 1  

1 . 6  E-17 
1 . 9  E-17 
2 . 4  E-17 
2 . 9  E-17 
2 . 2  E-17 
2 . 1  E-17 
2 . 1  E-13 
2 . 3  E-17 
2 .1  E-17 

4.4  E-17 
5 .0  E-17 
4 .  7 E-17 
8.0 E-17 
8 . 2  E-13 
5 .0  E-17 
5 .0  E-17 
5 . 1  E-17 
4.8 E-17 

2 . 3  E-17 
3.0 E-17 
4 .0  E-17 
4 .9  E-17 
3.6 E-17 
3 . 3  E-17 
3.8 E-17 
3 .9  E--17 
3.5 E-17 

7 . 2  E-13 
7 . 9  E-17 
7 . 2  E-1.9 
1.1 E-16 
1.1. E-16 
9 . 3  E-37 
9.0 E-17 
8 .9  E-13 
8 .5  E-17 

Reference : 

R .  W. Rozet t  a i d  W. S. Koski ,  J .  Chem. Phys. _- 4 9 ,  2 6 9 1  (1968). 

Accuracy: 

Unknown 

Notes : 
i- + 

o i s  for r eac t ion  products  If +D and 6 is for HtD . 1. 2 
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A.3.20 

D i s s o c i a t i o n  Cross S e c t i o n s  for the  Product ion  of b l a s t  
H+ arid H ~ +  f r o m  1l3+ if? H, 

Energy 
(keV) 

cross  S e c t i o n s  
( c m 2 >  

2.0 E 00 
4.0 E 00 
6.0 E 00 
8.0 E 00 
1.0 E 01 
3.0 E 01  
5 .0  E 01  
7.0 E 01  
1 . 0  E 02 
3.0 E 02 
5.0 E 02 
7.0 E 02  
1 . 0  E 03 
1 . 8  E 03 

- 

1 . 2  ~ - 1 3  
3.4 E-17 
5 .5  E--17 
7.2 E - 1 3  
8 . 6  E - - 1 7  
1.8 E-15 
2 . 1  E--16 
2 . 2  6-16 
2 . 3  E-15 
2 .3  E-16 
2 . 0  E-16 
1 . 6  E-15 
1 . 3  E-16 
7 . 3  E - 1 s  

3 .1  E-17 
6 . 1  E - - 1 7  
8 . 0  E-17 
9 .5  E - i i  
1 .I E-15 
1 . 3  b - - l&  
1 . 2  E-16 
1.1 E-16 
9 . 9  E-17 
6.6 E-17 
5 . 3  E--17 
4 .2  E-17 
3.7 E-17 
2.0 E.- 1 7  

K.  H ,  Berliner, 1." J .  Morgan, R. V. P y l e ,  and .J. W, S t e a r n s ,  Phys.  Rev. A 8 ,  
2870 (1973) ;  .T.  F. W i l l i a r n r ;  and I). N .  E .  [)unbar, Phys. Rev. 149, 62  (19667-; 
G. W. McCPure ,  Phys.  Rev. -___ 130, 1852 (1363) .  

--- 

Accuracv  : 

-f- 30%. 

. Notes . . . . : 

Large variaLioiis i n  measured d i s s o c i a t i o n  c r o s s  sections have been a b s c r i b e d  
to the influence of H ~ +  i o n s  in high  v i ~ ~ t a t t o n a b l y  exc i t ed  s t a t e s  formed in 
the  i o n  S O l I r c e .  





A.3.22 

Dissociation Cross Sections for the Production of 
H’ and H ~ ’  from :13+ in if2 

E tier gy 
( k e V )  

Cross Sec t ions  
(Can2 1 

4 . 5  E 00 
6.0 E 00 
8.0 E 00 
1 . 0  E 01  
3.0 E 01  
5.0 E 01 
7.0 E 01  
1.0 E 02 
3.0 E 02 
5.0 E 02 
1.0 E 02 
1.0 E 03 
1 .8  E 0 3  

3.2 E-16 
4.3 E-16 
5 . 4  E-16 
6.2 E-15 
9 .6  E-16 
9.4 E-16 
8.5 E-16 
6.7 E-66 
2 .6  E-16 
1 . 7  E-E6 
1 . 3  E-16 
9 . 2  E-17 
5.5 E-17 

2 .3  E-16 
2 .7  E-16 
3.0 E-16 
3 . 4  E-16 
4 , 3  E-16 
3.7 E-16 
2 . 8  E-16 
1.9 E-16 
3.7 E-17 
1.7 E-17 
1.1 E-17 
7.8 E-18 
6.1 E-18 

......_____ ........_I__ .._I 
~ -.- __..-I ... . . .. . 

References:  

K. H. Berkner, T .  3. Morgan, R. V. P y l e ,  and J. W. Steams,  Phys. Rev. A - 8 ,  
2870 (1973) ;  G .  W. McClure, Phys. Rev. 130,  1852 (1953). 

Accuracy: 

f 30%. 

Notes : 

Large v a r i a t i o n s  i n  measured d i s s o c i a t i o n  c r o s s  sections have been ahscr ibed  
t o  the i .nf luence of N + i o n s  i n  h igh  v i b r a t i o n a l l y  e x c i t e d  s ta tes  formed in 
t h e  ion source.  3 
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A . 3 . 2 4  

Cross Seciions for thc Formation of Fast H' aiiil H2' 
from the Dissociation of :I3+ in He and Ne 

Cross Sections 
(Crn2> 

3.0 E 00 
5.0 E 00 
9.0 E 00 
1.0 E 01  
2.0 E 01 
3 . 0  E 01 
5.0 E 01 

OH+ (He  1 OH" (Ne 1 
_ll__-..l .- .I ._ 

2.2 E-17 2 , 6  E-17 
3.6 E-17 4.2 E-17 
4.8 E-17 5 . 6  E-17 
6.4 E-17 7 . 4  E-17 
9.8 E-17 1.2 E-16 
1 . 2  E-16 1.4 E--16 
1.4 E-16 1.8 E-16 

1.7 E-17 
2.8 E-19 
3.7 E-17 
4.8 E-97 
7 .3  E-17 
8 .8  E-17 
1.1 E-16 

2.2 E-17 
3 . 5  E-17 
4.5 E-17 
5.8 E-17 
8.7 E-17 
1.0 E-16 
1.2 E-16 

. ~ . -  I_ . . .... . . . .. . . . . .. . . . . ._. . .- ......... ~ 

. . . _ ~ I _ _  

_Is__ .................. 
I____ .........._I_ 

References: .- 

J. F. W i l l i a m s  and D. N. F.  Dunbar, PAys. R e v .  149,  62 (1966). 

__ A c c u x :  

2 20%. 
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A.3.26 

Cross Sect ions  for ilie Formation o f  H', B2')-, and. (HY0+H0)  
f rom the Dissoc ia t ion  of H3' in Water Vapor 

Cross Sections 
( e m 2 >  

4 . 5  E 00 
6.0 E 00 
8.0 E 00 
1.0 E 01 
2.0 E 01 
4.0 E 01 
5.0 E 01 
6.0 E 01 

1 . 3  E-16 1.1 E-16 
4.5 E-16 1.4 E-16 1.2 E-16 
5.4 E-15 1.. 7 E-16 1 . 4  E-16 
6.3. E-16 2.0 E-16 1 . 5  E-16 
7.4 E-16 3 . 2  E-15 1 . 9  E-16 
6.4 E-16 6.2 E-15 2 .3  E-16 
5.6 E-16 8.2 E-16 2 , 4  E-1.6 

2 . 5  E-16 

Kef erence : 

R. Dagnac, J. Angles,  D ,  R'lans, D. Molina and R. Pradal, C. R. Acad. S e i .  
Paris B ___ 2 7 3 ,  460 (1971). 

Accuracy: 

f 30%. 
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A . 3 . 2 8  

T o t a l  and P a r t i a l  Cross Sec t ions  f o r  t h e  
D i s s o c i a t i a n  of HeIE' i n  iie 

5.0 E 01  
1,o E 02  
3.0 E 02 
5.0 E 02 
7.0 E 02 
9.0 E 02 
1 . 0  E 03  

Enerxx 

5.0 E 07. 
7.0 E 02 
9.0  E 02 
1.0 E 03 

2 . 1  E-16 
3.2 P-16 
2 . 2  E-16 
1.4 E-16 6.4 E-17 3.4 E-17 1 . 9  E-17 
1.1 E-16 5 . 8  E-17 2 .9  E-17 1.5 E - 1 7  
9 .6  E-17 5 .3  E-17 2 .6  E - 1 7  1 . 2  E-17 
9.2 E--17 5.0  E-17 2 . 4  E-17 1.1 h-17 

2 . 4  E-17 1 .5  E-18 1 . 3  E-18 
1 . 0  E-17 1.6 E-18 1 . 4  E.-18 
4 , 3  E-18 1 . 6  E-18 1 . 3  E-18 
3.0 E-18 1 . 6  E - - 1 8  1 . 3  E-18 

References : 

J. W. Stearti, K. H. Berkner, R. V .  P y l e ,  B. P .  H r i e g l e b  2nd M. L. Warrrn, 
Phys. Rev. A 4 ,  1960 ( 1 9 7 1 ) ;  W. D. Wilson, Lawrence Radiation Laboratory, 
Repor t  No. U@L-16308. 

Accuracy: 

Estimated t o  be -204 .  4- 

Note : 

oT is the t o t a l  d i s s o c i a t i o n  c ross  s ec t ion  obta ined  f rom the sum o f  the 
p a r t i a l  cross s e c t i o n s .  
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A . 3 . 3 0  

T o t a l  and P a r t i a l  Cross Sections for the 
Dissociation of BeB' in H, 

.. ... ..... -. .- ___ ......... ..... ........ .... I _ _ ~ . . . - _  .... -. ___...- 

Cross Sec t ions  
(Cm2> 

. ~. . ........ __. ...... ........ 

5.0 E 01 
1.0 E 02 
3.0 E 02 
5.0 E 02 
7 .0  E 02 
9.0 E 02 
1 .0  E 03 

Ene ... r ~ -  I 

5.0 E 02 
7.0 E 02 
9.0 E 02 
1 . 0  E 03 

- 
6.9 E-16 
5.6 E-16 
2 .6  E-16 
1 . 4  E-16 
1.1 E-16 
9 . 1  E--17 
8.6 E-17 

I O(HeO+HO) 

2 . 8  E-17 
1 . 2  E-17 
5.9 E-19 
4.3  E-19 

5 - 9  E-17  2.6 E-17 
5.6 E-17 2.2 E-17 
5 . 3  E-17 2.0 E-17 
h . 9  E-17 1 . 9  E-17 

a (He+t-+H+) 

I . 8  E-18 
1 . 9  E-18  
1 .8  E-18 
1 . 7  E-18 

1 . 6  E-17 
1 . 2  E-17 
1*0 E-17 
9.4  E-18 

0 (Hel-t+HO ) 

1 . 5  E-18 
1,3 E-18 
1 .3  E-18 
1 . 2  E-18 

......... I . .- .... ...... ...... 

References: 

J. W.  S t e a r n ,  K. II. Kerkner, R. V. P y l e ,  B.  Y. Briegleb  and 14. L. Warren, 
Pkys.  Rev. A 4 ,  1960 (1971); W .  D .  Wilson, Lawrence Radia t ion  Labora tory ,  
Report No. LJC%L-16308. 

oT is the  t o t a l  d i s s o c i a t i o n  cross sec t ion  obta ined  from t he  sim of the 
partia ' l .  cross sect  ions.  
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8 . 3 . 3 3  

(Continuat ions)  

Cross Sec t ions  for the Conver i o n  of F a s t  H2* I 

Protons  i n  Passage Through H2 and I I  

ns i n t o  

- ..---- 
a 

Notes: -- 

(1) The, pro ton  product ion c r o s s  qections i s  t h e  sum of the. cross sections 
f o r  the following r e a c t i o n s  : 

( 2 )  The  d i sc repanc ie s  i n  the crass sect ions measured b y  di. Eferent observers, 
particula ly at the lower impact e n e r g i e s ,  probably arise mainly through the 
u s e  of H2 

E I ~  -+H++H and 2 (H~+-+H++H?>. 

f beams having d i f f e r e n t  vibrational energies. 

(3) Fur li-12 target only t w o  measurements have been made above 1 MeV - a t  
3 and 20 M e V .  







A.4.2 

E l e c t r o n  Capture Cross Sections f o r  H I ,  I i D  and H' 

Passing Through Atomic Hydrogen 

Cross Sections 
(em2> 

2.0 E-03 
5 .0  E-03 
7.0 E-03 
1 .0  '13-02 
3.0 E-82 
5.0 E-82 
7.0 E-02 
1.0 E-01 
3.0 E-01 
5.0 E-01 
7.0 E-01. 
1 .0  E 00 
3.0 E 00 
5.0 E 00 
7.0 E 00 
1 .0  E 0 1  
3.0 E 01  
5 .0  E 01  
7.0 E 0 1  
1.0 E 02 
2.2  E 02 

8.2  E-16 
7.7 E-16 
7 . 3  E-16 
5.9 E-16 
5.1 E-16 
4.6 E-16 
4 . 1  E-16 
2.6 E-16 
1.5 E-16 
1 .0  E-16 

3.0 E-18 
5.9 E-18 
9.2 E-18 
1 .3  E-17 
1 . 0  E-17 
3.6 E-18 

5.6 E-15 
5.2 E-15 
5.0 E-15 
4.8 E-15 
4.1 E-15 
3.7 E-15 
3 . 4  E-15 
3.2 E-15 
2.4 E-15 
2 . 1  E-15 
1.9 E-15 
1 . 7  E-15 
1.3 E-15 
1.1 E-15 
9.6 E-16 
8 . 3  E-16 
4.0 E-16 
1.1 E-16 
4.2 E-17 
1 .4  E-17 
5.4 E-19 

_1_1_4-*-- - - - - - - - - - --A- 

References:  

H"+Li: D. G. Uummer, R e  F. S tebbings ,  W, L ,  F i t e ,  L.. M. Branscomb, Phys. 
Rev. 119, 668 (1960). 

IIo+IIQ: G. W. McClure, Phys. Rev. 166, 22 (1968). 

W + I X o :  V. A. Belyaev, B. D. Brezhnev, and E. M. Erastov, Sov. Phys.- 
JETP 25, 777 (1967)); G .  W. McClure, Phys. Rev. 148, 47 (1966); W .  L. 
F i t e , A .  C .  H. Smith and  R. F. S tebbings ,  Prsc. Roy. SOC. (London) -----' A268 
527 (1962); W. L. Fite, R. F. S tebbings ,  D. G. Hummer, and R. T .  Rrackman, 
Phys. Rev. 119, 663 ( 1 9 6 0 ) ;  A. B. Whittkower, G. Ryding, and H.  €3. Gilbody, 
PKCJC. Phys. S O C .  89, 541 (1966). 

_I 

4" 

- 

Accuracy: -. 

-t. 20%. 





+ E l e c t r o n  Capture Cross S e c t i o n s  f o r  II and TI' 

P a s s i n g  Through H2  

5.0 E-02 
1.0 E-01 
2.0 E-OB 
5.0 E-01 
1.0 E 00 
2.1) K cas 
5.0 E 00 
1.0 E 01 
2.0 E 01 
4.0 E 01 
6.0 E 01 
1.0 E 02 
2.0 e (32 
4.0 E 02 
6.0 E 02 
1.0 E 03 
2.0 E 83 
3.0 E 03 

O 1 0  

2.7 E - - 1 7  
4.1 E--4_7 
7.3 E-17 
2.3 E-16 
5.2 E-16 
8.5 E-16 
8.6 E-16 
8 .5  E-16 
6 . 0  E - 1 5  
2.6 E - 1 s  
1.1 E-16 
2.8 E-17 
1 .8  E-18 
5.7 E-28 
7 . 2  E-21 
4.6 E-23. 
1 . 2  E-23 
2 . 4  E-24 

1.2 E-20 
4.4 E-20 
1.7 E-!9 
3.8 E-19 
1.6 E-l-8 
4 .  i ~ ~ - 1 8  
1.0 h-17 
2.5 E-18 
2.2 E-19 
1.0 E-20 
1.2 E-22 
1.3 E-24 
2.4 E-26 
2.6 E-28 

4.5 E-18 
2.1 E-27 
2.2 E-17 
1 .9  E-T7 
9.5 E - 1 8  
5.3 E-18 
2.J. E-18 
1.4 E-19 
6.0 E-21 

References:  

4- V E: +H2+Ho: Y u .  A .  Mamaev, and 14. N. ?2pIQY, 

Sov. Phys.-JETP 29, 648 (1969) ;  J. Ahbe and .I. Adl-off ,  Bull.. S O C .  C h i m .  
France 5, 121.2 ( 3 6 4 ) ;  C. F. Barnett and 3. K. Reynolds, Phys. R e v .  E, 
355 (1958); K.  B. Berkner, R. V. P y l e ,  and J .  W. Stearns ,  Nuc. Fus ion  10, 
145 (1970);  W. H. Cramer, J. Chem. Pliys. 35, 8.36 (1961);  K. Curran,  T. M. 
Donahue, and W. H. Kasner, Phys. Rev. Il(a, 490 (1.959); P .  .J. de Eke~- ,  
J. Schottt2t-t and pi. Mouskafa, Physica 32, 1766 (1.966); J .  Desesquelles, G .  D .  
Cao, and M. Dufay Compt. Rend. ___- 262B, ' 3 2 9  (1966); Y a -  M. F o g e l ,  L. I. Krupnik,  

Panov, Sov. Phys.-Tech. P1iy.s. 2, 6 5 6 . - ( 1 9 6 4 ) ;  0 .  I Io l l r i che r ,  Z. Physik ... 1 8 7 ,  . . .. . . .. 41 
(1955);  D.  14'. Koopman, Phys. Rev. 79 (1967) ;  P. L e  Kibe, Phys. Rev. z?-, 
123.7 (19.51); P. M. S t i e r  and C. F. Barnett, Phys.  Rev. LOA, 896 (1956); 
ir'. Sehryber, B e l .  Phy. A c t .  ___ A 4 0 ,  1023 (19673;  F. Schwirzke, Z .  Phys ik  __c 157 ,  
510 (1960); L. 11. Welsh, K. 11. Berkner, S. N. KapPan, and R. V. PyPe, Phys. 
Rev. 1.58, _.._ 85 ( 1 9 5 7 ) ;  .J. B. H. Sredeford and J. H. Hasted, P r o c .  Roy S O C .  
(London) A227, 466 (1955); J. F. Wi l l tam,  Phys.  Rev. _____ 179, 240 (1369);  
L.  N. Toburen, M. Y .  Nakai: and R.  A. Langley, Phys. Rev. 171, 114 (1965). 

Y .  V .  Afrosimov, G. A .  T,elko 

and B. G. Safronov, S O ~ .  E'ny~.-JE'r'1' I, 415 (1955);  Yu. S .  Cordee~i and M. N. 

(Continued at elrid of chapter) 
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A . 4 . 6  

E l e c t r o n  Capture Cross S e c t i o n s  f o r  11’ and Ho 

Pass ing  Through Helium 

cross S e c t i o n s  
( em2 ) 

2.0 E-01  
5.0 E-01 
1 .0  E 00 
2.0 E 00 
5.0 E 00 
1°C) E 0 1  
2,O E 01  
5 .0  E 0 1  
1 .0  E 02 
2.0 E 02 
5.0 1.: 02 
1.0 E 03 
2 . 0  E 03 
5.0 E 03 
1 . 0  E 04 

1.5 E-18 
2.9 E-18 
5.2 E-18 
1.0 E-17 
3 .1  E-17 
1.0 E-16 
2.1. E-16 
1.1 E-1.6 
3 - 0  E-17 
3.3 E-18 
8.3 E-20 
3.6 E-21 
1.1 E-22 
8 , s  E-25 
1 . 4  E-26 

1.6 E-21 
4.7 E-21 
2 . 3  E - 2 0  
1.0 E-19 
3.5 E--19 
5.0 E-1-9 
3.3 E-20 
1 .0  E-21 

5.4 E-a9 
2.3 E - I 8  
4.8 E-48 
6.6 E-3.8 
4.7 E-18 
1.3 E-18 
2 . 3  E-19 
1.0 E-20 

R e  €e r en c ex: 

€?+He+Ha: 
Sov. Phys.-Tech. Phys. 14,  109 (1969);  S .  K. A l l i s o n ,  Rev. Mod. Phys. 30, 
1137 (1958); C. F. B a r n z t  and 8 .  K.  Reynolds, Phys. Rev. ~ 109, 355 (19%); 
K. A. Berkner, S .  N. Kaplan, G. A .  Paulikas, and R. V. Py le ,  Phya. R e v .  1 4 0 ,  
A729 (1965); L.  C o l l i ,  F. C r i s t o f o r i ,  G. E.  F r i g e r i o ,  and P .  G .  Stone, Phys. 
L,etters 3 ,  52 (1962);  F. J. d e  Heer, J. Schut ten ,  and H .  Moustafa, Physica 
- 32, 1766-(1966); J. B. I I .  S t e d e f o r d  and J. B .  Hasted,  Pror,. Roy. SOC. (London) 
I__IL_ 227A, 466 (1954); J .  Desesquelles, G. D. Cao, and M. Dufay, Compt. Rend. _. 262R, .. 
1329 (1966); U. Schryber,  Hel, Phy. Act. I_ A 4 0 ,  1023 (1962); P .  M. S c i e r  and 
C.  F. Barnet t ,  Phys. Rev. 103, 894 (1956); L.  H. Toburen and M. y. Nakai, 
Phys.  Rev. - 177, 191 (1969);  L. M. Welsh, K.  H. Eerkner, S .  N. Kaplan ,  aad 
R. V. P y k ,  PZnys. Rev. - 158, 85 (1967); .J. F. Will iams, Phys, Rev. 157, 97 
(1967) .  

H++HE?-tII-: 
M. Fagel ,  SOV. Phys.-usp. 2, 390 (1960) ; U. Schryber,  He l .Phy .  A c t .  e, 1.023 
(1967); L.  H. Toburen and M. Y .  Nakai,  Phys. Rev. - 177,  191 (1969);  J. P. W i l l i a m s ,  
Phys. Rev. 150, 3 (1966). 

V.  V .  AfrosiPnnv, Yu. A .  Mamaev, M. N. Panov, and N. V. Pedorenko, 

V. F. Kozlsv and S. A. Bonder, SOY. Phys.-JET? 23, 1.95 (1966);  Ya. 

(cont inued a t  end of chapter) 
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A.4.8 

E lec t ron  Capture Cross S e c t i o n s  fax H' and €Io 

Pass ing  Through N2 

Cross Sections 
( c m 2  1 

5.0 E-02 
7.0 E-02 
1.0 E-Q1 
2.0 F:-01 

7.0 E-01 

2.0 F 00 
4.0 E 00 
7.0 E 00 
1.0 E 01 
2 - 0  E 01 
4.0 E 01  
7 . 0  'F: 01 
1 . 0  E 02 
2 . 0  E 62 
4,O E 02 
7 .0  E 02 
1.0 E 03 
2.0 E 03 
4.0 E 03 
7.0 E: 03 
l - 0  E 04 
2.0 E 04 
4 , O  E Oh 

4.a E-QI 

1.0 E ao 

0 0 - 1  

3 . 3  E-17 
4 .1  E-17 
5.5 E-17 
1 .0  E-16 
2.1 E-16 
3 .8  E-16 
5.7 E-16 
1 . 0  E-15 
l . 2  E-15 
1.1 E-15 
1.1 E-65 
7.8 E-96 
4.0 E-16 
1 . 9  E-16 
l.0 E - i 6  
1 .5  E-17 
1.2  E-18 
1.8 E-19 
5 .9  E-20 
6 . 5  E-21 
4 , l  E-22 
2 . 7  E-23 
4.5 E-24 
1 .5  E-2.5 
5.0 E-27 

1.5 E-17 
2 . 3  E-17 
2.9 E-17 
2 . 0  E-17 
8.5 E-18 
5.4 E--18 
1.8 E-18 
4 = 4  E-19 
8.0 E-20 
1 . 2  E-20 
3.6 E-21  

6.9 E-18 
4 . 9 E--- 1.8 
1.8 E-18 
4.9 E-19 
1 . 7  E--1.9 
5.0 E-21.. 
7.8 E - 2 3  
3.4 E-24 
6 .5  E--25 

.References: 

4. H f N Z - f H " :  
G .  Tag l io fe r r i ,  Nuovo Cirnento I_ 50B,  176 (1967); S ,  R. A l l - i s o n ,  Rev, Mod. Phys, 
c 30, I137 (1958);  C.  F.  Barnett and H ,  K. Reynolds, Phys. Rev. 109, 355 (1958);  
E. J.  d e  Heer, J .  SchuLten, arid H. MoustaEn, Phys ica  3 2 ,  1766 (1966);  M. Dufay, 
J. Desquelles, M. U r u e t t a ,  and M. E ide l sbe rg ,  Ann. Geaphys, 22 ,  614 (1966);  
II .  R .  Gilbody and J. Pr. Hasted,  P r o c .  Roy. SOC, 238,  334 (19%); D, W .  Koopman, 
Phys. Rev. 166, 57 (1968);  R. J. M c N e a l  ,ant1 13, C. Clark, J ,  Geophys. R e s .  7 4  
5065 (1969);. Schryber ,  Helv. Phys ,  A c t a  40, 1023 (1967);  1 ,  M. Stier a n r '  
C .  E .  Barnett, Phys, R e v .  -- 103, 896 (1956); L .  W .  Toburen, M. Y .  Nakai, and X, A .  
Langley, Phys. Rev. _- 1 7 1 ,  114 (1968);  M. Welsh, K. H. Ber'xner, S. N. Kaplan, and 
R. V.  P y l e ,  Phys, K e v .  -.... 158, . 85 (1967). 

E .  Acerbi,  M. C a s t i g l i o n e ,  G. Dut to ,  F. Resmini, G. S u c c i ,  and 

(cont inued a t  end of chapter )  
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A . b . 1 0  

E l e c t r o n  Cap tu re  cross Sec t i cns  fer  IT+ and 

2 11" Pass ing  Through 0 and 0 

Cross Sec t ions  
(Crn2)  e 

5.0 E-02 
7.0 E-02 
1 . 0  E-01  
2 .0  E-01  
4.0 E-01 
7.0 E-01 
1 .0  E 00 
2 . 0  E 00 
4 , 0  E 00 
7.0 E 00 
1 . 0  E 0 1  
2 , o  E 0 1  
4.0 E 0 1  
7.0 E 01. 
1 , o  E 0 2  
2 .0  E 0 2  
4.0 E 02 
7.0 E 0 2  
1 . 0  E 03 
2 . 0  E 03 
4.0 E 0 3  
7.0 E 03 
1 . 0  E 04 
2.0  E 04 
4.0 E 04 

H + + o p I P  

1 . 4  E-15 
1 . 6  E-15 
1 . 8  E-1.5 
1 . 8  E--15 
1 . 5  E-15 
1 . 3  E-15 
1.1 E-15 
9.9 E-16 
9 .5  E-16 
8.6 b--1.6 
7 .9  E-1s 
5 .7  E--16 
3.4 E-16 
1.8 E-16 
E - 1. E-. 16 
2 . 1  E-17 
1 .6  E-7.8 
2 .4  E-19 
7.5 E-20 
6.3 E-21. 
5.0 E--22 
3.5 E-23 
6.5 E-24 
2.3 E-25 
1.1 E-26 

9 . 8  E-16 
9 .5  E-16 
9 . 1  R-16 
8.7 E-16 
8.5 E-16 
8.3 E-16 
7.9 E-16 
7.6 E-16 
7 . 7  E - l 6  
6 .9  E-16 

1 . 8  E-17  
2-2 E-17 
2.1 E-E7 5.7 E-le, 
1 . 6  E-17 4 . 1  E-18 

References: 

H++O~*HO: E .  Acerbi ,  M. C a s t i g l i o n i ,  G.  u u t t o ,  F. Resrnini, G. S u c c i ,  and 
G. T a g l i o f e r r i ,  Nuovo Cimento - 50H, 176 (1967); S .  I(. A l l i s o n ,  Rcv. Mod. Phys. 
- 30, 1137 (1958); F. J .  de H e e r ,  J. Schut ten ,  and  H. Moustafa, Physica 32, 
1766 (1966); 3. Desquel les ,  G.  D .  Cao, and M. Dufay C o ~ p t .  Rend. 262K, 
1329 (1966) ; $1. Dufay,  Ann. Geophys. 2 2 ,  641  (1966) ; 0 .  FJ. Koopman, Phys.  
R e v .  lXjXj9 57 (1968);  L. H .  Toburen M T Y .  Makai, and R. A .  Langl-cy, Phys. 
Rev. 1 7 4 ,  114 (1968);  U. Schryber ,  H ~ l v .  Pbys. A c t a  4 0 ,  1023 (1967) ;  
R. F. S tebbings ,  A.  C. H. Smith, ant1 H .  Ehrhartltr, J. Ge~phys. Kes. 69, 
2349 (1964); P .  M. S t i e r  and C. F. R a r n e t t ,  Phys, Rev. 103, 896 (195x). 

I__ 

II - I_ 

(cont inued a t  end of chapter )  
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A.4.12 

4- Electron C a p t u r e  C r o s s  Sections f o r  H and Ho 

P a s s i n g  Through Ne G a s  

01-1 .. ...... ... 

4.0 E - 0 1  
7 .0  E-01 
1 .0  E 00 
2 .0  E 00 
4.0 E 00 
7.0 E: 00 
1.0 E 0 1  
2 .0  E 01. 
4.0 E 01  
7 .0  E 01 
1 . 0  E 02 
2 .0  E 07. 
4.0 E 02. 
7.0 E 02  
1 . 0  E 03 
2 .0  E 03 
4.0 E: 03 

8 .6  E-1.8 
2 . 1  E-17 
3.5 E--47 
8 . 8  E--17 1 . 7  E-18 4 . 3  E-20 
1.8 E--16 6 .0  E-18 1 . 7  E-19 
2.8 E-16 1 . 3  E-17 4.4 E-19 
3.0 E-15  1.5 E--17 7.2 E-19 
2 . 3  E-15 1.1 E--47 6.0 E-19 
1 . 3  E-16 4.5  E.-18 1 . 5  E-19 
7 .6  E-1.7 
4 , 7  E-1.7 
1 . 4  E-17 
2 , l  E-1.8 
2.6 E-19  
5 .0  E-20 
4 , 2  E-21 
3 .2  E-22 

. . .. . . . . . . .. . . -___. _.l...._...._._l..__ ~ 
I 

References . : 

&+Ne+Ho: V. V. Afros imov,  R. N .  L:L'in, and E .  S .  Solov'ev, Sov. Phys.-  
Tech. Phys.  5 ,  661  (1960);  S .  IC. A l l i s o n ,  Rev. Mod. Phys .  30, 1131 (19.58); 
P. J.  de  Hesy, J .  Schu t t en ,  and  H, Moustafa, P h y s i c a  ._ 32,  1.=6 (1966) ;  
J. B.  H.  S t e d e f o r d  and J. R .  H a s t e d ,  PTOC. Roy. SOC. (TAondon) -9 A227 466 
(1955) ;  P .  M. S t i e r  and C.  F. Bamett ,  Phys .  Rev. 103, 896 (1956) ;  U. 
Schryber, Helv. Phys .  Acta 4 0 ,  1023  (J-967); J. F. W i l l i a m s  and 13. N .  F. 
Dunbar, Phys.  Rev. .-. 1 4 9 ,  _. .- 62 (1966) .  

HO-tNe>H-: S .  K.  Allison, Rev. Moil, Phys. 30, 1137  (1958); P.  M .  S t i e r  and 
C.  F. Barnect,  Phys .  Rev. 103 ,  896 ( 1 9 5 6 ) ; J .  F. William, Phys.  Rev. E, 
1 1 7  (1967) .  

H++Nc+H-: S.  K.  A l l i s o n ,  Reo. Mod. Phys. 30, 11'37 (1958) ;  V.  F. Kozlow and 
S .  A ,  Bondar ,  Sov. Phys.-JETP 23, 195 (196s); Y a .  M.  P o g r l ,  R.  V. Mitin, 
V. F. KOZ~OW, and N .  D. Romashko, Sov. PhyS.-JE'I'P S, 390 (1959); J. F. 
Williams, Phys .  Rev. I_ l.50, 7 (1966) .  

Accuracy-: 

0 1 0  - _c 20% 0 . 0 - 1  -- + 25% 01-1 = unre l iab le  data. 

Notes : 

0 1 0  has n o t  been measured betxeen 200 keV and 1 MeV.  
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A .  4 . 1 4  

Electron Capture Cross  Sections f o r  H+ and €lo 

P a s s i n g  Through A r  

cross S e c t i o n s  
(cm2) 

7 .  0 E--02 
1 . 0  E-01  
2 .0  E-01 
4 .  0 E- -01  
7 .0  E - 0 1  
1 . 0  %: 00 
2.0 E 00 
4 ' 0  E 00 
7.0 E 00 
1 .0  E 0 1  
2.0 9 0 1  
4,O E 01 
7 .0  E 03. 
1 . 0  E 02 
2 . 0  E 02 
4.0 E 02. 
7.0 ti; 02. 
1 .0  E: 0 3  
2 . 0  E 03 
4.0 E 0 3  
7 . 0  E 03 
1.0 F 04 
2-0 k? 04 
4,O E 04 

3.2 E--17 
5 . 6  F-17 
1 . 6  E - 1 5  
4,O E-16 
7 . 2  72-16 
9.3  E--15 
1 . 3  E-15 
1 .5  E-1.5 
1.b E-15 
1.2 E-15 
8 .2  E-15 
4 . 6  E - 1 5  
2. 3 E--16 
1.1 E-16 
8.8 E-18 
6 . 3  E-19 
1 . 9  E-19 
8 . 0  E - - 2 0  
1.1 E-20 
7.5 E-22 
7 . 9  E-23 
1 . 9  E-23 
1 . 2  E-24 
7.2 E--26 

8 . 7  E-19 
2 . 2  E- l8  
2 . 3  E . - 1 8  
1 . 9  E - 1 8  
4 .2  E-18 
3.2 E-18 
6.0 E.--18 
1.1 E-19 
1.5 E-21. 
5.0 E-23 
5 . 4  E-ZL 
1 . 7  E-24 

4 . b  E-17 
3 . 6  L-17 
2 .7  E-17 
2.2 E-17  
1 . 2  E-11 
6 . 0  E-18 
2 .5  8-18 
1 . 3  E-18 
2 . 5  E-'19 
4 . 6  E-20 
8 . b  F-21 
6 . 0  b - 2 1  

Refe rences  : 

H +Ar-+Ho:  V .  V .  Afros imov,  Y u .  A .  Manaev, M. N .  Panov, V .  UroskevTsh, 
Sov. Phys.-Tech. Phys. 12, 512 ( 1 9 6 7 ) ;  V .  V .  Afros imov,  R. N .  Ili;, E .  S .  
Solov6v, Sou. Phys.-Tech. Thys. - 5, 6 6 1  (1960) ;  E .  Ace rb i :  Pl. C a s t i g l i o n i ,  

G ,  D u t t o ,  F. R e s m i n i ,  G. S u c c i ,  and G T a g l i a - f e r r i ,  Nuovo C i r n m L o ,  JgB-, 
176 (1967);  C. F.  Baudett and H. K. Reynolds ,  Phys .  Rev. 109 ,  355 (1958) ;  
K.  H. Berkner, S .  N .  Kaplan, G .  A. P a u l i k a s ,  and R .  V .  Py-le,  Phys. Rev. 
__ 140, A729 ( 1 5 6 5 ) ;  L .  M. Wel.sb, K. H. Berkner: S.  N .  Kaplaii, PJ. Selig, and 
R.  V .  P y l e ,  Phys.  R E J .  1 5 8 ,  85  ( 1 9 6 7 ) ;  P .  M. S t i e r  and C. F. Farnett, Phys. 
R e v .  lO3-, 896 ( 1 9 5 6 ) ;  Yu-;--S. Gordeev and N. N .  Panov,  Sov. Phys.-Tsch. Phys .  
-- 9, 656 ( 1 9 6 4 ) ;  F.  J. d e  Heer, J .  Schui:t:en, and H. Muusstafa: Physica - 32, 
1766 (1966) ;  D .  W .  Koopman, Phys.  Rev. z, 79 ( 1 9 5 7 ) ;  G.  Monrxom, R e p o r t  
#EUR-CEA-FC-762 (1975) ;  U. Schryber, Helv. Phys. Acta 4 0 ,  1023  ( 1 9 6 7 ) ;  
L.  11. T o b u r m ,  M. Y .  N a k a i ,  and R. A. Tangley ,  Phys. Rev. 171,  114 (1968) ;  
J. F. W i l l i a m s  and D .  N .  F. Dimbar, Yhys. R e v .  . 149, . . . . .. . - 62 (196fi); P .  M.  Stier 
and C .  F. Rarnett, Phys. Rev. 103, 896 (1956).  

~~ 
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A .  4 . 1 6  

~ ~ e c t r s n  captitre Cross Sec t ions  f o r  H+ 

i n  H 2 0  arid CH 
4 

Energy 
(ke'V) 

Cross Sect ions 
(mi2) 

5.0 E--02 
7.0 E-02 
1.0 E-01 
2.0 E-01 
5.0 E - 8 1  
7 . 5  E-01. 
1.0 E 00 
2,c )  E 00 
5.9 e 00 
7 .5  E 00 
1.0 E 01 
2.0 E 01 
5.0 E 01 
7 . 5  E 81 
1.0 E 02 
2 -0  e 02 
5.0 E 02 
7.5 E 02 
1.0 E 03 
2.5 E 03 

"10 ___ 

H"-+B O-+H 

3.0 E-15 
2.9 E-15 
2.8 E-15 
2 . 5  E-15 
2 .3  E - I 5  
2 . 2  E-15 
2 .1  E-15 
1.8 E-15 
1 . 4  E-15 
1 . 2  E-65 
l e 1  E-15 
7.6 E-16 
3.5 E-16 
1.8 E-16 
9.0 E - 1 7  
1.1 E-17 
4 - 3  E-$9 
9 .2  E-20 
3.4 E-20 
1 . 6  E - 2 1  

3.8 E-15 
3.8 E-15 
3.6 E-15 
3 .1  E-15 
2.8 E-15 
2,7 E-15 
2.2 E-15 
1.7 E-15 
1 . 5  E-15 
1 . 3  E-15 
9.3 E-16 
4.5 E-16 
2 . 4  E-16 
1.0 E-1% 
8.0 E-18 
2 .9  E-19 
7 .4  E-20 
3.0 E-20 
1.1 E-21 

References: 

H'+H W H O :  K. H. Berkner, W. V. P y l e ,  and J. W.. Steams, Nucl .  Fusion 10, 
145  fP970) ;  E. S. Chambers, Report  No, UCRL-14?14 ( 1 9 6 5 ) ;  M. A. CopPan and 
K. W. Ogi lv i r ,  J. Chem. P'nys. 52, 4154 (1970);  R.  Dagnac, D. Blanr, and 
D ,  Molina, J. Phys. B. - 3 ,  1239 (1970); I). W ,  Koopman, Phys ,  Rev. 166, 57 
(1968); L. W. Toburen, M. Y .  Nakai, and R. A .  Langley, Phys.  Rev. 1 7 1 ,  114 
(1968). 

I-: +Ct: +I$': K. El,. Berknpr, R. V. P y l e ,  and J. W, Stearns, N u c l .  Fusion 19, 
145 ( f 9 7 0 ) ;  E. S .  Chambers, ReporL No. UcRI , -1k? l lh  (1955);  J.  G.  Col l in s  and 
P. Kearbarla, J. Chem-. Phys. 6 6 ,  1087 (1967) ;  J.  Tksesquelles, G. U. Cao, and 
M. Dufay, Compt.  Rend. m g 2 - f 3 2 9  (1966); D. Id. Koopman, J. Chem Phys. 49, 
5203 (1.968); K. J. McNeal, J. Chem. Phys. 53, 4308 (1970); L. H.  Toburen, 
M. Y. Nakai, and X. A .  Langley, Phys. Rev. 1_7_1_, 114 (1968). 
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A.4.18 

Eieetron C a p t u r e  Cross  Sec t ions  f o r  

I1 i.n CO and CO 
I- 

2 

....... .... . ........... ........ ... . .- 
~ I ............ ....... ___ .................... .......... - l_-l____l_ 

Energy C r o s s  Sec t i -ons  
(keV) ( 0 2  > 

2 . 5  E-02 
5 . 0  E-02 
7.5 E-33 
1.0 E-01 
2 . 0  E-81 
5 .0  E-01 
7 . 5  E- -01  
1 .0  E 00 
2.0 E 00 
5.0 E 00 
7.5 E 00 
1.0 E 01. 
2 * 0  E 91 
s.O E 01 
7.5 E 01 
1.0 E 02 
2 , O  E 02 
5.0 E 02 
7 . 5  E 0% 
1 . 0  E 07 
2.5  E 03 

__ 0 1 0  

H"+CO+Ho 

4 - 7  b-15 
7.7 E-16 
l.@ E - 1 5  
1 .3  E-E5 
1 . 7  E-15 
1 . 9  E-15 
1.8 E-15 
1.8 E - I 5  
1 . 7  E - 1 5  
1 .3  E-15 
1.1 E-15 
1 .0  E-15 
6.8 E-16 
7.5 E-16 
1 . 3  E - 1 6  
7 .9  E - E 7  
1 .5  E-17 
6 .5  E-19 
l . 8  E - 1 9  
6.7 E-20 
3.0 E-21 

..... ~ 

- 011 

H%CQ p H o  

2.9 E-45 
2.8 L-15 
2 .7  E-15 
2 .4  E-15 
1.9 E - 1 5  
1 . 7  E - 1 5  
1. 5 ti-15 
l . 3  E-15 
1.1 E-15 
1 . 0  E-15 
9 . 4  E-16 
1.5 E-16 
3.8 E-15 
2.3 E-15 
1 .6  E-16 
2.5 E-17 
1.1 E-18 
2.6 E-19 
9.0 E-20 
3.6 E-?I 

References : 

EI'+Co+-Ilo: K. H. Be~liiiei-, R. V. P y l e ,  and .T .  N. Stearns, Nucl .  Fusion I(?-, 
1 h 5  (1970) ; E.  S ,  Chambers , Report No. UCRL-14214 (1965) ; J.  Desesquclles 
G.  13. Cao, and M. Dufay, Coinpt. Rend. . .- 2633, . 1328 (1956); H .  B .  Gilbody and  
J. B. H a s t e d ,  Proc.  Roy. SOC. Londoa 2388,  334 (1956); E.  Gustafsson and 
and E .  T,iculholm, Ark. F y s i k ,  ll.l 18,  2 1 9  (1960);  K .  J .  McNeal, J .  Chem. Phys .  
-- 53, 4308 (1970);  M. C .  T o u l i z a c ,  J .  Desesquelles, M. Diifay, Ann1.s. 8si ; rophys 
30 ,  301 (1967); T,. B. Toburen,  M. Y .  Nakai., and R. A. L a n g l e y ,  Phys.  Rev. 
1 7 1 ,  110 (1968) .  

___l_.l__ ....... 
.L 

x++CO2-!I0: M. A. Coplaii  and  K .  W.  O g i l v i e ,  J.  C h e m ,  Phys .  52, 4154 (1 .970) ;  
.I. Desesquellps,  G .  D. Cao, M. Dufay,  C o m p t .  Rend. 2 2 %  13% (1965) ;  D.  W.  
Koopman, Phys .  Rev. 166, -_ - 5 7  (1368); R. J.  McNeal J .  Chem. Phys.  513, !+308 
(1979); T,. H.  Toburer;, M. Y. Nakai, and  R. A. L a n g l e y ,  Phys ,  KFV. L71-> 114 (1968). 

N ~ t t e :  K. H. Rerkner, et al-. resu l t s  are f o r  i n c i d e n t  D".  D a t a  i s  plotted a t  112 E. 

Accuracy;  

Ni+CC+Ha: * 10% 

H'+C02'HE: ? 20%- Below 1 keV u t x e r t a i n t y  is l a r g e .  
I 
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A .  4.20 

Elec t ron  C a p t u i e  Cross Sec t ions  of H‘ I.n X.i V a p o r  

1.0 E 00 
2 - 0  k: 00 
4 . 0  E 00 
7 . 0  E 00 
1 . 0  E 01 
2 ” O  E 0 1  
4.0 E 01 
7 . 0  E 01 
1.0 E 02 
2,o E 02 
4 ,o  E 02 

- 
d-+Li+I $“.;Ti- + ~ -  

2 - 3  E- -15  9 .5  E-18 
4.2  E-15 7 - 4  E-17 
8 .2  E--15 5 .5  E-17 
5 . 3  E-15 5.8 E-17 
3.0 E-15 2 . 8  E-17 
2 . 9  E-15 2 . 0  E-18 
4 . 1  E-17 
2 . 2  E-17 
1.1 E 1 7  
2 . 6  E-18 
6.0 E-19 

..... References: 

f 
Ti l-TAi-+Ho: 13. A. D’yachkov, Sov. A t o m .  Energy 27,  958 (1969) ;  W. GrGebler, 
P.  A.  Schrnclzbach, V.  K%ig and P .  Narniier, €I&. Phys. A c t a .  _- 4 3 ,  254  ( 1 9 7 0 ) ;  
R. N .  Il’in? V .  A. Oparin, E. S. Solov’ev, and N. V .  Fedorenko, S O ~ .  P h y s . -  
Tech. Phys.  11, 92 ( 1 9 6 7 ) .  

H b-Li- tK:  U. GrGebler, P. A. Schmelzhach, V. Kb;nig, a n d  F.  Mamie?-, Helv. Phys. I- 

Acta .  - 4 3 ,  254  (1970) .  

Accuracy: 
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A.4 .22  

Eleiatron Capture  C ~ G S S  Secrions f o r  

H in Na Vapor + 

__ Energy 
(keV) 

cross Sections 
( Crn2 3 

5.0 h-81 
7.6 E-01 
1.0 R 00 
2.0 E A  00 
4.0 E 06 
6.0 b 00 
8.0 E 00 
1.0 E 01 
2.0 E 01  
4.0  E 01 
6.0 b 01  
1 . 0  E 02 
1.8 E 02 

51-1 
I -+ H ' +Na-tlJ0 +Na-tIj'' 

2.7  E-.-15 
3 . 3  E-15 3 . 8  E-17 
4 - 4  E--15 6 . 5  E-17  
8 . 3  E-15 1 . 9  E-15 
1.2 E - l b  5 .0  E-1.6 
8.0 E-15 4 ,  2 F-16 
4.2 E-1-5 2 .3  E-1.6 
2-2 E-15 1.4 E.-16 
3.2 E-1.6 
7 . 5  E-17  
5.0 E-17 
3.7 E-17 
2.1 E-1.7 

-+ H .!-Nn 
Phys I 
N. V. 

%': W. GrGebler, P .  A.  Schmelzbach, V.  K&ig and Y .  Ma-rtnier, I1cl.v. 
Acta.  4 3 ,  2 5 4  (1978); K. N .  Xl'in, V. A .  Oparin, b.  S .  Solov'ev,  and 
F ~ d o r e x o ,  Sov. Phys.-Tech. Phys .  11: - 921 (1967) .  

9 B +Na+Il-: W. G r i k b l e r ,  P.  A. Schmelzbarh, V. Kznig, ant1 P .  Marmier, Hclv. 
Phys. Acta. _I_._ 4 3 ,  2 5 4  (1970) .  

Accuracy : 
_II__ 

IJnk-inown 



A. 4.23 

ro-' 2 5 4oo 2 5 4 0' 2 
E Pd E RG Y I keV1 

5 



Elec t run  Capture Cross Sections of H+ i n  K Vapor 

.......... ~_-.-..-_I__ -.-I - ~ -- ..-..-_I .__-^ll____ ^ . _ . _ _ _ _ _ _ I _ ~  ..__._I_ ___ ......... .._.____ 

Energy 
(keV) 

cross S e c t i o n s  
( e m 2 >  

6 . 0  E-01 
1 . 0  E 00 
2 . 0  E 00 
4.0 E 00 
7 .0  E 00 
l . .O E 01 
2.0 E 0 1  
4.0 E 01  
7.0 E 01  
1 .0  E 02 
1.8 E 02 

........... 

H++K+Ho 

5. 2 E--1 5 
7 . 4  E-15 
9 . 5  E-15 
7.8 E - - I 5  
4 . 5  E-15 
2.5 E--15 
6 . 9  E-16 
3.7 E--1.6 
2.4 E-I6 
1.2 E-P6 
2.6 h-17 

ql-2 
i'--+K+Zi- 

2.2. E-17 
3.2 E-17 
4.0 E-17 
3 * 4  E-17 
2.1 E-17 
1 . 3  E-17 
3 . 4  E-18 

......... ..... - .- ~ - .- ~ ............... .. .. ..----- -. 

References : 

B'+K+lI": 
Phys. Acta. 4 3 ,  254 (1970); R. N .  I P ' i i n ,  V .  A. Oparin,  E.  S .  Solov'ev, and 

W. Griiebler, P .  A .  Schinelzbach, V .  K&ig, and F. Maimier, Helv. 

N .  V. F e d o r e Z o ,  SOV. Fhys.-Tech. Phys. - 11, 921 (1967) .  

E.I'+K+H-: 
Phys. Acta. - 4 3 ,  254 (1970). 

W. GrGebler, P. A.  Schmelzliach, V. Kb'nig, and P. Marmier. He1-v. 

Accuracy : 

IJnknown * 
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A.4.26 

F l e e t r o n  Capture Cross  Sections f o r  

I-: in Mg Vapor 
I- 

Cross S e c t i o n s  
(CTI2) 

5.0  E: 00 
7.0 E 00 
1.0 E 01 
2.0  E $1 
4.0 E 01  
7.0 E 01  
1 . 0  E 02 
1.8 :E 02 

1 .5  E-15 
2 . 1  E-15 
1.8 E-.lS 
6 . 3  E-16 
7 . 2  E-17 
1 . 6  E-17 
1 . 2  E-17  
9 . 6  E-18 

1 .0  E-16 
8.6  E-1.7 
6 . 3  E-17 
2.0 E-17 
3 . 4  E--18 
1.1 E--18 

References: I 

H++Mg+Ho: 
248 (1969)  ; A. H. Futeh and K. G. Moses, 5 th  Int. Csmf. Elect. A t o m .  
Coll., p. 12, Leningrad,  USSR (1.957); R .  N .  Il'in, V .  A .  Oparin,  E.  S. 
Solov'ev, and N. V. Fedorenko, Sov. Phys.-Tech. Phys. &19 921 (1967) .  

H +Mg+H : K. S I .  Berkner,  R. V. P y l e ,  and J .  W. Scearns, Phys. Rev. 
178, 248 (1969). 

K. H. Berkner, R. V. Pyle, and J. W .  Stcarns, Phys. Rev. . 178, . . , . .- 

- c 

Unknown. 
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A.4 .28  

cross Sect ions  
( cn2) 

2 , 5  E - 0 1  
5 . 0  E-01 
7 . 0  E-01 
1 .0  E 00 
2 . 0  E 00 
4 . 0  E 00 
7.0 E 00 
1 .0  E 01  
2 . 0  E 0 1  
4 , 0  E 01 
7.0 E 0 1  
1 .0  E 02 
1.8 E 02  

1.. 0 E-14  
9.4  E--15 
8 .7  E-15 
7.2 E-15 
5.3  E-15 
3 . 7  E-15 
2.8 E-15 
1.. 5 E-15 
9 .3  E-16 
3.2 E-16 
2.0  E-16 
3.2 E-17 

3.8 E-16 
3.4 E-15 
2 . 9  E-16 
2 . 3  E-16 
1 . 4  E-1.6 
7.2 E - l ?  
3 .7  E-17 
2 .h  E-17 

1 . 0  E-16 
7.4 E-17 
5.0 E-17 
4,7  E-17 
2*8 E-17 
1 . 3  E-17 
4.2 E-18 
1 .5  E-18  
1.4 E-19 

........... _..______ ................. ______ --.. ......... ........... _..__________ ............. ...... c__ 

References: 

II +Cs-+H0:  b?. Griiebler, 1. A .  Schrnelzbach, V. KGnig, and I?. Marmier, Helv. 
Phys. Acta. 4 3 9  254 (1970) ;  R. N. T l ' i n ,  V .  A .  Opari iz ,  E. S.  SoJ .o~~ ' t i v ,  and 
N .  V .  Pedor&09 Sov. Phys.-Tech. Phys. ].I., 9 2  (1.967); A .  S ,  Schlachte~: ,  
P .  J. Bjorkhslm, D. H. Loyd, L .  W. Ander-szn ,  and W. Haeberl i ,  Phys.  'Rev. 
I_ 1 7 7 ,  184 (1969) ;  G.  S p i e s s ,  A. Valance, an.d P .  Pradd, Phys. Rev. A 4 ,  
746 (1972); V.  N .  Tuan, @. Gautherin,  and A.  S.  Schlachter, Phys. R e v .  A 
- 9,  1242 (1972). 

I...I ~ ...... 

-!- 

Ho+Cs+H-: C. Cisneros ,  T .  Alvarez: C .  F. Barnel t  and J. A .  Ray, Phys. Rev, 
A , ( 1 9 7 6 ) ;  A .  S.  S c h i a c h t e r ,  B .  J .  Bjorkholm, D. H. Loyd, L. W, Anderson 
and W. Haeberli, Phys ,  Rev. 177,  - _I 184 (1969). 

H +Cs+H-: C. Ci-sneros, T .  Alvarez, C. F. Barnet'L and J .  A .  Ray, Phys. Rev, 
A (1976);  W. G r i e b l e r ,  P.  A.  SchrneLzbach, V. K & i g ,  and P .  Marnier, Helv. 
Phys. Acta. 43, 251* (1970);  A .  S. Sch lach te r ,  I?. J. Bjorlcholni, D.  H. Loyd, 
L .  W. Anderson, and W. Hael>erIi> Phya, R e v .  177, 184 (1959). 

-t- 

A c c u r a c v  : 

Unknown. 
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OWL-DWG 76-6757 

400 2 5 IO' 2 5 402 2 
ENERGY (keV1 



A. 4.30 

El.ectron Captur:) Cross S e c t i o v s  f o r  t h r  R e a c t i o n s  

3 
+ + H arid II, + H H2 2 L 

............... .. ... ~ 

I-_ .__ .................. ......... ~ 

_.__I__ 

5 . 0  E-03 
7.0 E-03 
1 . 0  73-01. 
2.0 E-02 
4.0 E-02 
7 . 0  E-02 
1 . 0  E-01. 
2.0 E-OL 
4,O E-01 
7.0 E-01 
1 . 0  E 30 
2.0 E 00 
4 , o  E 00 
7.0 E 00 
1.0 E 01. 
2 , o  E 01 
4.0 E 01- 
9.0 E 01 
1 . 0  E 02 
2 .0  E 02 

1. 1 E--15 
1.1 E-15 
1.1 E-15 
'1.0 E--15  
9 . 5  E--16 
8 . 8  E-16 
8 . 5  E-16 
7 . 8  ii-16 
7 . 2  E-16 
5 .  7 6-16 
6 .5  E-16 
6 .0  E-16 
5 .5  E-16 
5 .0  E-16 
L s 6  E-16 
3.6 F-16 
2 . 1  E-16 
9 .4  E - l /  
4 .5  E-1.7 
7.8 E--78 

8.1 E-15 
8 .8  E-15 
9 .5  E-1E 
9 .3  E-16 
1 .0  E-15 
1.1 E - 1 5  
1 .0  E-35 
9 .0  E-15 
7.1 E - 1 6  

................... ................. ................... .. -. . -. ___ ____. 

..____ R e f e r e n c e s  : 

H2++ti2: 
J .  B.  Hasted,  Proc .  ROY. 
Panov, Sov. Phys.--Tech. Phys. 9 ,  656 (1364) ;  H.  C .  Rayden and R. C.  Ammc, 
Phys.  Rev. 1 7 2 ,  104  (1958) ;  D--W. Koopman, Phys.  R e v .  1 5 4 ,  79 (1.957); J .  J. 
Leventhal, T .  F. Mol-an, L .  Fr iedman,  .J. Chern. Phys. 4 6 ,  4666 ( 1 9 6 7 ) ;  G .  W, 
McCiure, Phys. Rev. 1.30, 1852 (1963) ;  A. Schmid, 2 .  Phys. m, 550 (1961) ;  
J.  B. B. Stedeford &i-.J. R .  Hasted,  Pro(:. Roy. S O C .  A227, 466 (1955) ;  D. R. 
Sweetman, Proc .  Roy. Snc. (London) 4256,  416 (1960) ;  U. W. Vance aut1 T .  L .  
Bai!.ey, J.  C h e m .  Phys. - 4 4 ,  486 (1966) .  

W. H. Cramer, J. Chem. Phys.  35, 836 (1961) ;  H .  B.  G i lbody  and 
SOC. A 2.38, 3% (1956) ;  Yu. S .  G O ~ ~ E ~ V  and M .  N .  

- 

-t 
H fM: W. J... Fite, R .  T .  Rrackman, and Y. R. Snow, Phys.  K P V .  l l 2 - ,  1161 
(1958) .  

Ac c u r  a ._ cy-: . 

I 

H 2 ' + H * :  3- 40%.  

t H2 i-R: f 





A . 4 , , 3 2  

E l e c t r o n  C;q”tnri? Cross S e c t i o n s  f o r  

H L ~  i n  IT2 and Ha 
4- 

1 .0  E-03 
2 .0  E-03 
4.0 E-03 
7.0 E-03 
1 .0  E-02 
2.0 E-02 
4.0 R-02 
7.0 E-02 
1.0 E-01 
2 .0  E-el 
4.0  E-01 
7.0 E--01 
1 . 0  E 00 
2.0 E 00 
4.0 E 00 
3 . 0  E 00 
1.0  E 01 
2.0 E 01 
4.0 E 01 
7.0 E 01 
1 . 0  E 02 
2 .0  E 02 
4.0 E 02 
/ .o E 02 
1 .0  E 03 
1 . 6  E 03 

1 . 2  E-16 
1.4 E-16 
1 . 4  E-16 
1. 3 E--16 
1.1 E-16 
7.5 E-17 
7.0 E-17 
9.0 E-17 
1.1 E-16 
I.. 7 E-16 
2 . 5  E-16 
2 .6  E-16 
2 . 1  E:-16 
1.6  E-16 
2,s E-17 
5 .5  E-18 
1 . 6  E 1 8  
3.0 E-19 

2.5 E-1.5 
2 .3  E-15 
2 .1  E--1 5 
1 .9  E-15 
1.8 E-15 
1 . 6  E--15  
1.4 E - 1 5  
1 . 3  E - 1 5  
1 . 3  E-15 
1 . 2  E-15 
1.1 E--15 
9.7 E-16 
9 . 1  E-15 
8.1 E-16 
7 .2  E-15 
6 . 3  E-16 
5 .8  E - - 1 6  
4 , 7  E-16 
3 . 5  0-16 
2.8  E-16 
2 . 3  E - 1 6  
1 .3  E-15 
3.5 E-! 7 
7.5 E-18 
2.8 E-18 
7 .0  E-19 

____ ~ ...... ~ .._.._ . . . . . . . . . . - I . ~  _I.__ ~ l _ l _  __I-. ~ . .  _I_ . . .. . . . ..- _______I I - .~  ......... ~ 

---I- 

References: .................... ___ 
4- He +H2: S. K. Alli .son,  J. C I J C V ~ S ,  P .  G .  WuPpPry, Phys. Rev. 102, 1041 (1956);  

C. P. Barnett and P.  14. S i ; i c r ,  Phys. R e v .  -. 109, . .. 385 (1358);  H. H. Gllbody, 
J .  16. Hasted, J. V. Ireland, A. R. Lee, E. W, Thomas and A. S .  W k i t e m n ,  Prsc. 
Roy. Soe. London, ~- h 2 7 4 ,  40 (1963); F .  J. DeHesr, J. S c h u t t e n  and ‘[I. Moilstafa, 
Physics 32,  1793 (1965); E. I. Pi.vovar: V. M. Tuiiaev, and M .  %. Novikov, Sou. 
P h y s . - J E z  14, 20 (1962); .T. R. H. Stedeford and J .  B .  :.fasted, Broc. Roy. Soc. 
Loadon - A 2 2 7 7 4 6 6  (1955);  A ,  R .  Wi t tkownr ,  G.  Levy, and H. R .  G i lbody ,  ?roc. 
Phyi;. Soc. London 91, 862 (1967). 
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A. 4 . 34 

F l e c t r m  Cap tu re  Cross  S e c t i o n s  f o r  

i 
2 H e  i u  0 and N 2 

csoss  Sec'iicns 
(cn2) 

1.0 E-03 
2 . 0  E-03 
5.0 E-03 
1 .0  E-02 
2 .0  E-02 
5.0 E-02 
1 . 0  E-01 
2.0 b 0 1  
5.0 E-01 
1 .0  E 00 
2.0 E 00 
5.0 E 00 
1.0 E 01 
2 . 0  E 01 
5.0 E 01 
1.0 E 0 2  
7 . 0  bA 02 
5 . 0  E 02 
1 . 0  E 03 
1 .5  E 03  

O.l..Q. 
4- H e  - t N  +Heo 2. 

6.0 E-15 
5.2 E-15 
4.0 E - I 5  
3 .0  E . - 1 5  
2 . 1  E-5.5 
1.4 E-15 
1 . 2  E--1-5 
1.1- E-15 
9 . 7  E-iS 
9 . 2  E-1.5 
8 .6  E--1_6 
8.0 E-16 
7.5 E-16 
7 .0  E-16 
6.2 E.-1.6 
4 .  7 E-16 
2 .5  E--J.6 
6 .0  E-17 
9 . 2  E - 1 8  
2.5 E - 1 8  

3 .0  E-15 
2 , 7  E-15 
2 - 2  E-15 
1.8 E 15 
1.4 E-15 
L A  E-15 
1 . 3  L-15  
1 . 2  B-15 
1.1 E - 1 5  
1 . 0  E-15 
9 . 4  E-16 
8.6 15 
7.7 E-16 
6 .5  E-16 
/&.8 hA-16 
3 .0  b 16 

R e f  rrmces : 

lie +N2: 
D e  Heer, J. S c h u t t e a ,  and H. Mniis tafa ,  P h y s i c a  32, - 1 7 9 3  (1966) ;  I). W .  
Koopman, Phys.  Rev. > I ,  51 (L968) ,  R. C. C .  Lao, R.  R O Z P ~ : ,  and W. S .  
Ksski ,  J .  Chem. P h y s .  (+9, A 2 0 2  (1968) ;  P .  M a h a d e v a n  and C.  D .  Magniison, 
F i f t h  i n t .  Conf. OR C l G t r o n  and Atonic C o l l i s i o n s ,  p .  405, Leilingrat1 
(19611, V .  S .  Niko laev ,  1. S .  0 I ~ L L I ~ V ,  T .  N .  Fa tec i ia :  and Pa .  A .  L'Pplova, 
Sov. Phys.-JETP 13, 695 (1961) ;  L .  L. P i v o v a r ,  V .  M .  Tubaev, and M. 1. Novikov, 
Sov. Phys.-JETP - lk, 20 (1952) ;  R. F.  S t e b b i n g s ,  J .  A .  K u t h e i i u r d :  and B.  R. 
Iu rner .  P l a n t a r .  Space S r i .  2, 1 1 2 5  (1965) ;  R.  P .  S t e b S i n m ,  A.  C .  H. 5m1th, 
and E .  F h r h a r d t ,  J. Chr!,i. Phys. 39,  958 (1963) .  
Hei+02: C .  F. R a - r n ~ t t  m d  P .  M. Stier, Phys. Rev. 109 ,  385 (1958) ;  h .  J. D e  
W P E " ~ ,  J. SchuLten ,  and I T .  Xostsfal  P k y s i c a  - 32,  1733-(1?66) ;  TJ, 1,. P i t s ,  A. C .  H.  
S m i t h :  R.  k. S i e b b i n g s ,  -utP J .  E. R u t h r r i o r d ,  .T. Gcwphys .  R e s -  - 68, 3725 (1963); 
D. 1~7,  Knopiildt1: ?hys.  Rr-v .  - 1 6 6 ,  57 (1968); P. PlA;ltadexrai., and C .  D.  bgnclsc i l ,  F i f t h  
I n t .  C o d .  on E i p r t r o l l  .md Atorliic C o l l i s i o n s ,  p .  h Q 5 ,  Lnniiigrad ( J 9 5 7 ) ;  P .  
Maharlevan and C.  1). Magiluson, Phys.  R e v .  171. 1 0 3  (1968) ;  R.  F .  S t e b b i n g s ,  A .  C.  
11. Srilith and E .  E h r h a r d t ,  J .  Chrr .  Phys -  39, 968 (1963) .  

AC cuc d CY : 

:IC? +N2: 25%. 

I- 
C .  F.  B a r w t t  and ?. M. S t i p r ,  Phys. R e v .  109 ,  385 (1958) ;  F .  J .  

I 

c 

He+-: ' " I  ? 2 5 % .  
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E l e c t r o n  Capture Cross  Sections f o r  

~ e + +  i n  H and 1-1 2 
.....I..___........I___. I __~_ _I I___ __ ---- ........ ........ ....... .......__I__ -- _________ ~ . - ........ ~ 

.... 

6 . 0  E 00 
8.0  E 00 
1 . 0  E 0 1  
2.0  E 01 
5.0 F 01  
7.5 E 01 
1 .0  E 02 
2 .0  E 02 
5.0 E 02 
7.5 E 02 
1 .0  E 03 
1 . 4  E 03 
2 - 0  E 03 
3.0 E 03 
3 .8  E 03 

2L.L 

IIe+++H+He+- 

3.7 E-16 
5 . 4  E-16 
7.2 E-16 
1 . 4  E-15 
1 .6 E.-15 
1 .4  E-- 15 

1 . 7  E-15 
5 .2  E-16 
1 . 0  E-15 
1 . 0  E-15 
8 .3  E-16 
3.7 E-15 
5 .5  E-J.? 
1 . 3  E-17 
5 . 2  E-18 
1 . 3  E-18  
3.0 E-19 
4.4  5-20 
1.8 E-20 

1 .0  E - - 1 7  
1.8 E - 1 7  
5.7 E-17 
5 . 9  E-17 
5.8 E-17 
3.0 E--17  
2.2 E-18 
1! ,8  E-19 
1 . 5  E-13 
4 > 7  E-20 

............ ...... ...... _ _ I I - ~  .... 
I ..-_ ...... 
References: 

+ H ~ + + + H + H ~  : W. L. Fire, A .  C.  H. S ~ i l l t h ,  and R .  F. Stebb tngs ,  Trot. Roy. 
SOC. London _I_ A268,  527 (1962); J.  E .  Bayf ie ld  and G. A. -Khayrallah, Phys. 
Rev. A I_ 1 2 ,  236'36 (1975:); M.  B .  Shah and H. B. Gilbsdy, J .  Phys. B 7 ,  . 630 (1974)> 

He"+ri2: S. K. A l l i s o n ,  Phys.  Rev. 109,  76 (1958); S. K.  A l l i s o n ,  J.  Cuevas, 
and P .  G .  Murphy, Phys.  Rev. - 102, 1041 (3.956); R. A. Baragio la  and I .  X. 
Nemirovsky, N u c l .  I n s t .  and Meth. __ 110, 511 ( 1 9 7 3 ) ;  J .  E. Bayfield and G .  A .  
Khayra l lah ,  Yhys. Rev. A - 11, 920 (197.5); P .  IIvelplund, J. Tieinemekr, E .  H .  
Pedersen and F. R .  Simpson, 9 t h  Tnt. C o n f .  Atomc. & Elec t .  Coll.. p .  185, 
Seartle, VasX.  (1975); T,. I. Pivovar, 14. T. Novikov and V. M. Tiibaev, 
Sav. Phys.-JETP 15 ,  1035 (1962) ;  L. 1. Pivovar, V. M. Tubaev, and M.  T .  
Novikov, Sov. PhG.-JETP 1 4 ,  20 (1362);  M .  B .  Shah and H. E .  Gilbody, 3 .  
Phys. B .... 7 ,  256 (1974). 

Accuracy,: 

He+++H: f 40%. 

He+++&l2: 3- 40%. 



,Ob s s 



E1ec t1 -o~  Capture Gross Sections f o r  :?eff i n  Ilc 

. . . . . . . . . . . . . . . . . . . ___ ....... __ ___ _ _  .. . ~ _ _ _  .......... ~ ~ .... 
~ .... - -. ~ .~ . 

Cross S e c t l o n s  
( C J )  

02. n 

6.0 a-07 
1 .0  E - 0 1  
2 , o  E - 0 1  
4 . c )  E 01 
7.0 E.21 
1 . 0  E 00 
2 0 k 0 0  
5.u E 00 
7.5 JL 00 
1 . 0  E 01 
2 - 0  K 01 
5.0 E 01 
7.5 E 0 1  
1.0 E 02  
2.0 E 02 
5 . R  li 02 
7.5 E 02 
1 . 0  E 03 
l . L  b: 03 
3.0 E 0 3  
6.8 b, 0 3  

I .  

He ' ' +T,k-Hc 

4.0 E-16 
3.2 8-16 
2.6 E-16 
? > ?  E-36 
2.0 E - 1 6  

1 . h  P,-16 
1 .5  E 1 6  
1 . 2  K-16 
1 - 1  E-16 
9 .0  P - I 7  
4.0 E 1 7  
5 . 1  E 18 
9 .5  E-19 
3 . 6  b-I9 
3.6 E - 2 0  

1 .3  E-17 
1.6 E-1.7 
2.1. E--17 
3.7 K-',7 
3 - 9  E--17 
4.5 E-1.7 
7 . 1  E - l i  
1 ~ 8 .@;..I6 
2 . 7  E-16 
3 ~ 3 k!:-l.6 
2 jr,  E-1.6 
7.0 E-17 
3.3 E-17 
2,0 E - L i  
5 . Q  E-18 
3.0 E - 1 9  
7 . 3  E-20 

.t.4 + M 
H e  -HIe-)He : V . V .  Afrssiiiiov, G.A. I , e i k ~ ,  Yu. A.  Mamaev, and M.N.  Panov, 
Sov. Phys.-JE'TP 40 ,  661  (1975);  S .  K .  A l l i s o n ?  P h y s .  Rev. 109,  76 (1958); 
J .  E .  B a y f i e l d  aix G .  A .  Khayra l lah ,  Phys .  Re\-. A .- 11: 920 (197.5);  K. 11. 
berlcner, R .  V. F y l c ,  J. W. Steams,  and J .  C .  Warren, Phys. Rev. 166, 44 
(1968) ; G .  R. Hertel and W. S .  Koski ,  J.  Chon. Phys. -.I 4 0 ,  34.52 (1964)  ; 
B. Avelplund, J. Ileinemeier,  E .  H .  P e d e ~ s e n ,  am1 F. R .  Simpson,  9 t h  I n t -  
Conf .  E J . e c t .  and Atcm. Coll., p .  185, Sea t t l e ,  Wash. (1975) ; V .  S .  Nikolaev.: 
I. S ,  Drnit.rLev, L .  N. Fateeva, and Ya. A. Tepl.ova, Sov. Fhys.-JE9~P 13, 695 
(1961.); I,. I .  P ivovar ,  V .  M. Tuhaev, and M. T .  NovJIkov, So-v. Phys.-ETP 14, 
20 (1.962); L. 1. Pivovar ,  M. R. Novikov, and V .  M .  Tubaev, SOC.  P h y s . - J E s  1% 
1035 (1962);  M .  B .  Shah and 3. 3. Gilbsdy,  .J. Phys.  K - 7 ,  256 (1974). 

Hcf'+He+Heo: S .  K .  A l l i s o n ,  Piiys. R e v .  109,  76 (1958); J .  E .  Rayf ie ld  and 
G .  A .  I(irayraPlah, Phys. Rev. 4 - I]., 92.0 (1975) ;  K .  11. Berkner,  K. V .  P y l e ,  

arris, and .I. C .  Warren, Phys. REV, .. 1 6 6 ,  . . . . .- 44 (1.358); V. S. N i k o h e v ,  
T,, N. Fatli!eva, I. S .  D m i t r i e v ,  and Ya. A .  TepIova, S O ~ .  Phys.-JETP 1 4 ,  6 7  
(1.962); L .  1. Pivovar ,  M. T .  Novikov, an3  V. M. ':Cii'Oaev, S O C .  Phys.-xTP 15, 
103.5 (1962) ;  Til, Schrey and B.  Huber> Z .  Phy.  A 273, 401 (1995) ;  M .  B.  Sh- i i  
and H .  K .  Gilbody, J. Phys. B - 7 ,  256 (1974). 

,Iccnracsr: 
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2 

!O+ 
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2 

10-47 

5 

is-'9 

5 

2 

5 

2 

io-2' 
5 io-' 2 5 
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1 .0  E 01 
2 , o  E 0 1  
3.0 E 0 1  
5 .0  E 0 1  
7 . 0  E 01. 
1 . 0  E 02 
2 - 0  E 02 
4.0 E 02 
7.0 E 02 
1 .0  E 03  
1 .5  E 03 

5.6 E-16 
8.9 E-1.6 
1.1 E-15  
1 .2  E-15 
1 .2  E-1.5 
1.1 E-1.5 
6 . 1  E-16 
2.0 E-16 
7 . 3  E-1.7 
3.4 E-1.7 
7.7 E-18  

2 .5  E - 1 6  5 .6  E-16 3.6 E--16 
3 . 1  E-16 8.1. E-16 3.8 E-46 
3.3 E-46 8 .4  E-16 3 .7  E-16 
3.3 E-16 8.5 E-1-6 3 . 2  E-16 
3.1. E-16 
2 . 6  E-16 
1 . 0  E-16 
1 .2  E-1.7 
2 .0  E - 1 8  
6 .0  E-19 
1.4 E-19 

References : 

He*+-N2: 
V .  S .  Nikolaev, I. S.  I h i t r i e v ,  L. N .  Fateeva, and Ya. A .  T e g o v a ,  Sov. 
Phys.-JETP 13, 695 (1961); V. S ,  Nikol.aev, L s  N .  Fa teeva ,  I .  S .  Dudtciev, 
and Ya. A. Z p l o v a ,  Sov. Phys.-JETP 1 4 ,  67 (1962);  L .  2 ,  Pivovar, M. T .  
Novikov, and V. M. Tubaev, Sov. Phys':zJETP 15 
V.  M. Tubaev, and M. '1:- Novikov, Sov. Phys.z&CP - 1 4 ,  20 (1962); M. B .  
Shah and H. B. Gilbody, J ,  Phys. B - 7 ,  256 (1974) .  

He*W2: 

- ..-I. __ 
.J. E .  B a y f i e l d  and G. A.  Khayral.lah, Phys. Rev. A 11, 920 (1975);  

1035 (1962); L ,  I. Pivovar ,  

M. 8 .  Shah and II. B.  Gilbody, J. Phys. B -I, 256 (1974).  

He * -bo2 - -L 20%. 
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4- E l e c t r o n  Capture Cross  S e c t i o n s  f o r  C and C o  i n  H2 

__ 
Cross S e c t i o n s  

(cm2) 

2.5 E-82 
4.0 E-02 
7 .0  E-82 
1 . 0  E-01 
2.0 E-01 
4.0 E-01 
7.0 E-01 
1.0 E 00 
2.0 E 00 
4 .0  E 00 
7.0 E 00 
1..0 E 0 1  
2.5 E 01  
4.0 E 0 1  
5.5 E 0% 
6.5 E 81 

c't=t-wpCo @++H2+c- c *+H2-fC- 

1 , O  E-16 
1.1 E-16 
1 .2  E-16 
1 . 3  E-16 
1 .5  E-16 
1 .6  E-16 
1.9 E-16 
1 . 9  E-16 
1.8 E-16 
1 . 7  E-16 
1 .7  E-16 
2 .0  E-16 3.1 E-19 
4 . 3  E-16 1.0 E-18 4.5 E-17 
5 .0  E-16 2 . 2  E-18 4 , 2  E-17 

4.0 E-18 5 .1  E-1.7 
5.5 E-17 

References:  

C +H2+Co: 
E. Gustafsson and E .  Lindholm, Ark. Fys ik ,  - 18,  219 (1960). 

C + N 2 - C :  Ya. 14. Fogel, R.  V.  Mit in ,  and A.  G. Koval, Sov. Phys.-JETP - 4 ,  
359 (1957). 

4- H. R .  Gilbody and .T. B. Hasted,  Proc.  Roy. SOC. A238, 334 (1956): 

+ 

C=t-H2+Cl': Y a .  M. Fogel ,  V .  A .  Arnkudinov, and D. V. Pilipenko, SOV. Phys.- 
JETP,  - 8,  601 (1959). 

Accuraev : 

Unknown. 
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Electron Capture Cross S e c t i o n s  f o r  t he  React ions 

N+ + H~ ant1 N+ +- I-: 

Cross Sections 
k m 2 >  

2.5 E-02 
4.0 E-02 
7.0 E--02 
1 . 0  E-01  
2.0 E-01  
4,O E-01 
7.0 E - 0 1  
1 .0  E 00 
2.0 E 00 
4.0 E 00 
7.0 E 00 
1.0 E 01 
2.0 E 0 1  
3.5 E 01 

" 1 0  % I- 

N++H 2 + ~  N++H+N 

1 . 7  E-16 
2 .2  E-16 
3 .1  E-16 
3 . 4  E-16 
4.6 E-16 
5 .5  E-15 
6.0 E-16 
6 .0  E-16 
6 .0  E-16 
6.2 E-16 
6.8 E-16 
8.5 E-16 
l.1. E-15 
1 . 2  E-15 

4,O E-16 
4.5 E-15 
5.3 E-16 
7.8  E-16 
9 . 2  E-IS 
1 .0  E-15 

. . . . . . . . __I- . . . . . . .. . 
-̂ ............. ~ - - - - _ _ - - _ _ - -  ______..... ..-....... ________ 

References ... . . . . : 

N'+H : 
(195?);  H.  B. Gilbody and J .  B .  Has t ed ,  Proc .  Roy. SOC. A 2 3 8 ,  33x (1956);  
E. Gustafsson and E .  Lindholm, Ark. F y s i k  _- 18, 219 (1960).  

N i-H: R .  I?. Stebbings ,  W .  E .  F f t c  and D. e .  Hummer ,  J .  C h e m .  Phys. - 33, 

F. J. D e  Heer, W .  Huizenga, atid J .  K i s t e m k e r ,  Physica 2 3 ,  181 

i- 

1226 (1.960). 

A c  c UT a c y  : 

N +H2: 2 50%, 

N+-i-H: k 20%. 
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A.4.46 

Electron Capture  Cross Sec t ions  f o r  t h e  Reactions 

Cross Sec t ions  
( C  102 ) 

2 .5  E-02 
4.0 E-O?. 
7.0 E-02 
1 . 0  E-OP 
2.0 E-01  
4.0 E - 0 1  
7.0 E-01 
1 . 0  E 00 
2.0 E 00 
4.0 E 00 
7 .0  E 00 
1.0 E 01 
2.0 E 01 
5.0 E 0 1  
7.0 E 01 
1..0 E 02 
2.0 E 02 
5.0 E: 02 

2 01 0 _.......I_ 61-1 
f O++H--@ o++i-i 2jr0 0 0 +-I12Jro- 

1..4 E-15 
1 . 4  E-15 
1.. 3 E-15 
1 . 3  E-15 
1 . 2  E-15 
1.1 E-15 
1 .0  E--15 
9.8 E-16 
9 .2  E-16 
8 .6  E-16 
8 . 1  E-16 

8.0 E-15 5.1 E-17 
7.0 E-16 5 . 5  E-67 
5.7 E-16 4.6 E-17 
3 . 4  E-16 2 .8  E-17 
1 .5  E-16 

- 

- Rcff?rE!nces: 

O++lItOo: 
A268, 527 (1362) :  R .  F. SLebbixigs, W. 1,. F i t e ,  and  D .  G .  Hummer, J. Chem. 
Phys. 33, 1226 (1960). 

O"-+HpQ-: 
C. A .  Sautter, Fhys. Rev. 140,  A 1481 (1965). 

O'&H2Mo: 
C. A .  Sautter, Phys.  R e v .  x, Al481 (1955);  J .  f3. Olsen and P .  Hvelplund, 
J .  Phys. B - 7 ,  1331 (1974). 

W. Ta. Fite) A .  C. H. S m i t h ,  and R.  F .  S tebbings ,  Proc.  Roy. SOC.  

T. Jorgensen, Jr., G .  E. Kuyatt, W. W. Lang, 1). C .  Lorcntz ,  and 

T.  J o r g e n s e n ,  Jr., G. E .  Kuya t t ,  W. W. Lang, D. C.  lo rent^, and 
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Electron Captu re  Cross S e c t i ~ m s  f o r  

4-4- in II 
2 O o  and 0 

2.5 E 01 
5.0 E 0 1  
7.0 E (31 
1.0 E 01. 
2 .0  E 02 
3.0 E 02 
5.0 F 02 

_s_ 02 0 !?.n.:.n. 02 1 

0O- f -13  w- 

4.7 E--15 2 * 4  E-23 1 . 2  E-1.6 
4 . 6  E-16 2 - 4  E-17 1 . 4  E-16 
4 .6  E-16 2 . 4  E-17 1 . 4  E-16 
4.7 E--16 2 - 4  E-17 8.7 E-17 
4.8 E-16 2 " 4  E-17 6.2. E-17 
5.1 E-16 4.1 E-17 

O+++II,-+O' O+++H2-@ O 2 
8.9 ~ - 1 7  

References: 

"I-+ 4- 
0 +H2+0 : 
and C. A .  Sautter, Phys. Rev. 1_.- 160, A1481 (1965); J. 0. O l s e r i  and P.  Hvelplund, 
J .  Ihys .  B 7 ,  1331 (1974) .  

T. Jorgensen, Jr., G. E. K u y a t t ,  W. W, %ang, 93. C .  Lorentz ,  

3-t 
0 +H2+Qo: 
C. A .  S a u t t e s ,  Phys. Rev. E, 
J. Phys. B - 7 ,  1331 (137.1;). 

T .  Jorgensen,  J r . ,  G ,  E .  Kuyatt., W. W. Lang, D.  C. L s r e n t z ,  and 
A1681 (1965);  J. d .  Olsen and P .  Hvelpl.vnd, 

0°6B +Om: Ya. M. Fogel, V. -4. Ankudiaov, D. V. Pilipenko, Sov. Phys.-JETP 
- 8, 661 (1959); T. Jorgensen,  J r . ,  G .  E .  Kuyatt, W. W, Lang> D. C. L o r e n t z ,  
and 6 .  A .  Sautter, Phys. Rev. 140,  - A1489 (1965) ;  ,J. d .  Obsen and P. Evelplund, 
J. Bhys, B - 7,  31331 ( 1 9 7 4 ) .  

Accuracy : 

of f+I Ip+: * 20%. 

$.-I- 
O f ~ ~ + ~ :  Unknown. 
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A.4.51 

(Con t i n u a  t i o n s  ) 

E l e c t r o n  Capture  Cross S e c t i o n s  f o r  H+ and KO 

P a s s i n g  Through H2 

- - 
I_-. 

References:  (contd.)  

H++H2-+H-: V.  V. Afrosimov, G. A .  Leiko,  Yu. A. Mamaev, M. N .  Panov, and 
N .  V.  Fedorenko, Sov. Phys.-JETP 35, 1070 (1972);  V. F. Kozlov and S. A .  
Bondar, Sov. Phys.-JETP 23, 195 (1966); G. M. McClure, Phys. Rev. 132,  
I636 (1963);  Y a .  M. F o g e c  R. V.  Mi t in ,  V.  F. Xozlov, and N .  D.  Romashko, 
,5017. Phys.-JETP 35, 390 (1959); U .  Schryber ,  Bel. Phy. A c t .  A40, 1023 (1967);  
L. 14. Toburen a n F M .  Y .  Nakai ,  Phys. Rev.  1 7 7 ,  1 9 1  (1969);  J.  F. Williams, 
Phys .  Rev. I_ 150, 7 (1966); J. F. Williams, Phys. Rev. 157, 97 (1967). 

H0t-I12-tH-: 
N .  V.  Fedorenko, Sov. Phys.-JETP 35, 1070 (1972);  G, PI. McClure, Phys. 
R e v .  I_ 134,  A1226 (1964);  T.  Jorgensen ,  Jr. , C ,  E .  Kuyat t ,  W. W. L a g ,  
D.  C .  Lorentz ,  and C .  A. S a u t t e r ,  Phys. Rev. 140, A1481 (1965);  U. Schryber ,  
H e l .  Phy. A c t .  A 4 0 ,  1023 (1967);  P .  M. S t i e r  and C .  F. B a r n e t t ,  Phys .  Rev. 
103, 896 (1956);  J.  F. W i l l i a m s ,  Phys.  Rev. - 153, 116 (1967). 

- 
- 

I_ 

V. V. Afrosimov, G. A. Lelko, Yu. A. Mamaev, M. N .  Panov, and 

- 
I_ 

-- 

Accuracv : 

01--1 has n o t  been p l o t t e d  f o r  e n e r g i e s  g r e a t e r  than  400 keV. For c r o s s  
s e c t i o n s  between 400-1000 keV see J. F. Wil l iams,  Phys. Rev. 157, 97 (1967). 

I_ 

- - 
E l e c t r o n  Capture  Cross Sec t ions  for H+ and Ho 

Pass ing  Through Helium 

-. References:  (contd.)  
0 

tI fiIe+H-: 
S s v .  Phys.-JETP 3 4 ,  400 (1958);  P .  M,  S t i e r  and C. F. Barnett, Phys. Rev. I__ 103, 
896 (1956);  U. S x r y b e r ,  H e l .  Phy. A c t .  - A 4 0 ,  1023 (1967).  

Accuracy : 

Ya. M. Fogel ,  V .  A .  Ankudinov, D. V. P i l i penko ,  and N .  V. Topol ia ,  

0 1 0  Zk 25% 

01-1 E > 10 keV 2 25%; E > 10 keV k 60% 
00-1  4 25% 

N u k e s  : 

Berkner, et  al., r e s u l t s  f o r  Df i n  H e  has been p l o t t e d  a t  E / 2 .  



A.4.52 

(Continuat iorrs  ) 
4- E l e c t r o n  Capture Cross Sec t ions  f o r  I1 and Eo 

2 Pass ing  Through N 

Keferences : (contd,  ) 

I1°+N2+H-: S .  K .  Allison, Rev. Mod. Phys. 30, 1 1 3 7  ( 1 9 5 8 ) ;  Ya. M. Foge l ,  
V.  A .  Ankudinov, D. V. P i l i p e n k o ,  and N. V f T o p o I . i a ,  Sov. Fhys.-JETP 7 ,  
400 ( 1 9 5 8 ) ;  D. V.  P i l i p e n k o  and Ya. M. Foge l ,  Sov. Phys.-Tech, Phys. 15,  
6 4 6  (1962);  P .  M. Stier and C .  F ,  Ba rne t t ,  Phys.  Rev. 103, 896 (3.956)., 

Ht-+.NpH':  S .  K .  A l l i s o n ,  Rev. Mod. PRys. 30, 1137 (1358); Y a .  M. Fogel. 
and R. V. Mittiin, Sov. Phys.-JETP 3 ,  334 ( 5 . 5 6 ) ;  U. Schryber,  Helv. Phys .  
Acta,. A40, 1023 ( 1 9 6 7 ) ;  L.  B. TobGren, M. Y .  N a k a i ,  and R. A. L a i ~ g l e y ,  
Phys.  Rev. 1.71, 11.4 ( 1 9 6 8 ) .  

- 

- 
Accuracv : 

Elec t ron  C a p t u r e  cross Sections f o r  li+ and wo 

Pass ing  Throug1-1 0 and 0 2 

References:  (contd . )  
______I_____ 

II'M-tH": 
Res, - 6 9 ,  2349 (1964).  

IIo-l-OpH-: 
Topol ia ,  Sov. Phys.-Tech. Phys. 7 ,  400 (1958); D. V. Pi l j -yenko and Ya. 
M. Fogel ,  SSV. P1iys.-JETP 15, 6 4 6  (1962);  P.  14. S t i e r  and C. F. Earnett, 
Phys. Rev. ..... 103,  I._ 896 (1956)F-  

11++02+H-: 

R. F. Stebbings ,  A. C. II, Smith, and W .  Ehrha rd t3  J, Geophys. 

Ya. M. Foge l ,  V.  A .  Aukudinov, 11. V. P i l i pcnko ,  and N .  V .  

Y a ,  M. Fogel  and K. V. Mitin, Sov. Phys.-JE'L'P - 3 ,  334 (1'3%). 



A.4 .53  

((:ontinuations ) 

E l e c t r o n  Capture Cross sections f o r  H+ ami 110 

Passl.ng Through Ar . 
.I._̂ . -_I__ .__.._-.I ^l..lll.-------ll -.- * - 

I_ 

Re f erence5 : 

1-1 +Ar+H-: V. V. Afrosimov, Pu. A ,  Memaev, M, P.  Pariov, and V. Uroskevich, 
Sov. Phys.-Tech. Phys ,  12, 512 (1967);  Ya, M, Fogcl, Sov, Phys.-Usp. - 3, 
3910 ( 1 9 6 0 ) ;  V. V. Afrosimov, R. N .  U ' i n ,  and E. S. Solow'ev, Sov. Phys.- 
Tech. Phys. 5 ,  6 6 1  (1960);  U.  Schryber ,  Welv, Phys.  A c t a  40, 1023 (1967);  
L .  8. Toburer:, M, Y .  Nakai, and R. A. Langley, Phys,  R e v . y 7 7 ,  ~ 191 ( 1 9 6 9 ) ;  
J. F. Williams, IJtiys, Rev. - 150, 7 (1966). 

(con t d  . ) _._--- 
c 

Ha+Ar+H-: 
F o g e l ,  V. A. Ankudinov, D.  V. Phipenko, and N .  V. Topol ia ,  Sov, Fhys.-JETP 
- 7,  400 (1958); U. Schryber ,  Helv. Phys .  A c t a  4 0 ,  1023 ( 1 9 6 7 ) ;  P.  M. S t i e r  
and C .  F. B a r n e t t ,  Phys. Rev. - 103, 896 ( 1 9 5 6 ) r J .  F. W i l l i a m s ,  Phys, Kev. 
3.53, 117 (1967). 

T.  M. Donahue and F, Hushfar,  Phys. Rev. -I_ 1 2 4 ,  138 (1961); Ya. PI. 

References:  (contd.)  

He +He: 
C .  F. Bamett and P .  M. Stier, Phys. Rev. _I 109, 385 (1958); N .  V.  Fedorenko, 
L ,  G .  Fi l ippenko,  and I.  P .  F l a k s ,  Sov. Phys.-Tech. Phys. 5 ,  45 (1960);  A. 
G a l l i ,  A. Giardini-Guidoni,  G. G. V o l p i ,  Nuovs C i m e n t o  26,-845 (1962) ; F. J. 
DeHeer, J .  Schut ten  and H. Maustafa, Phys ica  32, 1793  (1966);  H.  B.  Gilbody, 
J, K. Hasted ,  J. V. I r e l a n d ,  A .  R. Lee, E .  W. Thomas, and A. S .  Whiteman, 
Proc ,  Roy. SOC. London -3 A274 40 ( 1 9 6 3 ) ;  H .  B.  Gilbody and J. B.  Hasted,  Pmroe. 
Ray. SOC. London __. A238, 334 (1956); H.  C .  Hayden and N .  G. Ut te rback ,  Phys. 
Rev. 135, A1575  ( 1 9 6 4 ) ;  P. Mahadevan and G. D. Magnuson, Phys.  Rev. m9 
103 (m8); L. 1. Pivova r ,  V. PI, Tubaev, and M. T .  Novikov, Sov. P1iy.s.-JETP 
II- 14, 20 ( 1 9 6 2 ) ;  R. F. P o t t e r ,  J. Chem. Phys.  22 ,  974 ( 1 9 5 4 ) ;  W. W, Shelton 
and P .  A. Stoyche f f ,  Phys. Rev. A 3 ,  613 (1971);  J. B .  1-1. S t e d e f o r d  and 
J, B. Has ted ,  Proc. Roy. Soc. LondGn A227, 446 (1954) .  

4- 
S .  K.  A l l i s o n ,  J .  Cuevas, P .  G. Murphy, Phys.  Rev. 102, 1041 (1956); 

hc curacy : 

He +H2: +_ 15% 

He +He:  f 15% 
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A.5.2 

Energy Cross Sec-tion 
(keV) ( cIn2 ) 

5.3 E 00 
1.0 E 01 
3.0 E 01 
5.0 E 01 
1.0 E 02 
1.5 E 02 
2.0 E 02 
2.5 E 02 
3.0 E 02 
4.0 E 02 

4.06 ~-17 

1.49 E-16 
1.71. E-16 
1.42 E-16 
1.07 E-16 
8.40 E-17 
6.88 E-17 

4.18 S-17 

9.14 E-1-7 

5.59  F-17 

Beferences: 
I__- 

W.L. F i t e ,  R.F. Stebbings, D.G. Hummer, and R.T. Brackmann, Phys. Rev. 1-19 
663 (1960); H.B. Gilbody and J.V. Ireland, Proc. Roy. Soc. A-277, 137 
(1964). 

-9 

-_ Accuracy: 

- + 20%. 
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A.5.4 

CYOSS Sec t ions  f o r  the ProducLion oi" 

Positivp Charges in H and H e  by :I i 

2 
............................................. ____. . .- .................. .--- ..... _m~.-.-.~-- -: ............................................ ______ 

1*5 E 02 
2,o 3 02 
4.0 .E 02 
6 , o  E 02 
8.0 E 02 
1 .0  T 03 
2 . 0  Z 03 
3 .0  ~ 03 

f l 2  

1. 7'7 :@I- 1-6 
1. 40 3..-:1.6 
7.59 &-l'( 
5 . 37 E-JJ 
lt.18 E-17 
3.44 E-17 
1.91 E-1.7 
1.35 X - l $ T  

-- 
He 
.--_ 

8.66 13-17 
6.99 E-3.7 
4.16 S-lp{ 
3.08 3-17 
2,48 d-17 
2.09 E-17 
l.2k G l (  
9.29 E - I 8  

............ - - -..__x _ . .- .................... .... 

References : 

E.W. MeDaniel, J.W. H o o p e ~ ,  D . 7 .  Martin, and D.S, Harmer, I-"-oc. Fift'ci 
Int. Conf on Ionizatic-211 Phenomena in Gases (Munich, 1961) North--Hol..Land 
Publishing Co. (Airasterdam) Vol. 1, 60 (1962); L.I. Pivovai- and Yu. Z. 
Levchenko, Sov. Phys .-JE'TP LI_ 2 5 ,  2'f (1967) . 



h.5.5 



~.5.6 

Cross Sections f o r  Produeiion of Free Electrotis 

i n  3 and by Protons 
2 

l”0 E 00 
2 .0  E 00 
L . O  4: 00 
6 .0  r: 00 
8 . 0  2 00 
1 . 0  E 0 1  
2.0 E 01 
11.0 i;: 0 1  
6 .0  E 0 1  
8 . 0  pJ 01 
1 .O E 02 
2 . 0  E 02 
4 . 0  h 03 
6.0 z o? 
8 .0  s 02 
1 . 0  E 03 
2 .0  E 03 
3.0 E 0-3 

n 2  

2.81 2-17 
14. 1.8 3-17 
6.19 GI.*( 
7.96 x-i? 

1.13s 2-16 
1.55 E-16 
2.27 3-16 
2 ”  57 %1.6 
2 “ 4 7  e-1-6 

1..36 3-1.6 
7.48  3 ~ ~ 7  
5 .30 E-17 
11.20 E-17 
3.35 3-17 
I. . 84 x - L ’ . ~  
1.. 30 3-i7 

9.29 E-17  

2-20’ E-16 

H e  
- 

2.18 
3.60 !&17 

9.52 3-17 
9.87 E--? 7 
7.01 E-17 
4.15 2-17 
3.014 E--1.7 
2.1.17 3- -L7  
2.09 JG.17 
1 .23  E-17 
9.00 E-18 

6.08 E-17 
8.23 3-17 

References : 

H + H 2 :  J.W. Hooner, E.W. McDaniel, D.W. Martin, an4 D.S. Harmer, 
Phys. Rev. 1_1 121, 11.23 (1961.); L . I .  Pivovar and Yu. Z .  Levchenko, Soviet 
Phys.-JETP - 25, 2’7 (1967) ;  Yu. S. Gordeev and M.N. Panov, Sovie-t P h y s . -  
Tech. Phys. 9 ,  656 (19611); S.S. SoI.ov’ev, K.W. 1 1 ? i n ,  V.A. Oparin, and 
N.V.  Fedorenko, Soviet  Phys.-Jd’TcP 15, 459 (1.962); F . J .  de Xeer, J .  Schutten,  
and H .  Mo-ust,afa, Physica 32, 1766 5966); V . V .  Afrosimov, R . N .  Il’in, 
and N.V. Fedorenko, Soviet Phys ..-JTrCP 7 ,  968 (1958) ; F. Schsrirzk-e, Z .  Phys. 
157, 510 (1960); Ys. M. Fogel, L . I .  Kr-Gpnili, and B.G. Safronov, Soviet  
Yhys.-JZrl’P 1, 1.~15 (1955); B.B. Gilbody and A . R .  Lee, Pi-oe. Phys. SOC. 
-.I.. A-274, . . . _. 

+ 

365 T1963); M.Z. Rudd, C . A .  S a u t t e r ,  and C . L .  dail-ey, Phys. Rev. 
-....> 151 20 (1966). 

Bf’ f Z e :  
Proc. F i f t h  I n t .  Conf. on Ioniza t ion  Phenomena i n  Gases (b lun ich ,  1961) 
North-3olland Publishing Co. (Amsterdam) V o l .  I, 60 (1962) ;  L . I .  P i v o v a r  
and Yu. Z. Levchenko, Sovi.et Phys..-.JETP 25,  27 (1967);  P.3. de Heer, 
J. Schutten, and H .  Moustafa, Physica 3271,766 (1966);  H . B .  Gilbody an.d 
A . R .  Lee, P roc .  Roy. SOC. A-271+, _I- 365 ( i 3 6 3 ) ;  3 . V .  Fedorenko, V.V.  Afros imo-v ,  
R . M .  :I.lLTin, and E . S .  Solov’ev, Proc. Fourth :I:nt. Conf. on Ioniza t ion  
Phenomena in Gases (Uppsala, 19591, North Holland i’iiblishing Co. (Amsterdam) 
Vol. 1, IA-47 (1960). 

E.W. Mc3anie1, J . X .  Hooper, D.W. Martin, and U . S .  Xarrner, 

Accuracv: 
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A.5.8 

Cross Sect ions  for t h e  Prodij.@tion of Slow 

t I- I- 11 axci  H -t'rom H and.  HO ~nlpac t  on ii 
2 2 

... ....... . ................ ................ .... ................. .- _____ ~ 
__  ____ . -. - ___ ..~ - ..... 

gnei-gy- C r o s s  9ecl;ions 
( keV ) ( CHl2 ) 
........... I ................. _____ -. 

4" +- I- % -t H'-+;i 2 +H 2 E +H2+3 H'+H p~ 'Io+H2+H 
-1_1___ ......... .._.- 

5.0 i3 00 8.1. s-16 1t.o 3-17 4 . o  K-17 2 .h ~ 4 8  

3.0 E 01 )+.8 E-16 8.7 ~ - 1 ' 7  1.3 E.-16 1.6 e..-1.7 

1.0 3 01 8.0 d-16 9.3 E-l '(  8.2 3-17 1. ~ 1. Z-IJ 

11 . o  z 01 3 . 8  2-16 6 . 3  E-17 1.2 3-16 1.5 d-lT 
5.0 E 01 3.4 z.-16 1.1 . I! 3-1'( I..>Z E-16 1.2 E-17 

2.0 E 01 6.2 E-1-6 1.2 E-16 1.3 3-16 1 .'i L-17 

+ 
H f 112: V.V. Afi-osimov, G.A. Lerko, Yu. A. Mamaev, M.M. Pa,nov, and 
N.V. Fedorenko, Sov. Pi?ys.-JdTP 35, 1.070 (1.9'(2); R. Browning and. H.B. 
Gilbody, J. Phys. B ._ I, 11.49 (1.96s. 

Xo t H2: 
N.V. Fedorenko, Sov. Piiys.-JETP I 35, 

V.V. A f r o s h o v ,  G.A. Le'lko, Yu. A. M&maev, M.M. Panov, and 
L O T O  (197'2). 

Accuracy I : 
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A. 5.10 

Cross Seciions f o r  I ’osi t tvz i o n  Production 
i- 

in I J  a n d  0 by if 
2 2 

Cross Sections 
( Cii12 ) 

5.0 r: 00 
8.0 E 0 3  
1.0 L 01 
3.0 E 01 
6.0 tl: 01 
1.0 z 02 
3.0  5 U? 
6.0 E 112 
1. 0 d 31 
3.0 4 03  

?‘I 2 
...... 

J.*2 3-15 
1.2 d-15 
1.. 2 z-15 
9.7 e--16 
8.0 d-16 
6 .T s-16 
3.11 3-16 
2,1. 3-16 
1.14 ~-16 
6.4 Z-1.7 

1.1 x-15 
I . * O  3-15 
9.2 E-16 
9.0 e.-1.6 
7.7 3-2.6 
y . c) :;:-..:I. 6 
4.1 E--1.6 
2 . 2  &16 
1. 5 E-1.6 

d . q .  Mel)anieL, J.V. I-looper, U.W. Mar t in ,  and D.S. Harmer, PYOC . Fi.fth 
.TnL Conf . on I o i i i z a t i o n  Phenomena i n  Gases (Miini.cii, 1961) North-Holla,nd 
Publishing Co. (Amsterdam) Voi.. I., 60 (1-962); L . 1 ,  P ivovar ,  and  Yu. Z. 
Levchenko, Sov. Phys,.--JZTP 25, .- 2 7  (1967); X. Hrow-air?e; and H . H ,  Gi lbody,  
J. Phys . I., 1.1119 (1968) . 
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A.5.12 

Cross  S e c t i o n s  f o r  E l e c t r o n  Product ion 

i n  N and. o by H+ 2 2 

....... __ ......... ..~~ - .... .. . .............. ............ ..... - - - -  -... ~ ..... .............- ~ ___ 

.Energy Cross S e c t j  on5 
(k=V ) ( em2 ) 

1.0 x 00 
2.0 .; 00 
11.0 E 00 
6 . 0  r7 00 
1.0 E 01 
2.0 ;1: 01 
4.0 Z 01 
6.0 E 01 
1.0 k: 0% 
2.0 h 02 
4 . 0  E 02 
6.0 E 02 
1 . 0  d 03  
2.0 E 03  
3.0 F 03 

11 7 
- .  

8.00 E-17 

1.92 F, -16 
2.49 g-16 

5.00 E-16 

1.28 r1-16 

3.40 E--16 

6.60 F:.-16 
7 .00  E.-16 
6 . i o  d-16 

2.6? d-16 

1.u d-16  
8.60 E-17 
6.20 ~ - 1 7  

4.10 E-16 

2.03 E-16 

5.50 E-17 
9.90 Z - 1 7  
1 .40  11:-16 
2.10 E-16 
3.35 E - L ~  

6.00 s -16  
6.00 Z - J ~  
11.40 r;-l6 
2.95 E-16 
2.?2 E-16  
1.58 E-16 

5 . J O  E-16 

Heferenc,os : 

H ?- X2: E.W. MeDaniel, J.W. Hoopei-, D.W. Mar t in ,  and D.S. Harmer: 
Proc. F i f t h  In- t .  Conf. on Toniza t ion  Phenomena in Gases (Munich, 1961) , 
North-ilol.l.and PubI.ishing Co. (Ansterda.rn) Vol.. 1, 60 (1.962) ; F, J-. de Iieer , 
J-. Schut ten ,  and E. Moustafa, Phys ica  32, 1766-(1966); J.BI Crooks and 
M.E, Rudd, Pws. Rev. A 3, 1628 (197l).:.-L.I* PivoTiar aid Yu. Z .  Levchenko, 
S o v i e t  Physics-SEW - 25, 2'/' (1967) ;  3 . 3 .  Solov 'ev ,  R . N .  J . l . ' i .n ,  V . R .  Oparin,  
and N.V. Fedorenko, Sov. Phys.-SF:'!'P is, 459 (1962) ; Y i i .  S .  Gol-deev and 
M . N .  Panov, S0.v. Phys.-Tech. Phys. - 9 7 6 5 6  (1964) ;  H . J .  McPJeal~ and D.C. 
Clark, J. Geopliys. Res. 'r4, 5065 (7.969); M . J .  Dufay, M . U .  Eesesquel lcs ,  
and M. E ide lsberg ,  Ann. G o p h y s .  223 614 (1966) ;  J . G .  Coll.ins and P .  
Keberle ,  J. Chem. Phys. 46, 1082 5 9 6 7 ) .  

H f 0 2 :  A . W .  McDaniel, J . W .  Hooper, D.W. Ma-r%j.n, alid D.S. H a r m e r ,  
Proc. Fifth I n t .  Conf. on Lonizat ion Phenornelia i.n Gases (Munich 1961), 
9ortii-Holland P u b l i s h i n g  Co. ( A m s t e r d a m )  Vol.. 1, 60 (1962); F.J. de Heer, 
J .  Schut ten ,  and 11.  Moustafa, Physica 32, 1.766-(1966); J.H.. Crooks and 
M.E. Rudd, Phys. Rev. A .- 3, 1628 (19r(1).;.'%.J. Dufq-, M . D .  Uesesquel les ,  
and  M. E ide lsberg ,  Ann. Geophys. s__ 223 614 (1966) ;  R . J .  McNeal and J.H. 
B i r e l y ,  Rev. Geophys. and. Space Phys. 11 633 (1973). 

._..__II____ 
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Cross Sections f o r  P1-oduci;ion of  

f }  2"r 
ii , J , and  N Ions by P r o t o n s  jn N Gas 2 2 

3 .0  E 00 1-05 2-16 1.00 E-1-5 
1.0 E 01. 2.64 21-16 9 .20 EL1.6 3.37 3-18 
2 , o  E: 01 3.23 z-16 '.i . io r< .I 1 6 7.58 7:-18 
3.0  E 01 3.2'1 g-16 6.21 E-16 1.23 E-l ' (  
4.0 E 01 3.0'7 e-16 5.60 13-1.6 I. )-I5 7;-1-7 
h.6 E: 91 2.86 E-1.6 5.00 E-16 1.49 Z-1 ' (  

.......... . ....... ..... .... ......... ......... ......... - . -. ...... - _- - 
~I__ .. ... .______ ..... _.___ - ~ 

Refererices : 

R .  Brow-fli-ng and H.H. Gilbody, J .  I'hys. 73 I 1, 1149 ( 1  968). 

I --- .. 

Accuracy : .-_.I___ 
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A . 5 . 1 6  

+ a  2+ Cross Sections f o r  Product ion  of 0 , 0 , and 0 Ions 

by L’rotons i l l  0 

2 

2 
............. -~ ....... __ ................................ -~ . ......... - . ~. . ~. .---- 

Cross Szc’cions 
( c1n2 ) 

02+ 
t 

O+ 0 2  
- .......... 

8.12 z-16 ?,34 d-18 6 . 0  E 00 2,40 d-16 

2 .0  z 0 1  3 , ( (6  GI-6 5 .40  E-16 9.64 &18 
3.0 E 01  3.87 E-16 L.4( h-16 1,47 E-17 

b.6 2 01 3.75 E-16 4.00 F:-16 1.8’1 E-17 

1.0 d 01 3.08 E-16 7.00 R - L ~  4.76 E-18 

’4.0 7 01 3.81  d-16 4.12  E-1-6 1. 7’1 g-. lT( 

.... ............. ... ........................ _ _  - _ _ _  ................ .......... ........................ ........ - - _I_. - 

References :: 

Accuracy : 
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A. 5.18 

2 
Angill ai- I )$  s t f i b a t i o n s  of E l e c t r o n s  from 300-keV Proi,ori impact in !I 

............ . .  __ . ..................... .- ~- ....... - -, ...... ~- 

Angle C YO s s S e e -i .io ii s 
(deg) (crn2/eV s3-! 

_____  -- . ....................... ................................................ ~ .... ........................ ...... 

1.0 
20 
30 
Jc0 
> (J 

60 
70 
80 
30 
3-00 
110 

2-50 eV 300 cLT 500 eV 
- . . I 

1.00 3-20 1.52 &..-;?l 1.58 7-21 
6.38 d - a  1-87 3-21 2.07 ~ 2 1  
7.03 3-21 2,95 E:.-31 1.- 56 ~-21- 
1..00 z-20 11.15 E-21 5 .oo ili-722 

1.h5 E-20 3 . 38 E 2 1. 9.97  E-23 
1. 1.6 E-20 5.40 E--22 2 "1J E-21 
14 .9'T 9-21. 'T.00 E-23 
9.71 3-22 
3.08 5-22 
1. 039 z-22 
7.1.0 E-23 

. . . . . . . . . . . . . . .  .... __I ................ - -- . ..... .. . .. ~ _ _ _ _ _ _  .._-I .. I 

Kefereilces : 

M . E ,  Rudd and J.2. Macek, Case 3tudi.es ii? Atomic Physics  3, '-[.j (1.972). 

___^.____ .. 

- M . d .  Hudd,  C .A.  Saut tcr  , and C . L .  Ba i ley ,  Pnys .  ~ e v .  I_ 151, 20 (1966). 

I Accuracy: . - ........... 
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A.5.20 

Angular DistTibutian of Xlectrons of Various Energies 

from 300-keV Protori impacts in d 
2 

.. . . . . . . . . . . . . . .. ........ . . . . . . . . . ... ... . . . .. . . . . . . . . . . . 
~ 

............ .. .~ - - - -. . . . . . - __.I. -. . . . . . . 

Cross S e c t i o n s  
(cn2/ev sr) 

LO 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
1140 
150 
I 6  0 

10 eV 20 eV 60 eV 
._-.-_- 

5.31 E-19 
4.79 E-19 
5 . 1 1  E-19 
5 .a 3-19 
5 . 1 1  E-19 
4.79 z-I? 
1.). 32 E-19 

2-48 Z-19 
3.51 f ; - l?  

1.62 ~ - 1 9  
1.~23 E-19 
9.65 d.-20 
8,76 E-20 
8.11 3-20 
7 .TO E-20 
‘7.31 E-20 

2.34 &--19 
2,16 E-19 
2.40 .ELL9 
2 , 5 6  E-19 
2.59 d-19 
2 * 4 3  E-19 
2.08 e-19 

9.9h !d--20 
1.61. E-19 

5.60 3-20 
3.71. E-20 
2.73 z-20 
2 0 2 5  E-20 

1 . ,-()-I E-20 
1 . 6 2  E-20 

1.95 E-20 

b.89 E-20 
3.42 E-20 
3.84 E-20 
4 .48  E-20 
5 .I19 E-20 
5 .99 E-20 
5.08 E-20 

9 .81  E.-21 
2 .71  E-20 

3 . 5 2  3-21 
2 . 0 1  E-21. 
1.31 E-21  
1.1.0 E-21  
9.:L6 z-22 
8.2)k E-22 
7.20 E-22 

M.Z. Rudd, C.A.  SauLter, and C.L. Bai l ey ,  Phys. Rev. -2 151 20 (1.966). 
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A.5.22 

2 
D i f P e r e n t i a l  Cross Sec t ions  f o r  E j e c t i o n  of  E lec t rons  from H 

-t- 
Molecules hy 50-keV H P r o j e c t i l e s  

( T h e  e l e c t r o n  energy d i s t r i b u t i o n s  were measured at var ious  anal es ,  

shown a longs ide  t h e  curves ,  from the i n c i d e n t  bemi d i r e c t i o n . )  

I 
.......... -. .. . . . . - -~ .... ____ ......... __ __ -. . . . .. 

D i f f e r e n t i a l  Cross Sec t ions  
( cm2/ev-sr-molecde) 

5.0 E 00 
1 . 0  E 0 1  
1 . 5  E 01 
2 . 0  E 0 1  
3.0 E 0 1  
4 . 0  E 0 1  
5 .0  E 01 
6 . 0  E 01 
7.0 E 01 
8.0 E 0 1  
9.0 E 01 
1.0 E 02 
1.1 E 02 
1.2 E 02 
1 . 3  E 02 
1 . 4  E 02 
1 .5  E 0% 

3.80 E-19 
2.69 ~ - 1 9  
l s b >  X-19 
8.'(0 3-20 
3.34 z-20 

3.00 ~ - a  

1 . 4 1  E-20 
6.40 E-21 

67.5O 

5.33 E-19 

2 .Jh2 E-19 
1.13 E-19 
5.58 E-20 
2.79 3-20 
l . 4 1  E-20 
'T.39 E-21  
3.90 E-21 
2.08 E-21  
1.. 13  E-21  

5.70 E-19 

3.59 E-19 

3.30 E-19 
1.40 E-18 
l"20 E-18 
9.80 E-19 
6.19 E-19 
3.70 E-19 
2.10 E-19 
l m l b  E-19 
6.20 E-20 
3.32 E-20 
1 - 7 3  E--20 

230 

2 .40  E-18 
4 .10  E-18 

- 

3.38 E-18 
2-70 E-18 

1.18 E-18 
1 .80  E-1-8 

7.59 E-I9 
4.83 E--19 
3.00 E-19 

1.06 E-19 
6.10 E-20 

1 .92  E-20 
1,02 A - 3 0  
>.Ol E-21 
2 -02 E-21 

1-81 e-19 

3.47 E-20 

Reference : 

C.E. Kuyait and 'T. Jorgensen,  Phys. Rev. - 130, 141+)h (1.963). 

Accuracy : 

Estimates  of t o t a l  e n o r  a r e  i n d i c a t e d  by t h e  v e r t i c a l  bars on t h e  di-awing. 
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A. 5.24 

D i f f e r e n t i a l  Cr'oss S e c t i o m  f o r  X j e c t i o n  of  E l e c i r  m s  l m m  

Jr H e  Aio rns  by 50-keV H P r o j e c t i l e s  

shown a longs ide  t h e  c u ~ v e s ,  from tlic incir lent  beam d i r e c t i o n .  1 
....... ....... ...... . . . .  - ___ ................... ___ .... .......... ........ _ _ ~  .- ~ - - _ _ _  ...... . ......... . -. ~_ _____.. - __ .- -..- 

Energy Differential Cross S e c t i o n s  
k v  ) ( ca2 J CV-s r --mi, 1.e CUI. e ) 

___._ .. I_ ____._._ 

0 1: 0 1  
2.0 E 01 
14.0 E 01 
6.0 E 01 
8 . 0  E 03.. 
1 . 0  E 02 
1 . 2  E 09 
1 . 4  E 02 
1.6 E 02 
1 . 8  E: 0% 
?.O E O? 
2.2 E 02 
2 . 4  E 02 
2.6 E 02 
?.8 E 02 
3 .0  E 02 

1 .20  3-19 
4.00 E-20 
1 . 0 3  E-20 
2 ,29  I!:-21- 
7.60 E-22 
3.10 31-22 
I. )+O r:..-22 
6.80 E-23 
3.40 , 3 2 3  
1 .80  3-23 

2 -00 E-19 
7 . '7-9 E.20 
2 * 9 7  E-20 
1.01. E-20 
3.68 
1.33 E - 2 1  
5 . 1 5  E-'22 
2.12 E-22 
8.97 E-23 
14.30 E 2 3  
2 -25 E-23 
1.29 E-23 

1.46 E-19 
5.119 ~ : - 2 o  
3.08 Z-20 
8 .00 E-31 
3.14 E-21 

5.44 E-22 
2 110 r:.-32 

5.02 E-23 

1.30 E:-?] 

1.09 E-22 

2,45 E-23 

3.116 E-19 
1 .63  E-19  
7.'72 E-XI 
3 . 1 L  E.20 
1.37 E-20 
5.40 F,.-21 
2.lk E-21  
8.90 <.-22 
3.77 E-22 
1.63 F-22 
7 .20  E-23 
3.38 E-23 
i -69 H.23 

1.51 E-18 
2 -00 !d.-18 
4 .  I5 E-19 
2.04 E.19 
9.40 E-20 
b.00 E-20 
1.60 z-20 
6.22 E-21  
2 - 5 0  3-71. 
1 . 0 1  E-21  
h . 3 9  E-?? 
1.89 E-22 
8.33 E-23 
3.33 E-23 
1.93 E-23 
1.06 E-23 

....... ... .... .......... _____ .... .... . .- ...____ . __ I _ _ _ -  

Heferencr:  

1fl.E. Rudd and 'T. Jorgensen ,  Phys. Rev. - 131, 666 (1963). 

A c  c ur ac y ; ___. ...... .- 

Estimates of  total. e r r o r  are i n d i c a t e d  by the v e r t i c a l  bars on t h e  dl-awing. 
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A. 5.26 

Cross Sec t ions  for Produciior? of Slow 

9. i" 
E l e c t r o n s  in C o l l i s i o n s  of' d and H in H:, 

2 3 

Energy 
(keV) 

CTOSS Sec t ions  
( cm2 1 

1.0 00 
3.0 Z 00 
6.0 E 00 
1.0 E 01 
3.0 E 01. 
6,o E 01 
1.0 E 02 

+ 
H2 
_..- 

2 .9 Z--l-'f 
5.7 X-17 
1.0 3-16 
1.6 g-16 
3.2  E-16 
14 .o 13-16 
4.0 E-16 

c 
H 3  
- 

l.3 E-17 
3.6 E-1'7 
7.2 E-17 
1.1 E-16 
2.6 E-16 
3.6 E-16 
h . 3  E-1.6 

References : 

Yu. S o  Gordeev and M . 3 .  Panov, Sov. Phys.-r2ech. Phys. 2, 656 (196h); 
V.V. Afrosimov, R . X .  il'in, and M.V.  Fcdorenko, Sov. Phys.-Tech. Phys. 
I 3, 2080 (1958). 

Accuracy: .- 
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Cross Sect ions  for E l e c t r o n  Loss or SLrippj-ilg 

2 of 11 A t o m  i n  I-I and H 

1.2 E 00 
2.0 E 00 
5.0 h 30 
' f . 0  F;: 00 
1.0 E 01 
2.0 E 01 
5.0 01 
7.0 3 01 
1.0 E 02 
2.0 E 02 
5.0 F: 02 
7.0 E 03 
1.0 d 03 
2.0 F 03 
5.0 03 
i . 0  E 03 
1.0 r: 04 

H 
- 

3.0 3-1-8 

4.2 E-17 
5.6 E-17 
7.7 d-ri 
i,2 z-16 
8.8 ~-17 
7.5 d--1-7 
6.2 z-17 
4.3 x-17 

2.0 E-17 

H2 

6 .O E-1.7 
7.3 2-17 
7.4 E-1'7 
9.2 ~ - i r r  
1.,3 E-16 
1 . 5  ~-1-5 
1 . 3  E-16 
1. 3. E-16 
7.0  i3-17 
3.2  Z-1-7 
2.3 E-17 
1:r E-17 
9.2 E-18 
4.1 ~-18 
3.1 E-18 
2.3 %:18 

References : 

H -t H :  
a n d  H.B. Gilboily, Proc.  Phys, SOC. 91, 306 (1967); L.M. Welsh, K.H.  
Berkner,  S.N. K a p l a n ,  and X . V .  Pyle,Phys. Rev. a, 85 (1967). 
15. + H2: 
P.M. S t i e r  and. C,F. Barnett, Phys. Rev. 103, 896 (19m; G,W. M c C L u r e ,  
pilys. Rev. 134, ..-- A-1226 (1964); L.H.  Toburen, M.Y.  N a k . a i ,  and R,A. Langl-ey, 
Phys. Rev. 1.71, 1 1 4  (1968); J . F .  Williams, Phys. Rev. 157, 97 (1.96'0; 
K . B .  Rerkner,S.N. K a p l a n ,  and R.V. Pyk, Phys. Rev. - 1x A1461 (1.961C); 
L.M. Welsh, K.H.  Berkner, S.N. K a p l a n ,  and X.V.  P y l k ,  Phys. Rev. - 9  158 

G.W. McClure, Thys. Rev. - 166, 22 (1368); A.B.  Wi-ttkower, G. Lev-,  

C.F. Barnett and 1I.K.  Reynol.ds, Phys, Hev. 109, 355 (1.958); 

85 (1967). 

Ac curacv : 

+ 25% 
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A.5.30 

T o t a l  Apparent Cross Sec t ion  f o r  the Product ion of Slow 

P o s i t i v e  Ions by H Atoms I n c i d e n t  on H and He 0 

2 

.............. ............................. ...... -. ........ -. . - - - ....................... ____ ________ 
Energy H;? He 
( keV ) Cross Sec t ion  Cross Sec t ion  

(cm2 CcmZ ) 

1.5 3 02 
2.0 x 02 
3.0 E 02 
4.0 E 02 

3.15 E-17 
8.01 E-1'7 
is . zo  e-17 
14.99 e-17 

4.00 E-17 
3.80 ~ - 1 ' 7  
3.1.5 E-17 
2.61 E-lr7 

References:  

21: 

H e :  

-. 

L . J .  P u c k c t t ,  G.O.  Taylor ,  and D.W. Mart in ,  Phys. Xev. - 178, 271 (1969) .  

L . J .  Pucke t t ,  G . O .  Taylor ,  and I I * X *  Mart in ,  Phys. iiev. II 178, 2(1 (1969). 

Accuracy: 
-__̂ _-- 
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A.5.32 

To'ial. Cross Sec t ion  for the Prodi.z@tion of 

0 Free Elec t rons  by R Atoms in ii and He 
0 2 

Cross Sect ions  
( cm2 ) 

1-5 E 02 
2,o F: 02 
2 .>  r: 02 
3.0 E 02 
3.3  H 02 

I1 e T I  

l'2 

1.91 E-1-6 1.08 E-16 
1.67 E-16 1 .oh E-16 
1.35 H-L6 9.00 ~-1-i 
1-12 E-16 8.00 E-17 
1.00 E-36 r.50 E-17 

.................... -.. ..... _- ..-.- 
-I__ .̂-.- ..................... ............. ........-. - ....... - - .-_.-l.l_l.lllll_ ~ 

Reference: 
__I_^_____ 

H2: 

He: 

L . J .  Puckett ,  G . O .  Taylor ,  and- i ) - W .  Martin, Phys.  gev. -- 178, .- 2'11 (1969). 

L,J. P u c k e t t ,  G.O. Taylor ,  and 11.W. Martin, Phys. Rev. - 178, 271 (1969) .  

Accuracy I : 

2 20%. 
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A.5.31! 

Cross Sections f o r  Zlecti-oil Loss o r  Stripping 

for Metastable  H(2s) Atoms i n  H a a r l  He 2 

dnergy 
(keV) 

Cross S e c t i o n s  
( cm2 ) 

5.0  E 00 
1.0 E 01 

2.0 J 3  01 
11.0 E 01 
5 .0  x 01 
1.0 E 02 
2 , o  F: 02 
4.0 E 0? 
5.0 E 02 

1.5 H 01 

z , >  P:-16 
2 .9  E-16 
3.5 s-16 
3.9 E-16 
4.5 3-16 

3.2 ~1-16 
2.0 E-16 
1.0 z-16 
8.0 E-l/ 

4.5 E-16 

2*9 5;-16 
3 . h  E-16 
3.2 E-16 
3.1 E-16 
2.3 x-16 
2,o E-16 
1.3 E-16 
7. 7 E-11.'7 
5 . j  ~-17 
5.0 s-l( 

References:  

H(2s) -t H2: 
94 (1971); H.B. Gilbody and J.L. Corr ,  J-. Phys. R 7, 1953 (197(b). 

11--..- .... -._-m_-. 

H . B .  Gilbody, R . M .  Reynolds, and G . I .  Hi.ddel1, J. Phys. 13 - 4, 

H(2s) t- He: H.B. Gi lhody ,  R. Browning, R.M. Reynolds, and G . 1 .  R idde l l ,  
J. Phys. R 4, 94 (1971); R.H. Hughes 2nd S.S. Choc, Phys. Rev. A - 6, 1413 
(1972) ;  1I.B. Gilbody and J . L .  Corn, 3.  Phys. €3 7,  1953 (19'(4). 

- 
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A.5.36  

Cross Sec t ions  f o r  E l e c t r o n  Stripping 

11 A t v m s  i n  He and Ne 

Energy Cross Sec t ions  
(keV) ( Crn2 ) - _. ..............._II -.-. ........ ~ .-_. 

4.2 Z 00 
6.0 E 00 
8 . 0  E 00 
1 . 0  E 0 1  
2 .0  F: 0 1  
5.0 r: 0 1  
8 .0  E 01 
1 . 0  E 02 
2 .0  E 02 
> . o  E 02 
8 .0  E 02 
1 . 0  E 03 
2 . 0  E 03 
5.0 i;: 03 
8 . 0  E 03 
1 . 0  E 04 
1 . 5  E 04 

He ....... 

1,22 ~ - 1 6  
1 . 4 4  3-16 
1 .49  z-1.6 
I.  47 3-16 
1-35 3-16 
1-23 2-16 
9.70 E:.-1-7 
9.18 z-i'-{ 
5 .76  3-17 
2*56 2-17 
I. 63 ~..-1.7 
1. 33 d-l'-( 
7.05 3-18 
2.58 3-18 
1.98 3-J.8 
1-60 E-18  
1.13 E-1.8 

N e 
1 

6.6'1 E - L ~  
8.91- E-1'7 
1 . 0 9  E-16  
1 . 2 3  E-16 

2.00 E-16 
1 .99 E-I6 

1.. 69 g-16 

1.94 2-16 
1 .62  E-16 

. . . . . . . . . . ..... ~ .............. . .. .. ...... ~..  -~-.___ .... ~ .....- . .. . -. . -. ............. ~ 
- .... 

References:  

H -!- H e :  C.F,  Ba rne t t  and H . K .  Reynolds, Phys.  Rev. lo?, 355 (1958) ;  
P.M. Stier and C.F. B a r n e t t ,  Phys. Rev. - 103, 896 (lgm; G.W. McClure, 
FQ-s. Rev. .111 1.34, A-1226 (1964) ;  Lex .  Toburen, M.Y. Nakai, sild R.A.  Langley, 
Phys. Rev. 171, 11.4 (1968);  J . F .  WiI.l.Tams, Phys. Rev. 1.57, 9.7 (1-367); 
K.H. S e r k n e 7 S . N .  Kaplan, and R . V .  Py le ,  Phys. Rev. lx A-11161 (19614); 
L.M. Welsh, K . H .  Bei-kner, S,N. Kaplan, axid R.V.  Py le ,  Phys. Rev. 1_1_ 158, 

_._ ......_ 

85 (196.0 . 
H 6 Ne: P.M. S t i e r  and C.F. B a r n e t t ,  Phys. Hev. .-L_ 103, 896 (1956) .  

Accuracy : 
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A. 5.38 

Cross Sections for Elec t ron  Loss of H A t o m s  

i n  N2, 02, and H 0 
2 

Energy 
(kzV) 

Cross Sec t ions  
( ern2 ) 

3.0 E 00 
h.0 E 00 
6.0 P: 00 
8.0 3 00 
1.0 H 01 
2.0 z 31 
5.0 z 01 
1.0 E 02 
2.0 E 02 
5.0 z 02 
1.0 E 03 
1 - 5  E 03 
2.0 r: 03 
5.0 E 03 
1 . 0  Z 04 

1 . 6 8  E-16 
2 .28 E - I 6  
2 , 7 8  E-16 
3.14 E--16 
4.18 E-16 

4.62 E-16 
3.74 H-J-6 

4.84 E-16 

2,36 E-16 
1 . 5 4  E-1.6 
i,io E-16 
8.88 E-17 
3.90 E-lr[  
2 "  02 E-1.7 

0 2  
I 

1 .29 3-16 
1 , 6 8  E-16 
2 ,22  E-16 
2.68 E-16 
3.00 E-16 
3.90 E-16 
b .5?  ~ - 1 6  
4.36 E-16 3.18 3-16 
3.66 E-16 2.70 E-16 
2 -66  E-16 1 . 5 5  i-16 
1.51 E-16 9.81 E-l ' r  
1.15 E-16 r 7  .io E-17 
9.48 E-17 5.70 E-17 

References:  

W + N2: C.F. Ba rne t t  and H . K .  Reynolds, Phys. Rev. 109 ,  355 (1958) ;  
P.M. Stier and C.F. B a r n e t t ,  Phys. Rev. 103,  896 (19567; L . H .  Toburen, 
M.Y. Nak-ai., and R.A.  Langl.ey, Phys. Rev. z9 114 (1968);  K . 3 .  Berkner ,  
S.N. Kaplan, and R . V .  P y l e ,  Phys. Rev. -_- 13)-+, A-1461. (1-964); L.M. Welsh, 
K.H. a e r k n e r ,  S.N. Kaplam., and R . V .  Py le ,  Phys. Rev. - 158, 85 (1967) ;  
U. Schryber ,  Eel. Phys. Acta 40, 1023 (1967'); H. Tawara and A. Riissek, 
Hev. Mod. Phys. I 45, 178 (1973r 

H + 0 2 :  
L . H .  Tabwen,  M . Y .  Nakai,  and R . A .  Langley, Phys. Rev. l r r 1 9  1111- (1968) ;  
11. T a w a r a  and A.  Russek, Rev. Mod. Phys. ..- h 5 ,  178 (1973). 

P.M. S- t i e r  and C.F. Barne t t ,  Phys. Hev. -.--..- 103,  896 (1956) ;  

;I + H20: L.H.  Toburen, M . Y .  Nakai,  and R . A .  Langlky, Phys. Rev. 111:-, 
114 (1968). 

Accuracy : 

- + 25%. 
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Cross Sec t ions  for Elec t ron  P r o d i x t i o n  i n  

N2 and 0 by tI A t m i  Impact ? 

Cross Sections 
( cia2 ) 

1.0 E-01 

b .  0 3-01 
6 .o E-01 
1 . 0  11: 00 
2.0 E: 00 
4.0 E 00 
6.0 E 00 
3.0 S 01 
2 , O  E 01 
4.0 d 01 
6-0 3 01 
1.0 h 02 
2,o 2 O? 
4.0 E 02 

2 ,O E-01. 
8.0 g-1.8 
2.4 E-17 
5 .9 :~--17 
9.0 1-17 
1.5 3..-16 
2 -6 E.-16 
4.2 E-16 
5 .O .~-16 
.7.4 3-16 
1.0 E-15 
1..1 E--l.5 
1.0 E-15 
8.0 z-1.6 
5.8 E-16 
4 .2  z-1.6 

1 . 5  E-1 *( 
3 .7  2-i7 
8 .3  ~ - 1 7  
i.,z x-16 
1 .7 E-16 
2 . 5  2-16 
3. i E-16 
4.3 E-16 
> .O E-16 

References: 

If + N2: 
L.J. Pucket t ,  G.O. I ' ay lor ,  and D.W. Mart in ,  Phys. Hev. m, 271 (1969); 
A . S ~  Solov'ev, R.X. ll'in, V.A.  Oparin,  and N.V. Fedorcnko, Sov. Phys.- 
JhTP 15, 459 (1962); R.J. McNeal and D.C. C l a r k ,  J. Geophys. Rcs. I_- 7)1 

1 _ _ 1 _ _ 1 ~  

H . H .  FlPischmann a n d  R . A .  Young, P'nys. L e t t .  -I- ?9'A, ?87 (1969); 

-l 

5065 11969). 

3 + 0 2 :  
R.J. McSeal., D . C .  C l a r k ,  and X.A. Kllngbery,  Phys. Rev. A 2, 131 (1970). 

13.2. Fleischmann and I?.),. Young, Phys,  Lett. -I_- 29A, 287 (1969); 
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A.5.42 

Cross S e c t i o n s  for One E l e c t r o n  Loss 

of H Atoms in Na, K ,  and Mg 

4.0 i-i 00 
6.0 E 00 2.6 3-16 
8.0 E 00 3.6 3-16 
1.0 E 01 4.6 ~:-16 
1.5 E 01 5.9 3-16 
2*0 i.: (21 5 . 3  e-si; 
2-5 E 01 b . 5  E-16 
3.0 E 01 
h.0 E 01 
G 9 0  E OJ. 

iVa Na. 2 
I_ _- 

4.8 z-16 2,4 d-16 
4.0 E-16 3.1 E-16 

3.5 e.-16 
3.8 E-16 
3.9 g-16 
3.7 3-16 

1.9 F-1-( 
3 -3 E-17 
5.2 F-17 
7.6 E-17 
1.*8 E-16 
3.3 E-16 
'3.3 ~-16 

1 . 5  g-16 
3.1 E-15 

2.7 ~-16 

3.3 2-16 
3.1 E-1.6 
2.8 E-16 

2 .5  E-16 
3.0 E - l 6  

References : 

II 1- K :  R . A .  Nieman, Ph.D. Thesis, U n i v e m i t y  of Pittsburgh, P i t t s b u r g h ,  PA. 

H 3 Na: R.A. Nieman, Ph.D, T h e s i s ,  IJnivers i ty  of P i t t s b u r g h ,  P i t t s b u r g h ,  PA. 

d t N a 2 :  V .A.  Opar in ,  R . X .  I l l i n ,  and g . S .  Solov'ev, Sov. Phys.-JTTP 
.- 25, 240 (1967) .  

!i + Mg2: V . A .  Oparin,  R . X .  I l l i n ,  and E.S. Solov'ev, S O ~ .  Phys.-JETP 
- 25, 240 (1967). 

H -I- Mgi: A.H. Futch and K.G. Moses, Vifth LniL. Conf. on Xlec t ronic  & 
A t o m i c  C o l l i s i o n s  (Leningrad,  1967) P u b l i s h i n g  Housc: Xauka (Leningrad)  
p .  12 (1967). 

A c  curacy : 

'The accuracy is no be-tter t h a n  a facbor of  2 t o  3. 

Note : 

Nap - and Mg2 refei- t o  a d i f f e ren t ,  s e t  of m e a s u r e m e n t s  and not  a mol-ecule. 



A.5 .43  

10-’5 

5 

I-- 

ORNL-DWG 75-241 

10‘ 2 5 
ENERGY (keV1 



A.5.44 

Ci-oss Sec t ions  f o r  One Llectroi i  T,oss 

of H2 amd D i n  :I and D Gas 
2 2 2 
.. ........... ........ -. ....... . .  - .. ~ _ _  ........ ....... __ ................ ..~ ___-. _- __-__ 

Energy Cross Secti-ons 
(keV) ( cm2) 

_. ..........__I___ . ............ .- -. . ................... --- 

5 .o E-02 
7.5 z-02 
1.. 0 E-01 
2.0 E-01 
3.0  x-Ol 
5 .0  E-01 
6.0 L 00 
1.0 E 01 
2.0 E 01 
5.0 E 01 
1.0 E 02 
1.2 E 02 

5 . o  z-19 
2.8 3-18 
5.7 z-18 
1.4 E-17 
1.9 z-17 
2.2 E - l i  
5.2 e-17 
6.7 3-17 
1.2 E-16 
1.8 3-16 
2.0 E-16 
2.0 E-16 

3.8 E-19 
1.3 s-18 
2-7 E-18 
8.'( &-SF! 

1.3 ~ - 1 7  
1 . ' I  !d--l?( 

......... . ........ . .............. ........ -. ..... ..____ ..... -. .- ... - . -- __ - - .~. ....... ___ - 

References : 

+- H2: R . K .  Peterson and M .  E i s n e r ,  Phys. Rev. A 8, 1289 (1-973); 
G,W.  McClure, Phys. Rev. --.- 13lt, A 1226 (1.964); T . J .  Mo'r-gan, K.3. Rerkne r ,  
and 3.V. Pyle, Phys, Rev. A 2, 1591 ( 1 9 ' r P ) .  

Dz + D2: R.K. Peterson and !.I. E i s n e r ,  Phys. Rev. A &, 1289 (1.973). 
Accuracy : _.____ 
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Cross S e c t i o n s  foP Electroi l  Product ion 

i n  C o l l i s i o n s  of 13- wi th  H Atoms 

......... .- ....... __ .. __-_ -___ .......... .... -. . - .I-- I_.______- -- 
Energy Cross Sec t ions  

( cm2 ) 
........... -. 1.-. . . 

(keV) 
........... -. 

4.0 E-01 
6.0 E-01. 
8.0 E-01 
1,o x 00 
2*0 E 00 
i 4 . 0  E 00 
6.0 d 00 
8.0 Z 00 
1.0 E 07. 
2 , o  E 01 
4.0 3 01 
5.0 E 01 

I., 70 ~ - 1 5  
1.48 3-1.5 
1,314 E-15 
1.26 E-15 
1.11 E-1.5 
1.02 E-15 
1 . 0 0  E-1.5 
9.80 E-16 
9.40 13-16 
7.10 E-16 
11.40 E-16 
3.40 1:-1.6 

.__.. __ ........ . .- .- .......... __ -. ....... - ___ __l__..l .-. ......... ___ ~- _- ........ ...... 

References ; 

D . G .  fIWner, R . F .  Stebbrings, W.L. F i t e ,  and L.M. Sranscomb, Phys. Rev. -..-.."> 119 
668 (1960). 

Accuracy : -.̂ .I.- 

- + 30%. 
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4.5.48 

Cross 3 e c t i o n s  f o r  Onc *:LPctron Loss 

Cross S e c t i  [:xis 
( em2 

-y2 

2 .0  z-01 
5 . 0  d-01 
1 . 0  E 00 
2.0 d 00 
5 .0  d 03 
1 . 0  z 0 1  
2 .0  i3 91 
>.0 E 01  
1 . 0  r: 32 
2.0 i.: 02 
5.0 E 0? 
1.0 'r: 03 
2.0 E 03 
5.0 E 03 
1.0 d oh 
1.'( d 04 

y . 5  13-16 
1.0 s-1.j 
I .I. E-15 
1.2 s-1..5 
1.2 2-15 
1. o E-15 
8.'( r:-i6 

4.0 E:-16 
2,6 2-16 
L.3 d-l.-( 
'7.2 E-17 
3 .3  E-lr( 
1.~2 E - i r i  
5 . 5  8-18 

6.0 E-16 

2.7 2-18 
........ ..... . . .~ ........ - ___.. -. .... ....... ___ .......... ..... - ......... 

References : 

H- i- H2: 
B a r n e t t ,  Phys. Rev. 103,  896 (1956); P . 3 .  Rose, R . J .  ConnoT, and R.P. Bastide, 
Bu1.1. Am. Phys. S O C ,  11-3, 40 (1958); G . I .  D i m o v  an& V.G. Dudnikov, Sov. 
Phys.-'Tech. Phys. 1.1, 91.9 (1964); K.B.  Fierlinei", S.N. Kaplan, and R . V .  QLe, 
Phys. Rev. L3k, AlTCl (1.964); R .  Smythe and J.W. Toevs, Phys. R e v .  1.39, 
A-15  ( 1.965) ; ,i. Tawai-a  and A .  Ru.ssek, Eiev. Mod. Phys . 115, 1'78 (1973.)-;*--- 
J.S. Risl-ey and R. Gebal lc ,  Phys. Rev. A - 9 ,  2485 ( 19r(h.)-i F.R. Simpsoil and 
I1.B. Gilbody, J .  Phys. B 2, 1959 (1972). 

-. ..... 

J.F. WiI.l.iams, Phys. Xev-.  --._ 1 5 / L p  9 (1.967); P.M. S t i . e r  and C.F. 

.. 

... 
I-! + Ee: J.F. Willia.ms, Phys.  Rev. - 154 9 (1967) ; G . 1 .  DTmov and 
V . G .  Dudnikov, Sov. Phys.-Tech. Phys. 11, 919 (1967) ;  P.M. S-Lier and 

3.V. P y l e ,  Phys. iiev. &34-, A-1461 (1961~); F.R. Simpson and H.B. Gilbody, 
J .  Dhys. 3 2, 1959 ( 1 9 7 a ;  J.S. Risley and. H. Geballe, Phys. Rev. A 9 ,  
2485 (19'74); 3. T a w a r a  and A. K u s s e k ,  Rev. Mod. Phys. - 4 5 ,  1.78 (19r3)- 

r- .F. Sarneti;, Ph.ys. Rzv. E, 896 ( 1 9 5 g ;  K . H .  B e r k i i e r ,  S .Ti. Kaplm, arid 

_ Accuracy: -t 2>%.  ................. __ s 

Note : 

Foi- total detschm.2nt  cross sect i -ons + see J.S. R i s k y  and. 
H .  Geballe,  Phys. Rev. A 9 ,  2485 (1974); J .S .  R i s k y ,  Phys. Rev. A lo., 
'1.31 (1.9711); J . B .  Hasted aGd R.A. Smith, h o c .  Roy. S O C .  (Lond,) - A235, 
3149 (1956) ;  J . B . H .  Stedefori i  and J . H .  Hastxd, Proc. Roy. Soc.  (Land.) 
~227, 466 (1955); E.E. K u s c h l i t z ,  Jr., T . L .  B a i l e y ,  and J . H .  Simons, 
J .  Chem. Phys. - 211, 1202 (1956) and J .  C h e m .  Phys. .- 26, 711 (1957). 
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Cross S e c t i o n s  f o r  Loss of Two %l.ectrons 

i n  C o l l i s i o n s  of H- with  ii a n d  H e  
2 

..... ... ~ ...... ................... .......... .-__ 

Energy 
(keV) 

Cross Secti-ons 
( em2 ) 

H2 

3.1) E 00 
5.0 E 00 
1.0 E 01 
2.0 z 01 
5 . 0  & 01 
1.0 E O? 
2.0 E: 02 
5.0 E 02 
1 . 0  d 03 
2.0 r: 03 
> . O  h 03 
1 . 0  E Oh 

2 ~ 1. ELI.'-( 

4 .0  3-17 
I + . ) +  E-17 
4.2 E-2.7 
3 .0  E-17  
1.7 E-17 
7 . o  E-18 
3.5 E-18 
1.7 E-1.8 
6 . 5  ~ - 1 9  

3 .1  E-1'7 

3 .0  E-1.9 

iie 
- 

2 - 7  E-l/ 
4.<( G - 1 7  
5 . 1  E-l'( 
h . 3  E-17  
2 . 3  E - l [  
1.2 E-17 
6 . 0  z-18 
? n >  T--18 
1 .3  E-18 
6 .5  GI? 
2 . 7  ~ - 1 9  
1 . h  x-19 

References:  

H- 6 H2: 
J.F. Williams, Phys, Rev. 154,  9 (1.967); K.H. Berknei-, S.N. Kapla,n, and 
R . V .  Pyl-e, Phys. Rev. 134, ~-1) -161  (196h); H. Smytlie and J . W .  'Toevs, Phys. 
Rev. 133, A-15 (1965); G .  T i s o n e  and L.M. Branscomb, a u l l .  Am. Phys. SOC. 
- 9,  5351964); Y a .  M. Fogel ,  V .A.  Ankudinov, and. K.R. Slabospi - t sk i ,  
Sov. Phys.-JETP - 5, 382 (1957) .  

13.- t He: 
V . G .  Dudnikov, Sov. Phys.-Tech. Phys. 11, 919 (1967); K . 3 .  Serkner, 
S.N. Kaplan, and R . V .  Pyl-e, Phys. Rev.134, ~-1Jh61 (1964); Ya, M. Fogel,  
V . A .  Ankudinov, and R . E .  S l a b o s p i t s k i ,  S O ~ .  Phys.-JETP 2, 382 (1.95'7). 

H. Tawa.ra and A .  Russek, Xev. Mod. Phys. 45, 178 (1973);  -- 

J.F. W i l l i a m s ,  Phys. Rev. 15k, 9 (1967) ;  G.1, Dimov, a n d  
I_ 

Ac curacy : - II 





A.5.52 

Cross S e c t i o n s  

o r  S t r i p p i n g  

for One d l c c t r o n  Loss  

f o r  H-" i.n o and N 2 2 

Cross S e c t i o n s  
( em2 ) 

2.0 E-01 
5.0 E-01 
1.0 li 00 
2.0 E 00 
5.0 E 00 
1.0 E 01. 
2.0 E 01 
> , o  E 01 
1.0 f! 02 
2.0 E 02 
5.0 E 02 
1.0 E: 93 
2.0 Ji 03 
5.0 E 03 
1.0 E 04 
1.. 5 E 04 

cJ2 
I_ 

1.1 E-1.5 
1 . 6  ~ - i >  

1 . 9  e-15 

1.9 E-15 
3.1 E-15 

1.7 E-15 
1 . 5  E-15 
1.2 d-I5 
9.8 3-16 
7.5 E-16 
4.6 d-16 
3.0 E-16 
1 . 9  x-16 
1.0 E-16 
5.5 d-l( 
3.8 E-17 

0 2  

1.5 .Z-:15 
1. 4 E.-lS 
1.3 3-15 
1,1 E-15 
1.1 E-1.5 
1 .I.  E-15 
1.2 Z:--?.$ 
1.1- E-15 
1.0 E-15 
9 . 0  S-15 
5.8 ~ - 1 5  
3.6 E-15 
?*I. e-1.5 
9 . 8  E-1.5 
5.3 &-15 
4 .0 E-J.5 

References : 

- 
B 9. N 2 : H. Tawam an.d A. Riissek, Rev. Mod. Phys. )~!5, 178 (19.73); G.I. 
Dimov and V. G. Dudnikov, Sov. Phys .-Tech. Phys . 2,-.9:1-9 (1967) ; K .I<. 
Berlmer, S.N. Kaplan, and R.V. Yyle, Phys. Rev. 1-34, A-1461~ (1964); 
I. Kovacs, N u c l .  I n s t r .  Meth. 51, 224 (1967); J .S .  Ris1.ey and R .  Gzbal-le, 
Phys. Re-v. A 9 ,  21185 (1974) ;  RTSmythe and ,Jew. 'Toevs, Phys, Rev. 132, 
A-15 (1.965); P.M. S t i e r  and C.F. 3 a r n e t t ,  Phys. Rev. I_..^ 103, 896 ( 1 9 5 g .  

9- + 0 2 :  
P.M. ROSCT' ~ R .  J .  Connor, and R.P. Bas t ide ,  B u l l .  Am. Phys. S o c .  .... T T - 3 ,  .- 

b0 (1958); J.S. Risl-ey and R .  Geballe, Phys. Hev. A 9 ,  2485 (19'rJ.d; 
R. Smythe and J.W. Toevs, Phys . Rev. .I.̂- 1.39, A-15 (19657; D.V.  Phipenko, 
V.A. G U S ~ V ,  and Ya, M. il'ogei, Sov. Phys.--JZTP 22, 965 (1966) .  

P.M. S t i e r  and C.F. B.zrnet t ,  Phys. Rev. -, 103 896 (1956);  

Note : 

F o r  t o t a l  detachment cross s e c t i o n s  ( 0 - 1 0  4- 20-11) s e e :  
J . S .  R i s k y  and R .  Geballe, Phys. Rev. A 9 ,  2485 (19'0)); R.  Smythc and 
J.W. Toevs, Phys. Rev. 139, A-15 (1965); 3.S. R i s k y ,  Phys. Rev. A IO, 
731 (1974)  ; 'Y.I,* Bai1ey"kid P. Mahadevm, J. Chem. Phys. _1 52,  179 (l-rb). 
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A.5.54 

Cross Sec-tions f o r  LOSS of TWO d l e c t r o n s  by 2- i n  N and o 2 2 
___ ___ ___ .... ~- ...... _____ ___ .~ ._ .. 

Energy Cross S e c t i o n s  
(keV) ( cm2 

_I.- -.. -..-_- 

N2 02 - - 

5.0 3 00 1.1 E-16 8.4 E-1.7 
1.0 E 01 1.1 E-16 9.2 E-17 

1.3 E-16 1 . 2  g-16 2.0 E 01. 
4.0 E 01 1.8 E-16 1.6 13-16 
5.0 :E 01 2.0 z-16 
1.0 E 02 3 . o  E-16 
2 . 0  E 02 2.8 E-16 
5.0 E 02 1.1 E-16 
1.0 E 03 4.7 E-17 
2 n 0  E 03 2 .O E-lrr 
5.0 E 03 6.5 E-18 
1.0 x 04 2.7 E-18 

...... .- __  ___I- .. ..____ .. - ....... __ ....... ...... __-- ____ ........ 

Refererlces : 

H- + N2: 
JETP 5, 382 (195’1) ; K.Z.  Uerkner , S .N. Kaplan, and R.V.  Pyle 
---7 1311 A-1461 (1964); I .  Kovacs, Nucl. I n s t r .  Meth. 51, 2211 (1967); H. T a w a r a  
and A. Russek, Rev. Mod. Phys. - 45, 178 (1973). 

11- t- OL: 
JEPT 2, 382 (1957). 

_- . __ I _- 
Ya. M. Fogel ,  V.4. Ankudinov, and H.3. Slabosp i t sk? ,  S O ~ .  Phys.- 

Phys Rev. 

Y a .  M. Fogel,  V.A.  Ankudinov, and R.E. S l a j o s p i t s k i ,  Sov. Phys.- 

Accuracy: 
IcI- 

+ 25%. - 
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A.5.56 

Ci-oss Sec t ions  for S i n g l e  Eiectron T,oss or 

S t r i p p i n g  f o r  H.- i n  Ai- m d  Ne 

Enerm 
(keV) 

Cross Sec t ions  
( cm2 ) 

2.0 E 00 
4.0 E 00 
6.0 E 00 
1.0 E 01 
2.0 R 01 
5.0 E 01. 
i .0  z 01 
1.0 E 02 
2.0 z 02 
5.0 E 02 
( . O  E 02 
1.0 E 0 3  
2.0 E 03 
5.0 E 03 
I . 0  E 03 
1.0 E 04 

6.5 ~-16 3.0 E-16 

9.7 L-16 3.5 vl-16 
8.3 E-16 3. 3 ~:.-1_6 

J.,? E-15 3.7 13-16 
1.6 ~ ( 5  11.2 E-16 
i . 5  E-15 4.9 3-16 
1.3 E - 1 5  
1.2 E-15 
9.0 ~ 1 6  
6.0 ~ - 1 6  
5.0 E-16 

2.6 c-16 
1.3 E-16 

1.5 E-17 

14.0 E-16 

l . 0  E-16 

References : 

H- + AT: K . H .  dcrkner ,  S . N .  Kaplm? and R.V. Pyl-e, Phys. Rev. 7.31b, Al )h61  
(1-964); J.R. H a s b e d  <and- 3.B.H. S t e d e f o r d ,  Pro@.  Xoy. S O C .  ( T j o n d a  E T - ,  
466 (1955); P.Y. S t i e r  aiid C . F .  B a r n e t t ,  Phys. Rev. - 103, 896 (1956); J.F. 
Williams, PWS. ~ e v .  -.....- 154, 9 (1967). 

Ii- f. Ne: 
and  C.F. B a r n e t t ,  Phys. Rev. m, 896 (1956); J.F. W<1l.iams, I’hys. Hev. 

H. Smytbe and. J.W. Toevs,  Phys. Rev. - 139, .A15 (1965); P.M. Sbiel-  

1.- 154, 9 (J-967). 

Accuracy: 

t 25% 

Note : 

Rerkner, e t  al., result f o r  H- + A r  a’i 1.0 MeV were obtained from D- +- Ar 
at 20 MeV. 

-- 
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A.5.58 

Cross  Sections f o r  One E lec t ron  Loss  

of 4e Ions i n  H and H e  2 

2.0 01 
5.0 d 01 
8.0 d 01 
1.0 3 02 
2.0 E 02 
5.0 5 02 
8.0 E 02 
1.0 E 03 
1.5 d 03 
2.0 E 03 
4.0 E 03 
6.0 E 03 

H2 
...I.̂  

2 ~ J+ E-18 
1.1. E-17 
2-0 3-17 
1.8 E-17 
1.5 &-L'( 
9.6 g-18 

fie 

6.0 E-1.9 
1.9 E-18 
3.4 E-1.8 
11 . 11 .?: - 1.8 
1. o E-17 
2 . 2 E - I. '7 
2 .3 E-17 
2.2 E-17 
7.. 8 E-17 
1 . b  E-1.~7 
7 .7  E-18 
5.2 E-18 

References:  

+ 
He + H?: S . K .  A l l i s o n ,  J .  Cuevas, and P.G. Miarphy, Phys. Rev. ___ 102, 
1041 (1.956); L , I .  P ivovar ,  V.M. Tubaev, and M.T. Novikov, SOY. Phys.- 
JETP 1 4 ,  20 (1962); S . K .  A l l i s o n ,  Phys. Hev. 109, 76 (1958); R . C .  Dehrfinl, 
H.K. %a~, and E.H. Fleischmann, Atomic Data 5, 231 (1973) .  

He -+ Xe: S . K .  A l l i s o n ,  J. Ciinvas,  and P.G. Murphy, Phys. Rev. 102, 
1 0 4 1  (1956); P.H. Jones, F.P. Ziemba, H.A.  Moses, and E .  Everhart, 
Phys. Rev. - 1.13, 182 (1959); N . V .  Fed.orenko, V.V. Afrosimov, and 
D.M. Ka.minker, Sov. Phys.-Tech. Phys. 1, 1861 (1.956); I .  S. Thi.ti-iev, 
V.S. Ni.k.olaev, L.N.  Fateeva,  and Ya. .AT Teplova, Sov. Phys. --J'EX" x, 
11 (1962); S.K. AllEson,  Phys. Xev. __I 109, 76 (1.958); L.I. Pivovar ,  
V.M. Tubaev, and Id.?'. Novikov, Sov. Phys,-JE'i'P - 1.4, 20 (1962); R.C. Dehmel, 
H.K. Chau, and  B.K. Fleischmann, Atomic Data ,5-, 231 (1973); A . R .  Lee and 
H.S. Gi-lbody, 3rd 1 n . t .  Conf. Oil Phys. o f  E l e c t r o n i c  & Atomic C o l l i s i o n s  
(London, 1963) North.-Holland P u b l i s h h g  Co. (Amsterdaxn) p .  692 (1.944). 
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A .  5.60 

Cross S e c t i o n s  for  t h e  Product ion of Slow 

4- 
E l e c t r o n s  by Be Jons i n  fI ani: Zie 

2 
- ...... __ -- - - . ...... .... - -. .......... ........... . ~- __ -. ... 

1.0 15-01 
2,o z-01 
5 .o  a-01 

1.0 z 00 
2.0 E 00 
5.0 li 00 
7.0 E 00 
1-0 d 01 
2*0 x 01 
5.0 E 01 

1.0 E 02 
2 , 0  E 02 
5.0 E O? 
' 7  .o  3: 02 
1.0 E 03 
l"8 E 03 

7.0 F-01 

7.0 z 01 

H2 
...... 

2 " 2 E-1.'7 
3.7 E-17 
4 . 1. E.-l'.( 
h.0 E-1.7 
3.9 Z--I.'( 
3.9 E-17 
4.0 E-1.7 
4.0 E-17 
14.0 E-17 
5 . o  E-17 
1.2 2-1.6 
I.'.[ E-16 
2*4 E.-16 
3.5 E-16 
2,8 . ~ - - i 6  
2.4 E-1.6 
2 1~ a.--1.6 
1.5 E-16 

2 p 4  E-1'7 
2.5 2-17 
2 J  g-l'-( 
2.8 E-17 
2.9 E-l'( 
3.2 E-17 
3.8 E-1.7 
It .1 E-17 
4.4 E-1-7 
5 . 2  E-17 
7.3 e-l? 
8.6 E - ~ ' T  
1. 1. E-16 
1.8 E-16 
1.. 8 K-16 
1-.6 E-16 
1..3 e-1.6 
9.0 e-1'~ 

References : ..__^ 

-t 
He + H2: R.A. Langley, D.W. Marti.n, D , S ,  Harmer, J.W. Booper, a:nd 
E.W. McT)a.ii.iel., Phys. Rev. -- 1.36, A379 (1961~) ; L.I. Pivovar ,  Yu. Z. Levchenko, 
and A . N .  Gr igor ' ev ,  S O ~ .  I'hys,-JTTP 27, 699 (1-968); 1-i.H. Gj.I.body- and 
J . B .  Hasted, Proc. Roy. SOC. A240, 38? (1957); H.E .  Gilbody, J . B .  Hasted, 
J.V. I re la:nd,  A.R. Lee, E.W. Thomas, and A.S, Whitmarl, Proc. Roy. S O C ,  
A2.74, 40 (1.963); E.S. Solov 'ev,  R.N. I l l i n ,  V.A.  Oparin,  and N . V .  Fedorenko, 
Sov. Phys.-,!TP 18, 342 (1964); P . J .  de Heer, J. Sc 'out ten,  and H .  Moiistafa, 
Phys ica  32-, 1.~7933366). 

Xe +- de: F.S.  de Tleer, J .  Schut ten ,  and H. Moustafa, Physica 32, 1793 
(1966);  Xes .  Solov 'ev ,  R.N. i l ' i n ,  V.A. Oparin,  and. N.V. Fedorenko, 
Sov. Phys.-JZ'TP - 18, 342 (1.964) ; N.V.  Fedorenk-o, V . V .  Afrosimov, and 
I1.M. Kaininkey, Sov. Phys.-JE:TP 1, 1861 (1956); H.B. Gj.lbod-y, J - .R.  Hasted,  
J.V. I r e l and ,  A S H .  Lee, E.V. Thomas, and A.S. Whitemm, Proe.  Roy, Soc. 
A271c, ..___ IcO (1963); 1 I . B .  Gilbody and J . A .  Hasted,  Prnc.  Roy. Soc .  A21c0, -..-- 382 
(1357); TJ.S. P ivovar ,  Yu. Z .  Levchenko, and. A.N. Grigor 'ev,  Sov. Pbys,-JETF 
- 2'7,  699 (1968);  R.A. Langl.ey, D . W .  Mart in ,  D . S .  H a r r i ~ r ,  J.W. Iiooper, and  
E .W. MeDaniel. ~ Phys . R e v .  ..._- 1.36, A379 (1961;) . 

i- 

Accirracy - : 
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A.5.62 

C r o s s  Sec t ions  f o r  t h e  Product ion of' P o s i t i v e  

Xons by Hef Tons in H and He 2 

Energy 
(keV) 

Cross Sec t ions  
( c1n2 ) 

3.0 E 00 
> . o  ic 00 
7.0 E 00 
1.0 E 01 
2.0 E 01 
5.0 Z 01. 
7.0 Z 01 
1.0 E G2 
2.0 3 02 
5.0 E 0'2 
7.0 E 02 
1.0 E 03 
1-.8 E 0 3  

H2 

1 . 3  E-16 
1.1 E-16 
1 . ~ 2  3-16 
1.5 &-16 
2.2 x-16 

.7 3-16 
5 . 3  K-16 
1-1.5 E-16 
2.8 E-16 
2 . 3  2-1.6 
1.8 E-16 
1.*3 E-16 

4.0 E-16 

5 .6  E-16 
5 . h  i3-16 

3.8  E-1.6 
3 . 4  E-16 
2.7 3-16 
I .8 E-16 

0.8 E-16 

4.2 E-16 

1.4 E--16 
1.3, E-16 

_. ............ .............................. ~ _ _  _________ 

References : 

He + H2: &.A. Langley, D - W .  Mar t in ,  D.S. Ha.rrney., J.W. Hooper, and 
E . W .  McUaniel, Phys. Eev. 136, A379 (1.964); L-I. PIvovar ,  Yu. Z, Levciienko, 
and A.N. Grigor 'ev ,  Sov. P 'nys . - JZTP _l̂  2'7, 699 (1968); H . B .  Gilbody, 
J- .B,  Hasted,  J . V .  I r e l a n d ,  A.R. Lee, E.W, Thomas, and A,S .  Whiteman, 
P roc .  ROY. SOC. - A274, 40 (1.963); E.S. Solov 'ev ,  H.N. I l l i n ,  V . A .  Oparin, 
and N.V.  Fedorenko, Sov. Phys.-JE'YP 18, 342 (1964);  F . J .  de Heer, 
J .  Schu t t en ,  and H .  Moixstafa, Physica.32, I 1793 (1966) ;  R .  Browning, 
C . J .  Lat imer ,  and H.B .  Gil-body, J. IJhys, 13 i, 534 (1969). 

He 4- Tie: N . V .  Fedorenko, V . V .  Afrosimov, and D.M. Kaminker, Sov. Phys.- 
JETP 1, 1.861 (1956); F.J. de iyeer, 3.  Schu t t ea ,  and H. Moustafa,  Physica 
- 32, cfy'3 (1966); E . S ,  Solov 'ev ,  R.X. I l l i n ,  V .A.  Oparin,  and N . V .  Fedorenko, 
Sov. Phys.-JETP 18, 342 (1964); X+B- Gi.?body, J . B .  Hasted,  J . V .  Ireland, 
A.R. Lee, E.W. T g m a s  , and A.S. Whi.tr:max, Proc. Roy. SOC. A274 _ ......- 3 1iO (1963) ; 
L-I. Pivovar ,  Yu. Z. Lzvchenko, and A.N. Grigor ' ev ,  Sov. Phys.-JE'I?P 2'(", 
699 (1968); R.A. Langley, D , W .  Mart in ,  D-S. Harmey, J.W. Iiooper, and 
E.W. MclIani.el., P'nys. Rev. Is_ 136, A 379 (1964). 
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A.5.64 

Cross Sections for Pr-oducti on of 

+ -t- 2-1- 4- 

2 
N , ll , and N by IIe in I'J 
2 

.- ........ .-____..._. -~ ~ ......... ... _____ ~. . _ _ _  . ........ ...... ....... ....... ......... ....I___ .. __ ....... _- 
E n e r g y  Cross Sect ions  
( keV ) ( ciiI2 ) 

- t  +- 2 .I- N 2 N 

5 . 5  z 00 7.81 L-17 5.99 3-16 1.44 E--17 

2-0 E 01 3.47 E-16 5.16 d-16 4.01 E-17 
1.0 E 01 1.67 E-16 > . i f 5  E-16 2.?0 E - l (  

3.0 i3 01 4.34 E-16 5.56 E-16 5.99 2-li 
4.0 E 01 11.76 E-16 6.04 ~ - 1 6  7.66 Y-17 
4.6 r7 01 4.98 E-16 6.65 E-16 8.28 &-17 

References: 

R. B r o w n i n g ,  C.J. T a t i m e r ,  and 1 f . B -  Gi lbody,  J. Phys. 3 2, 5j.b (1969). 

Accuracy ; - 
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A.5.66 

Cross Sections for the P r o d u c t i o n  of 

+ -t 2+ + 
O2 , 0 , a n i 1  0 I o n s  by He in 0 

2 

Energy 
(keV) 

O+ 
i- 

0 2  

5 . 5  3 00 8.22 &-I,( 8.20 E-16 1.31 E-1'7 
1.0 E 01 1.43 E-1.6 '7.61~ E-1-6 2-1.7 E-17 
2.0 E 01 2-62 12-16 6.95 3-16 j-k.18 ~-i:[ 
3.0 E 01 3.34 E-16 7.06 ~-16 5.98 ~ - 1 7  
4.0 E 01 3.56 ~ - 1 ~ 5  '7.22 F-116 6.99 E-17 
14.5 ii: 01 3.59 2-16 7.24 3-16 7.10 E-1'7 

References: 

R. Browiling, C . J .  La'iirner, and H.B.  Gilbody, 5. Phys. B - 2 >  514 (1969). 

Accuracy : 

f 20%. 
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~.5.68 

Cross S e c t j  ons for Positive Ton Produci iof i  

by He Ions in K2 aiid He 
ff 

CYOSS S e c t i o n s  
( cm2 ) 

6.8 E 00 
1.0 E 01 
2.0 E 01. 
4.0 E 01 
6.0 z 01- 
8.0 E 01 
1.0 E 02 
1.5 E 02 
2.0 E 02 
4.0 E 02 
6.0 i3 02 
8.0 z 02 
1.0 E 02 

3 .1 d-16 
4.2 E-16 
6.8 E-16 
1.2 &-15 
1.3 E-15 
1.3 z-15 
1 . 3  E-15 
1 . 3  E-15 
1.2 d-15 
8.1 3-16 
6.3 E-16 
> .I E-16 
4.5 2-16 

5 .7 5;-.1.6 
5 .4 E---15 
)I .O ~-16 
3.2 z-16 
2.6 E.--1.6 
2.3 E-16 

References:  

++ 
He i- 22: L.J. Pucke t t ,  G.O. Taylor, and D . W .  Martin, P'hys. Rev. - 1'(8, 
2 ' f l  (1963);  R . 4 .  Langley, D.14. Martin, D.S. Ilar 'mei-,  J.W. Ilooper, and 
E.W. McDanie!., Phys. Rev. &, A 379 (196b); W . G .  Graham, C.J. L a t h e r ,  
R .  f irovning, and. H.B, Gilbody, J .  Phys. A 7 ,  L405 (197)-t). 

3 e f f  f Re: 
271 (1969); R . A .  Langley-, D.X.  Martin, D.S. B a r m e r ,  J.V. Hooper, and 
E.W. McDaniel ,  Phys.  Rev. 136, A379 (1964). 

L.J. P u c k e t t ,  G . O .  Taylor, and D.W. Mart in ,  Phys. Rev. @, 

Accuracy : 
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Cross Sections for the Production of Free 

Z l e c t r o n s  by He in Ii and He 
tf 

2 

1,8 3 02 
2,o r: 02 
4.0 Z 02 
6.0 fi 02 
8.0 E 02 
1.0 3 03 

6.3 ~ - 1 6  
6.9 s-16 

4.9 e-16 
5.9 E-16 

4.2 E-16 

I .3 z-16 
1.5 E-16 
2.5 E-16 
2.5 3-16 
? -3 2-16 
2.1 13-16 

References: 

3e c J2, He: L.J. P i i ckc t t ,  G. 0. Taylor, and D.W. Martin, Phys, Rev. +t 

- 178, 27~- (1969). 

Accuracy : 

f 20%. - 
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C m s s  Sections f o r  One and 'Two Tl-ctron T,oss 

f o r  H e  Atoms ia ii and He 2 

3.0 rl 30 
11.0 x 30 
5 . 0  d 00 
1 . 0  kJ 01 
7.0 d 0 3  
5.0 3 3 1  
1 . 0  5 02 
2.0 d 0? 
5.0 E 02 
8.0 E 02 
1 . 0  d 33 
2.0 E 03 
3.0 Z 03 
4.0 2 93 

One E l e c t r o n  LOSS ( 0 0 1 )  

Y 2  Ye 
I .- 

5 . o  d--18 
7 . 3  z-18 
1.7 z-17 
3.3 E-1.7 
6.0 d-17 
9 .o  z-l'-/ 
1.2 z-16 
1.1 3-16 
9.L 3-17 

5 . i  E-1.7 
8 .2  E-1'7 

3.8 ~ - 1 7  
3.0 E-17 

2.7 E- -18  
4.5 z-18 
8.0 E - - I ~  

L e ?  3-18 
f .o  E-18 
9.2 7-18 
9.8 ~ - 1 8  
9.0 z-la 
T . 7  E.-18 
7 .0  ~-18 
4.3 d-18 
?. i E-18 
2.3 E-18 

2.3 rd-18 

"WO ~1.ec t ron  Loss (ao ) 

2 . 5  2-18 3. 9 e.-1-8 
5.0 ~...18 5.2 3-18 
3.7 E-18 3.7 E-3.8 
2,8 E-18 2. 8 E:-48 
1.1.. s-1.8 1. 3 .z.--.L~ 
4.4 E-1.9 

References : _Is__._.- 

He + H2: E . H .  Pedercen and P.  Hvelplund, 3.  Phys. B -(, 132 (1974) ; 
P .  Hvelplund arid F.H. Pedersen, Phys. Rev. A 9 ,  243h ' ( i 9 r b ) ;  2.4. Gilbody, 
K.F. Dunn, H. Srowning, and C.J. La.i;imer, J .  phys. B 2, 1105 (1970); 
C.F. Barnett and P.M. S t i e r ,  Phys. He-r. 2, 385 (1958); H .  'l'awara, 
J .  Phys. SOC. Jap .  2, 871 (1?'71); 3 . K .  Al l ison,  Rev. Xod. Phys. 30, 1.1.3r( 
(1958); Ya. M. Fogel, V.A. Ankudinov-, and D.V. Pil-ipenko, Sov. Phys ..-JETP 
- 11, 18 (1960); Z . B .  G i I b o d y ,  R .  3rowning,  G .  Levy, A . I .  McTntosh, 
and K.F. Dunn, J .  Phys. B I ,  863 (1968);  A . B .  Wittkower, G .  Levy ,  and 
H.d. Gilbody, Proc. Phys. sot. 29, 862 (1967). 

de + He: d . H .  Pedersen and P .  Iivelplund, d. Phys. B ' 7 ,  L?2 (J-974); 
P .  Hvelplund  and^ 2.3. Pedersen, h y s .  Rev. A 9 ,  71.134 1-1974); C.F. B m n e i - t  
and P.M. S t i e r ,  Phys. Rev. log, 386 (1.958); 3: T a w a r a ,  J .  Phys. Soc. Jap. 
.- 31, 236 (l9'j 'l.); 3 . K .  Al l - ison,  Rev. Mod, Phys. 32, ll.?'? (1958);  Y a .  M .  
Fogel, V.A.  hkudinov,  and D.V.  Pi l ipenko,  S O ~ .  Phys..--J-ETP 2, 18 (1960); 
a.B. Gilbody,  K . F .  Dunn, R. Browning, a.nd C.J. LaiiifleT, J .  Phys. B 5, 
1105 (1970)  ; W.L. WiJliams and F.M. 'Goidberg,  VI1 Int. Conf. Oil  the  
Phys . of  Electronic  & Atomic Col.lisioris , North Hol.land Publishing Co. 
Amsterdamm ( l 9 ' r J )  p .  7.087; H.B. Gilbody, El. Browning, G .  Levy, A . T .  
McIntosh, and K.F. Diiiin, 5. Phys. B I, 863 (1968); A.B. Wit tkower,  G, Tk~vy, 
and H . 3 .  Gilbody, Proc. Phys. SOC. - 97, 362 (1967). 

Note : 

Measurements made before 1970 did not properly take in tc i  axcoimt the  
pi-esence of H e  metas-table states. 

Accuracy : ... + " 25%. 
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n.5.74 

Cross Sec t ions  for I o n i z a t i o n  of H and ;Ie by Iie Atoms 2 

Cross  Sec t ions  
( c m 2  ) 

4 .6  2-02 
5 .0 E--O2 
' I . 0  E-02 
1 . o  E-01 
2.0 E-01 
5 .0 E-0'1- 
9 . 0  Z-01 
3.0 E 00 
5.0 E 00 
1.0 3: 07. 
2.0 z 01 
5.0 E 01 
1 . 0  E 02 
2.0  E 02 
5 . 0  2 02 
1.0 d 03 

H 2  

2 , 5  E-20 
3 .5  E-1.9 
6 .o ~ - 1 9  
2.2 8:-1.8 
1 . 0  z-lr[ 
2 " 9  .E;-17 
4.3  E-1'7 
3.8 s-17 
5 .i) I3-1:7 
7 .7  E-3.7 
J . . I  13-16 
1 .8  E-16 
2,4 3-16 
2.6 3-1.6 
I .9 13-16 
1 . 2  e-16 

....... 

5 .0 E-1'7 
8.4 E-17 
1.3 E-16 
1. ~ 1-1 E - 1.6 
1.1 E-16 
7.3  E-17 

References:  

de + H2: N . G .  Ut te rback ,  Phys. Rev. Letts. 12,  295 (1961~) ;  L.J.. Pucke t t ,  
G . O .  ' I 'aylor, and D.W. Martin,  Thys. Rev. - 1'(8:-271 (1969) ;  F .S .  Solov'ev, 
R . N .  Illin, V.A. Oparin,  and N.V. Fedorenko, Sov. Phys.-JETP 18, 342 (1964); 
E . S .  Sol-ov'ev, X.N. Il'in, V.A. Oparin, and H.V. Fedorenko, 3 g  lnt. Conf. 
on Phys. of El-ectronic  & Atomic C o l l i s i o n s  (London, 1963) North-3olland 
Publishine; Co. (Amsterdamm) p .  692 (1964); X .  Browning, C.J. Latimer, 
and 1I.B. Gilbody, J. l'hys. B - 3, 46'1 (1970) .  

He + He: 
271 (1969) ;  E,S. Solov'ev, R.N. rl'in, V.A. Opa-r.jn, a t i d  N.V.  Fedorenko, 
Sov. l-'hys.-JRTP L 18, 3)12 (1964) ;  Z . S .  Solov ' ev ,  X.X. Illin, V.A. Oparin,  and 
N.V. Fedorenko, 3rd  i n t .  Conf. on Phys. of E l e c t r o n i c  & Atomic C o l l i s i o n s  
(London, 1963) North-Holland Pub l i sh j  nt?, Co. 

L . J .  PuckeiL, G.0. l ' ay lor ,  act! D . W .  MmLin, Phys. l kv .  ____ 118, 

( Ams tcrdamm) p . 69? ( 1964) . 
Accuracy: 
_F____ 

- 1- 25%. 
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E q u i l i b r i i m  FrracLions of  a Xydrogen Beam i n  H and Hz 

............... ~ _ _ _ _ _ _  I__ ~ ...........-I___ ............. .. .. ........ ....... lll__ .̂  

Energy 
(keV) 

Equi 1. i b r i urn Fr ac ti on s 

2.0 E 00 
4.0 E 00 
6.0  E 00 
8.0 E 00 
1.0 E 01 
2.0 E 01 
3.0 E 01  
4.0 E 01 
6.0 E 0 1  
8.0 E 01 
9 .0  E 02 
2.0 E 02 
3.0 E 02 
4.0 E 02 
6.0  E 02 
8.0 E 02 

*o a 

9.86 ~ - 0 1  
9 .71  E-01 
9.54 E-01 
9.36 E-03.. 
9.24 E-01 
8.12 e-01 
7.33 E-01 
6.61 E-01 
)+.oo E-01 
2.50 E-01. 
L. 52 E-01 

Fl a 

1.111 E-02 
2.91 E-02 
4.54 E-02 

7.85 E-02 
1.68 E-01 
2.60 3-01 

6.30 E-02 

3.50 E-01 
5.50 E-01 
7.50 E-01 
9.50 E-01 

F -  
100 

1.10 E-02 8.95 E-01. 
l.64 E-02 8.75 E-01 
1-95 3-02 8.70 E-01 
2.00 E-02 8.65 E-01 
1.80 E-02 8.20 E-01 
1.40 E-02 7.25 E-01 

6.25 E - O ~  
4.40 E-01 
2.90 E-01 
1.90 E-01 
2.40 E-02 
5.25 E-03 

1.60 E-O)-I 
5.1rO E-05 

1.20 E-03 

F1 - 
9.50 E-02 
9.50 E-02 
9.50 E-02 
9.70 E-02 
1.75 E-01 
2.75 E-01. 
3.80 E-01 
5.140 E-01 
6.85 E-01 
8.20 E-01 
9.75 E-01 
9.95 E-01. 
1.00 E 00 
1.00 E 00 
1.00 E 00 

......... .................. .............. -_ _-_I... - -- ___..._~....II -. _..............__...I_ - __ 

References:  

+ 
H + 3: There i s  no d i r e c t  measurement for  t h i s  case. We have he re  
genera ted  f r a c t i o n s  us ing  t h e  formulae Fo co = u 1 0 / ( 0 1 0  +- :Ju1) and F1 co = 

C r o l / ( U l o  +- 0 0 1 ) ;  t h e  va lues  o f  0 0 1  and 0 1 0  a r e  from 14. Tawara  and 
A. Russek, Rev. Mod. Phys. 45, 178 (1973). 
(perhaps  as much as 2%) i n  n e g l e c t  of nega t ive  state formation and l o s s .  

H + H p ,  Experimental :  From t h e  review by S.K. Al l i son  and M. Garcia- 
blunoz, "Atomic and Molecular Processes  ,'I ( ed .  D.R.  Bates, Academic P r e s s ,  
N.Y. 1962) page 721. 
are used above 1000 keV based on cross s e c t i o n  va lues  of L.  Toburen 
e t  a l . ,  Phys. Rev. I_ 171, 114 (1968) and U. Schryber ,  Ilelv. Phys. A c t a  

There i s  a s l i g h t  e r r o r  

+ 

Also de r ived  va lues  ( s e e  Note 1 at end of c h a p t e r )  

- 39, 562 (1-966). 

Accuracy : 

Systematic  error  i s  n e g l i g i b l e .  Random error < -I + 5%. 

Notes: 

See Note (4) a t  end of chap te r .  
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~ . 6 . 4  

Equi l ibr ium F r a c t i o n s  of a Hydrogen Beam i n  H e  and A r  

............... ......... ........ ....... ........ . --.___- ........ ............. ......... .. . .- - -. .- -. ______ .- 

E q ui l i b  s i urn F r  a c t ions  

h.0 E 00 
6 .0  E 00 
8.0 E 00 
1 . 0  E 01  
2 . 0  J i  01  
3.0 E 0 1  
h.0 E 0 1  
6.0 E 0 1  
8.0 x 01 
1 . 0  E 02 
2.0 E 02 
3.0 E 02 
11.0 E 02 
6.0 F 02 
8.0 3 02 
1 . 0  E 03 

F y m  
-__I 

9.20 E-03 
9.55 E-03 

Fo _" 

1.25 E-01 
2.38 E-01 
3.35 E-01 
11.1.0 E-01 
6.00 E-01 
6.00 d-01 
5.45 E-01  
4.110 E-01 

2.5b E-01 
3.35 E-01 

6.05 E-02 

6.1~5 F:-03 

5.20 E-Oh 
3.60 E-04 

1 *7'5 E-O? 

1 " 5 >  E-03 

F1 co 

9.00 E-01 

6.55 : E - o ~  
7.60 E-01 

5.80 E-01 
3.90 E-01 
3.95 E-01 
4.50 :E-01 

6.75 E-01. 
5.55 E-01 

7.45 E-01 
9.40 E-01 
9.60 E-01 
9.80 E-01 
1 .00  E 00 
1.00 E: 00 
1.00 E 00 

1' F0 oo 
_____1 

1 -  -- 
4.00 E-02 9.20 E-01. 
3.10 E-03 8.80 E-01 
2,OO E-02 8.50 E-01. 
1 - 3 0  E-02 8.20 E-01 
5.00 E-03 6.75 E-01 

5.75 E-01 
4.85 E-.01. 
3.55 E-01 
2.50 E-01. 
1-75 E-01 
3.10 E-02 
8.30 E-03 

1.00 E-03 
8 .93  E-04 
1 .20  E-O)c 

3.25 E-03 

F1 - 
5.50 E-02 

1 .32  G O 1  
9.30 r:.-02 

1.67 E -03. 
3.25 E-01 
4.30 E-01 
5 .15 E-01 
6.50 E-01 
7.50 P; -o l  
8.40 E-01 
9.50 E-01 
9.90 E-03. 
9.98 E-01 
1.. 00 F: 00 
1 .00  E 00 
1 .00  R OL? 

References : 

H+ + Xe, Experimental:  From the  review by S . K a  A l l i s o n  and M. Garcia-Munoz, 
"Atomic and Molecular Processes" (ed. D.R.  Bates, Academic P r e s s ,  N.Y. 1962) 
page 721. Al so  de r ived  va lues  ( s e e  Note 1 a t  end of c h a p t e r )  are used above 
1000 keV based  on the cross s e c t i o n  va lues  of T,. Toburen et a l . ,  Phys. Rev. -3 171. 
11.4 (1968) and U. Schryber ,  Helv. Phy-s. Acta - 39,  562 (J-966). 
i- 

H -t- AT: 
C .  P'. B a r n e t t ,  and G.E. Evans, Phys. liev. 96, 9'i3 (1954). Also der ived  values 
( s e e  Bote 1 at, end of c h a p t e r )  a r e  used aboTe 250 key based on the cross section 
va lues  of L, Toburen e t  a1 . , Phys. Rev. _II l T J - 2  11h (1968). 

P.M. S t i e r  and C.F. B a r n e t t ,  Phys, Rev, I_- 103,  896 (1956). P.M. S t i e r ,  

Sys temat ic  error- i s  n e g l i g i b l e .  Random e r ~ o s '  < I_ -I- 5%. 

Notes : 

See Note ( 4 )  a-t; end of chap lx r ,  



.- . 

100 

5 

2 

m-’ 

5 

2 

10-2 

5 

2 

10-3 

ORNL-DWG 75-1373 

- 
i 00 2 5 1 0’ 2 5 102 2 

ENERGY (keV) 
5 103 



A.6.6 

? Equi l ibr ium FYacLions of a Hydrogen Beam i n  N ani l  0 
2 

)1 .0 E 00 
6 . 0  d 00 
8.0 E 00 
1.0 E 01 
2 . 0  E 01 
3.0 E 0 1  
h.0 x 01 
5.0 E 0 1  
8 .0  r: 0I 
1 . 0  E 02 
2-0 E 02 
3.0 OF' 
b.0 E 02 

8 .0  E 02 

2 . 0  E 03 

6.0 ti: 02 

1.0 r: 03 

1'0 co 
_I - F 7- Co 

3.70 Z-03 8.90 E-01 
9.05 h-03 8.115 E-01 
1 . 2 3  2-02 8.00 E-01 
1.36 ~ 0 2  'I. 60 tc-01 
1 . O O  d-02 6.110 E-01 
6.05 E-03 >.45 E-01 

11.80 E-01 
3.55 E-01 
2 - 5 5  E-01 
1.86 d-01 
3.60 %.-02 
1 . O O  E-02 
4.05 E 03 
1-+14 fl-03 
5.00 E-Ob 
2.80 E-Oh 
f . 5 3  E-05 

FI . . . . . 

1 .25  E--01 
~ 6 2  E-01 
1 .95 E--01 

3.50 E-01  

5.40 2-01 

7.40 E-01  
8.05 X-01 

2.2h K-01. 

4 . 55 F -01. 

6 .  55 E.--oI. 

9.60 2...01 
9.90 E-01 
1 . 0 0  E 00 
l.00 3 00 
1.00 E 00 
1..00 z 00 
1.00 73 00 

O2 

F -  l m  

1,66 ~ - 4 2  
1.78 E.-02 
1- (0 rJ-02 
1.56 E-02 
1 - 0 5  ~ - 0 2  
7.50 X-03 

b'o m 
._____ 

8.60 E - O ~  
8.00 F : . - o ~  
7.60 E-0' 
7.25 E-01 
6.05 z-oi 
5.30 E-01 
4 .70 .E.-@1. 
3.65 E-01 
2. 80 FC-01- 
2=1? E-01 
5.10 s-02 
1.54  E-02 

7.64 E-04 
4.38 E-OJ-1 
6.90 g-05 

6.50 E-03 
1 . 9 5  E-03 

. . . . . . . . . . . . . . .- . . . . . . . . - ............... -... ___ . -. .. . . . . . . -. I . . - - ______ ___ _____ ^-___.._--___I ... - 

1 . 3 5  E-01 
1.8'1 E-01 
2"28 3-01 
2-63 d 01 
3.85 L-01 
4.70 2-01 
5.38 h-01 
6.45 E-01  
7 . 2 5  E-01 
( . 7 5  E-01 
9.110 E-01 
9.80 K 01 
9.90 E-01 
1.00 E 00 
1.09 E 00 
1.00 E 00 
1.00 E 00 

~ ~. ... . 

References:  

+ 
H + N 2 ,  Experimental :  From -the i-eview by S.K. All.ison and M. Gal-cLa-Munoz, 
11L4toriiic and Molecular Processes"  (ed .  D.X. Bates ,  Academic P r e s s ,  N . Y .  1-962) 
page 721. Also der ived  va1.iies ( s e e  Note 1. ai; end of chap te r )  a r e  used above 
1000 keV based on -the CTOSS secti.oii values of J,. Toburen e t  al., Phys- Xeu. 
. 1'11. . .. . .. .- ~ 1 l J - l  (1968) . 
H'̂  + 0 2 ,  Exp,erimzntal: From the r e - v i e w  by S . K .  A l l i son  amd M .  Gaxcia-Mwioz, 
"Atomlc and Molecul.ar P r o c e ~ s e s ' ~  ( ed .  D.K.  Ba tes ,  Academic Press, N . Y .  1962) 
page 721. A l s o  der ived  va lues  ( s e e  Note 1 a t  end of c h a p t e r )  are used above 
1.000 keV based on the c r o s s  s e c t i o n  va lues  oi? T,. 'Iobuinen e t  al. Phys, Rev. 
171, 1.14 (1968). 

Notes : 

See Xote ( 4 )  at; end of chap te r .  
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Equi l ibr ium F r a c t i o n s  o f  a Hydrogen Beam fn H 0 2 

Energy 
(keV) 

E q u i l i b r i u m  Fract ions 

4.0 F: 00 
6.0 E 00 
8.0 E 00 
1.0 E 01 
2.0 r: 01 
3.0 E 01 
Jk.0 E 01 
6.0 E 01 
8.0 E 01 
1.0 E 02 
2.0 E 02 
3.0 E 02 
h.0  d 02 
6.0 E 03 
8.0 E 03 
1.0 li 03 
2.0 S 03 

.lll .__ H20 ....... 

F -  
l -  

3.60 E-02 
L.30 &-02 
4.50 E.-03 
4.45 E-02 
2.'18 FL02 
1.50 E-O? 5.140 lL-01. 

h.85 E-01 
3.70 E-01 
2.80 E-01 
2.10 E-01 
1.6C E-01 
1.22 E-03 
5.65 ~ - 0 3  

6.07 E-04 
2.86 E-Oh 

leg? E-03 

5.73 E-05 

1 m  
F 

4.50 E-01 

6.2'5 E-01 
5.20 E-01 

F('.10 E-01 
7.70 E-01 
9.60 E-01 
9.80 E-01 
9.90 E-01 
1.00 E 00 
1.00 E 00 
1.00 F; 00 
1.00 E 00 

...... ........ .......... .......... ______ ......... ____ _.____ ____ _ _ _ _  ......... . ._._--I --- 

References : 

B' -b H20: 

valljes of 001  and 010 are from L. Toburen, e t  a l .  , Phys 
(1968). 
nega t ive  s t a t e  formation and loss. 
i s  from N.B. Brooks , I_- e t  ax. , Physics  L e t t s .  6 ,  169 (1963) ; F 1 m 9  FO u 1 3  

a ~ z d  F 

A t  ene rg ie s  above 100 keV we have geneyated f r a c t i o n s  us ing  

Wev. ..__^ 171, 1.l1L 
There is a s l i g h t  e r r o r  (perhaps as xuch as 2x1 i n  neg lec t  of  

at low ene rg ie s  ( E  - < 30 kev) 

at  30 keV aye by A.H. Wittkower, e t a l . ,  Phys, L e t t s .  I_ 13, 131? 

t h e  formulae F~ = a l O / ( a 1 0  3- aO1) and F]. = csol/(alo + 0 0 1 ) ;  the  

F 7 

( l 9 d .  

Accuracy: 

Systematic  e r r o r  is negligible. Random e r r o r  < ? 5 % .  

Notes I 

See Note ( 4 )  at end o f  chap te r .  

I___ 
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Equilibrium Fractions of a Hydrogen Beam i n  Li and N a  

........ .. ....... ........... . .................... ___ .-____ -. ......... - .- .~ -. .... .- - .. ____ . ~.__ _ ___.. - _ _  __ 

Energy 
( keV) 

E q u i l i b r i u m  Fractions 

T, i 

F -  l a  

6.0 K-OI 
8.0 E-01 
1 . 0  E 00 
2ao E 00 
4.0 li 00 
6 .0  E 00 
8 . 0  E 00 
1 . 0  E 0 1  
2 . 0  E 01. 
4.0 E 0 1  
6 .0  H 01 
8.0  E 0 1  
1 . 0  s 02 
9-0 E 02 
4.0 E O? 

F i m  - -..- 

’1.68 %-02 
4.80 E-02 
14.92 d-02 
5.64 E-O? 
5.88 E--02 
4.60 E-02 

2.40 E-02 
8.50 E-03 

3 .21 E-O? 

Fo m 

9.44 R - 0 1  
9.40 E-01  
9.35 E-01 
9.28 E-01 
9.28 E-01 
9.25 E-01 
9.18 ~ . - m  
9.00 E-01 
Ir. IC0 E--01 
9.55 E-02 
6.15 E-02 
4.32 E-03 
3.16 E-02 

3.92 Z - 0 3  
1 . 1 3  E-02 

F1 

8.00 E-03 
2,15 E-02 
4.141 E-02 
‘1.86 E-02 
6.03 E-OI. 
9.08 E-01 
9.40 E-01  
9.58 E-03. 
9.65 E-01 
9.82 E-01 
9.88 E-01 

Na 

8.00 E-02 
9.50 E-03 
1 . 04 E 4  1. 
1.20 E-01 
1.06 E-01 
8.60 E-02 

5.30 E-02 
6.80 w-12 

Fo 
. . ~  

9.25 E-01 

9.00 E--01 
9.10 E-01 

8.75 GO.-!. 
8.75 E-01 
8.90 E-01 
9.20 E-01 
9.30 E-01 
6.40 E-01 

FI 00 

...I- 

1.05 E-02 
1.68 E-02 
2.45 E-02 
3.50 E-02 
3.30 E-01 

. .- ......... .......... . .. ____ ____ -. .- ..... . ... ......... .......... .. .- .... I_- 
. -. . ..-. -. ___ ~ ____ 

References:  

H” .I- L i ,  Experimental: W. Grcebler, e t  al., He1.v. Phys. Acta 143, 251+ (1970) .  
Derived va lues  ( s e e  Note 1 a t  end of c1iapt;e-r) aye used above 2m keV based on 
the c ross  sec t ions  by B.A. Dyachkov, Sovie t  Atomic Energy 27, 958 (1969) .  

Hf f N a ,  Experimental : W. GrGebler, et al., He1.v. Phys. Acta,  II 43, 254 (1970). 

Accuracy : ....... 

Systematic e r r o r  is n e g l i g i b l e .  Random error < - + 4%. 

Notes: 

See N O L ~  ( 4 )  at end of chapter. 
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E q u i l i b r j u m  F r a c t i o n s  o f  a :Iydroe;en Beam jfl K and Cs 

..... ..... _ _ _  .... ........ .. ......... . __ ... ___ .......... ~ ._l__ ~ ~ 

.- .______ ~. . . .___~. . 

Energy 
(keV) 

E q u i l i b r i u m  Frac t ions  

11.0 x-01 
5.0  E-01 
6.0  E - O ~  
8 .0  3-01 
1,0 E 00 
1.5 E 00 
2e0 00 
3.0 E 00 
) k . O  E 00 
5 . 0  E 00 
6 .0  E 00 
8.0 E 00 
1.0 E 01 
1.5 E 0 1  
2 .0  E 01 

....... - ^. _I 

c s  K 

1.21 E-01 
3..20 E-01 
1 . 3 2  E-01 
1.39  J3-01 
1.30 E-01 
lm10 3-01 
9.30 E-02 
6.29 E-02 

3.80 E-02 
2.93 E-02 
1.81 E-02 
1 . 1 0  3-02 
4.22 d-03 

lt.8a d-02 

q) co 

8.80 E-01 
8.72 E-01 
8.61 %-01 
f . 7  E-01 
7.9 E-03- 
9.07 g-01 
9.30 E-01 
9.40 z-01 
9.41 Z-01 
9.43 l3-01 
9 . P  E-01 
8.50 E-01 
6.55 E-01 

1.50 E-01 

8.01. E-03 3.53 E-02 

2 .I1 E-02 2.011 E-02 
3.17 E-02 1.66 E-02 
7.01 E-02 1 .22  E-02 
1.40 E-01 9.58 E-03 
3.37 E-01 5 . 8 1 ~  E-03 

h.00 E-03 

8.27 E-02 
5.70 E-02 

1.35 E-02 2.59 E-02 

9.16 E-01 

9.68 R-01 

9.69 E-01 

9.45 E-01 

9.41 E-01 

9.68 E-01 

4.67 E-01 

9.05 ! i -O1 
8.0( E-01 
7.06 E-01 

1.07 E-03 
1 -7> E-03 
3.65 E-03 
6.12 E-03 
1.01 E-02 
1.68 H-02 

8,58 E-02 

2.90 ~-0l 

4.?3 E-O? 

1.87 E-01 

......... ........... ...... ..... .......... ..... .... .____I . . ~  ~ -~ ...... ___ ... .____ I-_-_ ..... ______ ___.* ___ _ _ _ _  

References: 

4- 
B f K, E x p e r i m m t a l :  W. GrGbler e t  a].. Helv. Phys. Ac-ta 43, ^ 254 (1970) .  

H 4- Cs, Experimental:  

Accuracy: 

1- 
A.S. Sch lach te r  e t  al., Pkys. Rev. ..... 17'7, 184 (1969). 

Systematj-c e r r o r  is negligible. Random e r r o r  __ -1- 4 % .  

Xotes : 

See Note ( I t )  a t  end of c h a p t e r ,  

I__.- 
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A.6.14 

E q u i l i b r i i k i  Excited Sta t e  F rac t ions  for 

Xydrogcn Beams Travers ing  Sodium and Potassium 
.......... ........... ......................... ___.__ ........ .... ....... .......... ~ ________ .......................... - ~- 

Energy 
( keV) 

3 -E 
Excrited %a-te Fraction x n 

Na 

I-,5 E 01 
2 . 0  E 01 
2 , 5  E 01 
3.0 E 01 
4.0 E 01 
6.0 2 01 
8.0 d 01 
1.0 E 02 

1 .oo  E-01 
11.20 E-01 
3.30 E-01 
2,50 E-01 
1.23 E-01 
1-09 E-O1 
5.00 x-02 
5.00 E-02 

K 

L.50 x-02 

'1.55 E-01 
11.67 E-01 

4.76 E-02 

3.83 d-01 3.1 E-01. 

2.37 F-01  
8.60 E-02 

3-10 P L O ?  
.................. ............... .- - ......... I ~1~ ........ -. ......... .... ... ............ ~ 

* 
See Note ( 2 )  a t  end ol" chapter. 

References : 

;I + Na, Experi.ments1: V.A. Oparin,  R.N. Il'in, and. E , S ,  Sol-ov'ev,  
Z h .  Eks. 'Teo~". F i z .  __ 52, 369 (1967). [Sovi.et Phys. JETP 25 , 240 (1767) 1 .  

9 9- K, ExpeT-imental: R.N. Il'in, V.A. Opar in ,  E,S. Solov 'ev ,  N.V.  
jj'edorf-nko, Zh. Tekh. Fiz. -I 36, 1241 (1966). 
- 11, 921 (1967) 1 .  

[Sovie t  Phys. 'I'ech. Phys. 

H I- Mg, Experimental:  V.A.  Oparin,  R . N .  il'in, and E , S .  Solov'ev, 
Lh. Eks. Teor .  F i x ,  52,  369 (1960. [Sovie t  l'hys. JET:) 25,  240 (1967)l. 

I _. 

Accuyacg: 

S y s t e m t i c  error < + 10%. 
I_ 

See Note ( 3 )  at end of chapter .  
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A. 6.16 

EquiJ-ibl-iim- F rac t ions  of  a dydrogen Beam i n  Alumiauru and Go7.d F o i l s  

~ ......... _ _ _ . _ ~  ..... .. ~ __-__-__ ~ _ _  .. _ _  - . ___ ........ ~. __ ____.. ...~. __ ......- -. . -. _, ..... .. 

Energy Equilibrium Frac t ions  
(keV) 

....... ̂  . . . . . ......... ______--__II... 

~. . AI. 
____I 

% ' -  
1 -  

4.0 E 00 6.20 E-02 
6.0 E 00 5.21 i4-02 
8.0 E 00 ) I .% E-i)2 
1.0 E 01 4.00 E-02 
1 - 5  & 01 3.06 E-02 
?,O E 01 ? A 0  E-02 
3.0 E 01 1.41 E-02 
4.0 E 01 8.00 d-03 
6.0 E 01 
8.0 E 01 
1.0 z O? 
1.5 3; 02 

F0 0-3 - .- .- 

5.56 z-01 
8. 4.5 :&01 
8.13 3-01 
8. 18 .$:--oi 
7.71 z-01. 
7.25 E-01 
5.85 E-01 
k.58 E-01 
2.90 E-01 
1-92 E-.01 
1.20 E-01 
4.50 E-02 

F 
1 -  

8.20 A-02 
1.02 E - - 0 1  
1.99 E-01 
1.42 E-01 

2 . 5 1  E-01 
4.01 E-01 
5.34 E-01 

1.85 R - O ~  

7.10 ~ o i  
8.10 E-01 
8.80 &0J- 
9.55 E-01 

% ' -  
1 -  

11.11 E-02 
3.93 E-02 
3:74 E-02 
3.60 E-W 
3.1.6 3-02 
2-69 E-0% 
I. '.f9 E.42 
9.58 E-02 

Fo ?a _-- 
8.59 E-01 
8.)1h E-01 
8.01 E-01 
8.00 E-01 
7.50 E-01 
' f .00 E.-01 
5.90 z-01 
4.92 E-01 
3.58 E-01 
2.69 E-03 
2 , J . O  E-01 
1.28 E-01 

F1 -... .* 

1 .OO E-01 
1.23 E-01 
3 .44 E.01 

2.14 E-01 
2.68 E-01 
3.80 3-01 
4.97 g-133. 

1.65 E-01 

6.>5 E-01 
f .52 ~-01 
8.09 E--01 
9.00 3-01 

Hefel-ence: 

H +- Al, nu, !:xperimental: 

Accuracy : 

Randorti e r r o r  < + 5%. 

I 

J . A .  P h i l l i p s ,  Phys. Rev. 97, 404 (1955). 

I 
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-4.6.18 

0 + 
YieJ.d of fi and II- Observed €or an 3 &am 'Traversing :I and H20 2 2 

0 +- 
Yield ( H  and H- A t o m s  Per Incid-elit I T  I o n )  2 

H 0 Target 
.. . . . ... . . 2 H Targe t  2 

HO Yield . . ~ _ _ _ _  H' Yield H- Yie1.d 
~ 

1.0 E 01 
1. 5 ,e: 01 
2.0 E 01 
3.0 E 01 
4,0 E 03 

8-0 E 01 1.1.2 E 00 

1.5 E 02 6.08 E-01 

6.0 d 01 1.h0 E 00 

1.0 E 02 9.20 &-0l 

2=0 li (.I? 4.24 E-01 
3.0 E 02 2.35 E-01 
4.0 E 02 1-46 E-01 

6.15 E-02 

7 .'(a 1;:-02 
8.1.7 E-02 

6.27 E-02 

1.16 E 00 
9.40 E-01 
7.82 E-01 
5 ,  )LC( E-01 

2.35 E:-01 
1.51 E-01 

3.98 E-01 

... .II_ 
___x cI__ .. . ... . - .......... _._______ -___._________ _____ . ... .. . . . . .. . .. . . . . . . . . .- -. .-. . . . ... ... .. . -. _ _  

References : 

+ Ii2 t ( H 2  f H20) f Ho, Experimenial:  C.F. B a r n e t t ,  M. Rankin, J.A. Ray, 
PTOC. 6th In'cl. Conf. on ionization Phenomena i n  Gases (SUMA, Paris 
1963) V O ~ .  1 page 63. 

H2 + 1120 -+ H", Experimental: N.B. Brooks M. Roos R.P. Bastide 
P.H. Rose, and A . H .  Wittkower, Phys, Letts. - 6, 169 (1963). 

k 

Accuracy: I.................-. I 
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~ . 6 . 2 0  

0 4. 
Yield  o f  H and H"' Observed f o r  art H Beam 'Waversing H and H , O  

3 2 2 
- ..~ ... - - - ~  .. ~~ ~ ....... . .................... ~. . __--~ ____~ 

3- Yield (So and H- Atoms Per Inc iden t  I1 I o n )  3 

1.0 E 01 
l.> Js 0 1  
2.0 E 0 1  
3.0 J3 0 1  
4.0 E 0 1  
6 .0  03- 
8.0  E 01 
1.0 r: 02 
1 . 5  E 02 
2.0 r: 02 
3.0 E 02 
4.0 .LC 02 
5.0 ir: CP 

H2 Target H 0 Targe t  2 - .. ......- ......._....L. .. .- 

:in Yield K' Yield H' Yield 

j.50 E-02 
1. ~ 36 E-01 
1.66 E-01 
9. 30 E--01. 

2-711 E 00 
2,30 E 00 
1.58 E 00 
1.*16 E 00 
7.20 E - O ~  

2.53  E 00 
2 . 2 4  E 00 
1..98 E 00 
1.73 E 00 
1.30 E 00 
1.01- E 00 

5 .05  E 00 
3.90 E 00 

6.92 E 00 

References:  

H3 + H2 + H ~ Experimental :  C.F. Harnet'c, M. Hanki.n, J . A .  Kay, Proc, 
6th Zntl.. Conf. on Ionization Phenomena in Gases (SEHMA, Pai-is 1963) 
Vol, 1 page 6 3 .  

-_._-.I . . .. . 
f 0 

C.R. Middlet,on, M.F. Pay-ne, A . C .  Hiv iere ,  J .  Phys. B ..._ 4, 
~ 8 8  (1971). 

f - 
H3 + H20 + 1-I , Experimental: N.R. Brooks, M. KOOS, H.P. Bast ide ,  
P.M. Hose, a n d  A.R. Wittkower, Phys. Letts. - 6 ,  169 (1963). 

H3 
6 t h  I i i t L .  Conf . oil Ioniza ' i ion Phenomena i n  Gases (:;ERMA, Paris 1.963) 
V O ~ .  1 page 6 3 .  

f 
-I- 3 2 0  -f Ho, Experiiiiental: C.F. Barne t t ,  M. Ranki-n, J.A. Ray, Proc .  

Acci.iracv : 
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~.6.22 

+ + 4- 
Frac t ions  of H H2 , H2, H and. H as a Function oi" 

3 
3- 

2 Targe t  Thickness for LOO--keV H Travers ing  H 3 

4 
Target  

(micron-cm) 3 
Thickness F rac t ions  of Components Normalized t o  H 

-+ 
3 

H 

0 , o  E 00 1.0 E 00 
2.5 E 01 > . o  E-01 
5.0 E 01 2 " h  S-01 
7.5 E 01 l s l  E-01 
1.0 E 03 5.0 fl-02 
1 . 5  F: 02 l.? E-02 
2,O E 02 
3.0 E 02 
4.0 E 02 

t 0 

J 2 y 
3.6 E-02 8.8 F1-02 
3.9 E-O? 1 0 h-01 
3.3 E-02 9.3 E-02 
?*4 E-02 8.0 E-O? 
1.2 E-02 4. E-02 

1.0 E-O? 

H+ 

1.4 E-01 
2.4 E-03- 
3.0 E-01 

4.0 E-01 

4.4 E--Ol 

3 .  1.1 E-01. 

14 .3 E-!)l- 

4.5 E-():! 

3.8 E-01 
h , 4  z-01 
8.0 ~:-01 
8.9 E-01 
9.7 E-01- 

1.08 H 00 
9.9 E-01 

1.07. E 00 

Reference: 

T h e o r e t i c a l ,  based oil experimental  data: C.F. RarneLt, M. Rankin, 
J.A. Ray, Proc. 6 t h  Inti, Con?. on I o n i z a t i ~ o n  Phetlomena i n  Gases (SERMA, 
~ a , l - i s  1963) V O ~ .  1 page 63. 
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Equi l ib r ium Frac t ions  of a Helimn E e m  i n  A and He 2 

8.0 E 00 
1 .0  F: 01 
2-0 E 01 
3.0 E 01 

6.0 E 01 

1 .0  E 02 
2 .0  L 02 
3.0 E 03 
4.0 f, 02 
6.0 E 02 
8.0 E 02 
3 . 0 t?. (13 
2 . 0  E 03 
3.0 E 03 
4 . 0  E 03 

5.0  E 03 

11.0 E 01 

8.0 E 01 

F T "  
.~ 

5.20 E-05 
1.00 E--011 
1.60 E.014 
2.00 E-ah 
1.70 E.-oJ~ 

O m  
F 
-I- 

8.30 E - 0 i  
8.10 E-01 
7.60 15-01 
7.00 E--O1 
4.38 E-01 
2.46 E-01 
1.18 E-01. 

1.51 d-01 
1.57 E-01 
1.63 E-OL 

1.68 E-01 
1.98 E-01 

1.611 E-01  

2 .40  E-01  
2.89 h-01 1.00 E-03 
5.50 E-01 J-"23 E-O? 
6.90 z-01 6.68 E-02 
7.30 E-01 1.67 E - 0 1  

_m_p_l. . 

F0 .--- 

9.70 E-01 
9.62 E-01 

8.65 E-01 
8.30 E-01 
7.90 L-OJ 
7.60 ~'-01 

3.60 E . O ~  

1.14 F-01 

9.05 E - 0 1  

7.07 E.01 
5.00 E - 0 1  

2 .51  E - 0 1  

h.99 E--02  
1.914 K-02 

He 

F? _- 

2.90 E-02 
3.  I1 E-02 
7.50 f3-02 

1 . 4 0  E-01 
1.99 E-01 
2 50 E . O 1  
2.94 g-01- 
h.68 E-01 
5.90 h'-01 
6.49 E-01 
5.23 E-01 
5 .20  E-01 
3.80 E-01 
1 .04  E-01 
3.91 F-02 
1.80 E-02 
9.60 E-03 

1.09 E-01 

F2 m 
_I_ 

2.47 R-03 
3.40 E-03 
4.66 8-03 

2.05 E-02 
5.00 E-02 

2.58 E-01 
4.63 E-01 

6.26 E-03 

9.30 K-OP 

6.00 ~-01 
8.51 E-01 
9.35 E-01 
9.70 E-01 
9.86 E-01 

References : 

H + H2, Experimental: From t h e  review by S .  K .  Al l i son  and M. Garcia Munoz, 
"Atornic md Molecular Processes" (ed.  D.R. Bates, Acadeinic Press ,  N.Y. 1962) 
page 721. 

H 4 H e ,  Experimental: C.F. Barnett  and P.M. S t i e r ,  Phys. Rev. 109, 385 
(1958).  
V.S. Nikol.aev, e t  sl. , Zh. Eks. Teor, P i z .  33, 905 (l9m. 
JZTP 12, 627 (1961) 1 .  

_I___. . . . 
c 

9 

W. Meckbach and I . B ,  Nemirovsky, Phys. R e v .  , 153, 13  (1m). 
[Soviet  Phys. 

Accuraqr: 

Systematic error i s  negl.igible. Random error < 5%. 

-___.. 
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~ d . 2 6  

2 Equ.i-l.ib:r*i-um F r a c t i o n s  of a Ile1fum Bean! i n  N a d  0 2 

2 

4.0 r: 00 
6 .0  E 00 
8 . 0  E 00 
1 . 0  E 01 
2-0 E 0 1  
3.0 E 03 
4.0 E 0 1  

8.0 E 01 
1 .0  I3 02 
2 , 0  E 02 
3 .0  3 O? 
14.0 d 02 
6.0  E O? 
8 .0  R 02 
1-0 E 03 

3.0  E 03 
4 . 0  ii 03 
6 .0  E 03 

6.0 E 01 

2 , o  E 03 

Fo 00 
_____I_ 

9.80 E-01 

9.64 E-01 

9.06 E-01  

8.12 E-01 
7.24 E-01 
6.50  E-01 
5.84 ii-01 
3.46 E-01 
2,OO E-01 
1 .08  E-01 
3.80  E-02 

9.63 

9.35  E-01 

8.5,~ ~-01 

F1 

2,02 E-02 
2.75 E-02 
3.58 %-02 
4.42 E-02 
3.42 E-02 
1.43  3-01 
1.90 E-01. 
2.76 E-01 
3.50 ii:..-oi. 
11.12 E-01 
6.1-9 E-01 
6.90 E-01 
6.89 E-01 

3.95 E-01. 
2.80 E-01 
7.90 ~ - 0 2  
3.38 E.-02 
1 .80  E-02 

5.70 E-01 

7 .50  E-03 

F2 co 

2,36 E-03 
4.13 E-03 
3.50 E-02 
1,10 E-01 
2.04 E-01 
3.99 E-01 
5.65 s-01 

9.21 E-01 
' r .20  E-01 

9.66 E-01 
9.91 E-01 
9.92 E-01 

9. ( 3  E-01 
9.61 E-01 
9.00 E-OI 
8.50 E-U 

7.09 E-01.. 
8.00 E-01 

6.40 E-01 

3.86 E-01 
5.83 E-01 

F1 m 

? *  (0 R-01 
3.91 K.-02 
1 .00 E-Ob 
J.*50 E-01. 
3 , o o  E-01 
2.91 E - O ~  
3.56 E-01 

5.81 E-01 
4.10 E-01 

F* m 

2.02 E-03 
4.18 X-03 
7.02 E-03 
3.39 E-02 

..... . . . .. . . . . . -. .- . . . . . . . . . . . . . . . . . __ .- I .- ~-.. -. . . . . . . . ......_.. - -- I___ ....... -. . . . . . . .-. - _ _  

References:  

He f N 2 ,  Experi.mental: From the review by S.K. A l l i s o n  and M. Garcia-Munoz, 
"Atomic and Molecular Processes ) I '  (ed, D . R .  Bates Academic Press N . Y  1-96?) 
page '721, 
[Soviet. Phys. JE:':['P .- I 1.2, 62'9 (1961) ] .  

He t 02. Experimental : From the review by S . K .  A l l i s o n  and M. Garcia-Munoz, 
"Atomic and Molecula,r Processes ," ( ed .  D.R. Bates ,  Acad.emi.c P r e s s  N . Y .  1962) 

4- 

V.S. Nikolaev et al., Zh. Eks. Teor.  F i z ,  - 39, 905 (1961) 

f 

page 721. 

Accuracy: 

Syst,c?matic e r r o r  i s  n e g l i g i b l e ,  ~ m d o r n  error < 5 5%. 
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f l .6 .28  

Equi l ibr ium Fractions of  a IIelium Beam. in A r  

8.0 E 00 
1-0 E 01 
2.0 rl, 01 
3.0 E 01 
4.0 01 
6.0 E 01 
8.0 g 01 
1.0 E 02 
2 . 0  E 02 
3.0 3 02 
I+.o x 02 
6.0 E 02 
8.0 E 02 
1.0 E 03 
2.0 E 03 
3.0 E 03 
11.0 E 03 
>.O E 03 

..-- _^___^._ ...... ..... Ar 

El2 W -____ F1 O0 -. 
E'o m 

9.95 l3-01 5.00 E-03 
9.91 .E--01. 8 ~ 0  E-03 
9.65 E-01. 3.51 E-02 

8.31 E-01 1.09 3-01 
8.08 Z-01 1.92 d-03.. 

9.30 d-01 6.90 E-02 

7.23  E-01 2.76 E-01 1.10 E-03 
6.53 ~-01. 3 . )b)r E-01- 2.53 E-03 
3.53 E-01 6.20 E-01 2-70 E-02 
1%36 x-01 '7.70 E-01 9.39 E--02 

3.33 E-01 6.6.7 E-01 
2.35 E-01. 7.65 E-01. 
8.00 E-02 9.20 E-01 
b.00 E-02 9.60 ~-01- 

6.90 E-02 7.14 E-01 2.07 E-01 
3..90 E-02 4.90 E-01 14 .90 :E.-0J. 

2.40 E-02 3.68 E-01 
1.60 E 4 2  9. 84 %-01 

......... ........ .- ...... ..... . - - ___ ___ .___ ~. - ...--_I ___ ____ __ __ - ....... ___._^ ___ ........ ___ ......... ..... .... 

References : 

H e  -t- flr, Experimental:  Fyom -the review by S . K .  Allison and  M. Garcia- 
Munoz, "Atomic and Molecular Processes ,"  (ed. D.R. Bates ,  Academic 
P r e s s ,  N.Y, 1962) page 721. V.S. Nikolaev e t  a l .  , Zh. Rks .  Teo~. Fi.x. 
- 39, 905 (1961) [Sovie t  Phys. 32TP -- 12, 627 (1961) I .  

.-.- 

+ 

Accuracy: 

Systematic  error i s  negligible, Random e r m r  < + >$. 
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A.6.31 

x o t e s  

- .... 

(1) A t  very  high e n e r g i e s  t h e  equ i l ib r ium fracti.ons are expected t o  
be given by Fo ~ = U ~ O / ( ~ I C I  + 001) ana F1 
where a01 i s  the c r o s s  s e c t i o n  €or e l e c t r o n  s t r i p p i n g  from IT and 
C T l o  iS the c r o s s  Sec t ion  f o r  e l e c t r o n  cap tu re  by Il+. ve have 
used d i i*ec t  measurements of f r a c t i o n s  wherevor p o s s i b l e  but  where 
t h e s e  are not a v a i l a b l e  we have genera ted  va lues  us ing  c ross  
s e c t i o n s  from tne r e f e r e n c e s  c i t e d .  

= ( ~ O I / ( ~ I C I  + 0 0 1 )  

( 2 )  The equ i l ib r ium-exc i t ed  s t a t e  fraction r e f e r r e d  t o  here is  the 
fraction of  the n e u t r a l  flux t h a t  appears  i n  rL s ta te  of principal. .  
quantum nunher n(i.e.the f r a c t i o n  s m n e d  over  a71 angu la r  
momentum states of a given n). 
flux i nc lud ing  H+, Bo, H-. It i s  found t h a t  t h e  e x c i t e d  s t a t e  
fraction of t h e  n e u t r a l  beam decmases as n-3.  Thus it i s  eonyrenient 
and convent iona l  t o  quote t h e  f r a c t i o n  measured f o r  it given n ,  
m u l t i p l i e d  by n 3 ;  w e  adopt t h a t  convention he re .  15 should be 
noted  that the n-' r u l e  holds  only  f o r  t h e  h ighe r  p r i n c i p a l  qurm?x~m 
number states and t h e  data reproduced here a r e  determined €or n > 
10. Use of these d a t a  t o  e s t ima te  popu la t ions  f o r  s m a l l  n may be 
subject t o  error. I n  o rde r  t o  determine the f r a c t i o n  of e x c i t e d  
n e u t r a l s  of a given state n ,  i n  the ' t o t a l  f lm of p a r t i c l e s ,  (]ne 
simply takes t h e  va lue  of Fo o3 f o r  t h e  r e a c t i o n  from the relevant 
preceding  t a b l e ,  mu l t ip ly ing  by t h e  figure givcn here and d i v i d i n g  
by the  cube o f  t h e  p r i n c i p a l  quantum number of  i n t e r e s t ,  

It i s  not  t h e  f r a c t i o n  o f  t h e  t o t a l  - 

( 3 )  The r e a d e r  i s  caut ioned  t h a t  an equilibri .um e x c i t e d  s t a t e  f r a c t i o n  
of t h e  n e u t r a l  beam i s  not  t h e  g r e a t e s t  f r a c t i o n  observed i n  t h e  
neut ra l -  beam; t h e  g r e a t e s t  f r a c t i o n  occurs  a t  a l.ower pressure 
t h a n  the equ i l ib r ium fraction and may exceed the equi l ibr l i rm r rackion  
by a f a c t o r  of t h r e e .  See the references quoted here f o r  d e t a i l s .  

(4) Deuterons are expected t o  base t h e  same f r a c t i o n s  as protons  of 
equa l  v e l o c i t y .  







A.7.2 

Stopping Cross Sec t ions  f o r  Pro tons  arid 11 Atoms i n  A-Lomic Hydrogel?_ 

Energy Stopping Cross Sec t ions  
(keV) ( e v- em2 / e a t  om) 

-. - 
H --- HT - 

1 .0  E 0 1  1 .28  E-14 2.80 E - l $  
2.0 E 01 1.36 E-14 3.'18 E-1.5 
3.0 E 0 1  1.22 E-14 4.32 E-15 
4.0 E 01 1.10 E-14 4.70 E-15 
6.0 E 01. 8.50 E-15 5.20 E-1.5 
8.0 E 01 7.00 E-1.5 5.140 E-15 

3.0 E 02 2.'78 E-15 3.88 E-1.5 

6.0 E 02 1 .66  13-1.5 2.55 e-15 
8 .0  E 02 1.32 E-15 2.18 E-3.5 

2.0 E 03 6.50 E-16 9.60 E-16 
3.0 E 03 4.70 E-16 6 , 5 0  E-16 

1 . 0  E 02 6.1-5 ~ - 1 5  5 .41  E-15 
2.0 E 02 3.74 E-1.5 4.61 E-15 

4.0 E 02 2.24 E-15 3.31 E-15 

1.0 E 03 1.12 E-l$ 1.711 E-15 

Reference: 

H -1- H and H + I3 T h e o r e t i c a l :  A. Dalgarno and G.W. G r i f f i n g ,  Proe.  Roy. 
Soc. A - 232, 423 (1955) .  
+ 

Accuracy: 

See Note (4) at end of chap te r .  
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A.7.4 

Stopping Cross Sections: Tor P r o t o n s  in. Gases 

Stopping Cross Sec t ions  
(ev.--crn2/target payti.r:l.e) 

1.0 J 3  01 
2,0 E 01 
3.0 K 01 
4.0 E 0 1  
6 .0  E 01 
8.0 E 01 
1.0 E 02 
2.0 E 02 
3.0 E 02 
4 .0  E 02 
6 . 0  E 02 
8.0 E 02 
1.0 E 03 
2 .0  E 03 
3.0 i4 03 
4 .0  E 03 
5 .0  2 03 

8.0 E 03 
6.0 E 03 

1.0 E 04 

7.68 E-15 
1 .. 02 E..-1)-L 
1 .16  ~-1-4 
1.. 23 E-14 
1.25  Z-14 
1.2b E...I.)-L 
l"1-6 E-14- 
'7.84 ~ - 1 5  
5.80 E-15 
4. .76 ~ - 7 . 5  

2,68 e-15 

1.28 ~ - 1 5  
9.24 E-16 
7.36 ~-16 

5.30 E--1.6 

3.36 E-15 

2.26 E-15 

6.08 E-16 

4 .12  E-16 
3 .  40 E--3-6 

3. 3'7 e-45 
11.88 5;-J.5 
5.81. E - I . ~  
6 .40 ~ - 1 5  

7.20 ~ - 1 5  
5.50 ~ - 1 . 5  

7.7.5 E-15 
'I. 30 E-:!.5 

4 .40  E-15 
3.68 E-15 

2-30 E-15 
2.72 E-15 

l,90 E-15 
1 * 1 2  E-15 
8.03 E-16 
6.35 E-16 
5. L8 $1-16 
h.55 E-16 
3.55 E-16 
2.99 E-16 

2.20 E-ll!  

3.01.~ E-14 
3.3)-I E-114 
3.56 E-1-h 
3.62 E-11.) 
3.60 E-14 
2.84 E - l h  
2.22 E-14 
1.. 84 E-11-1 
1.43 E-.14 
1.19 E-1-4 

4 .'T6 E-15 

2.78 3-1.h 

1.03 
6.J-IO E-15 

3.76 E-15 

2.80 E-15 
2.24 E-15 

3.20 E-15  

2 ++ 
[Data are i n  eV - cm /rnolzcule f o r  iI2 and N2; eV - cm'//atom f o r  He]. 

k f e l a e n c e :  

+ 
H -t (H2,He) Exo.  and T h e o r e t i c a l :  Fiorn the review by W .  Whal jnn ,  
Xandbuch der  t'hysik, ea, S. FlGgge, Springer-Verlag 
Volume 34, page 193. 

H 1- N Z  Exp. and Theore t i ca l :  From the review by W. Whalirig, Xnndhuch 
der Physik,  , ea. S. Flugge Springer-Verlag ~ B e i * l i n  3 958, Volume 34 , 
page l T 3 .  

B e r l i n  1358, 

+ 

Notes:  ---- 

See Notes (1) ( 5 ) ,  and (10) a t  end of chapter .  

Accu.rac:y: Systernaiic error < +- 2%-  XalldoJii error  < 3%. 
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A.7.6 

Stopping Cross Sections for Protons i n  Carbon md I ron  

_____ - ----___--- - __ - ~- ___.. . . .- -_ . ........ --. . -...-- - -..~ ......-.. -. -. . . _. . . . . . . . . . 

Energy Stopping Cross Sections 
(keV) ( eV-cm2/atom) 

I__lll^-DsI_ll_ll- __I_ 

P'e - C __ 

1..0 E 00 3.02 Z-15 
2,o i!! 00 4.20 E--I5 
3.0 E 00 5.00 E-15 
4.0 .E 00 5.64 E-1-5 
6.0 E 00 6.71 Z-..l.5 
8 .0  E 00 7.60 2-15 
1-0 E 01 8.31 z-15 
2 , O  E 01 1-.09 E-1.4 
3 .0  E 0 1  1.24 E-14 
4 . 0  E 01 l.34 E-1.4 
6 . 0  E 0 1  1.4'1 E - l b  

1 , 0  E 02 1.51 E-14 
8 . 0  E 01 1.50  ~ - : i 4  

2,o J: 02 1 . 2 8  E-11.4 2 1:-14 
3.0 E 02 1 .02  E-llc 2.41 E-14 
4.0 .E 02 8.61 E-1-5 3.I .J-  E-14 

6.60 E-15 1.73  E-111 6.0 E 02 

8.0 E 02 5.110 ~ - 1 5  J-,47 Z-14  
4.61. E-15 1 . 2 8  &-14 1,o E 03 

2,o E 03 2.82 E-15 8.00 E-15 
3.0 E 07 2 * I..O E-1.5 6.10 .E-15 

3 ~ 8  E-1.5 6.0 E 03 1-%25 E-1.5 

2.63 ~ - 1 5  1 . 0  E Ob 

h.0 E 03 1..70 E - - i j  5.00 E-15 

8.0 E 03 3.1.0 E-15 

............................... ..I_-.-_..-. _ _ . - ~  
~ .......... .- -- 

References:  

H 4. C Exp, and Theoretical: 
der Pnysik, ed. S. Fliigge, Springer-Verlag,  B e r l i r i  1958, Volume 311, page 193; 
J . N .  Omod and. H . E ,  Duckwo~tb,  Can, S. Thys. 41, 1.424 (1963); E,P. 
kkhipov and Yu. V. G o t t ,  Zh. Eksp. Yeor. F f z .  $6,  11-46 (1969) [Sovie?; 
Phys ics  .SE':I'P 29, 615 (I?@)]. 

H +- Fe Exp. : 
Rev. 103, 32 (1956) ;  H.H.  Andersen, C.C. Ha~ilx::, H. Sfmoilsen, 8. Sorensen, 
ami P, VaJds, Phys, Rev. J.75, 389 (1968). 

+ 
From the review by W .  Id'haliilg,ymdj;,uch 

. . . . . . - 
- 

___. 

t- 
M. Bader, R.X. Pix]-ey, F.S. Moze3:e", and W. ma1.ing , Phys. 

-I 

____ 
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Stopping Cross Sections f o r  Protons i n  

Copper, Mol.ybdenurl?, 'Liings-ben , and Gold 

................ ....... .......... .. .......... -~ __. ~ ___ ......... ..... ........ ......... ____ -. ~..~..  ___ _-____ 

Stopping Cross Sec t ions  
( ev  --em2 /atom) 

1.0 E 00 
3.0 E 00 
3.0 E 00 
L.0 z 00 
6 .0  r, 00 
8.0 E 00 
1 . 0  B 01 
2 . 0  E 0 1  
3.0 E 0 1  
11.0 E 01  
6.0 E 01 
8.0 b: 01 
1 . 0  E 02 
2 .0  r: 02 
3 .0  F 02 
4.0 E 02 
6.0 E 02 
8.0 ii: 02 
1.0 E 03 
2 .0  E 03 
3.0 E 03 
11.0 k: 03 
6.0 E 03 
8.0 r: 03 
1.0 F 014 

3. lj-5 E-15 
11. .  78 E-15 
5 ~ 8  E-15 
6.66 z-15 
8.10 A-15 
9.38 E-15 
1.04 E-14 
1.53 E-14 
1 .82 E-14 
2.02 K - 1 4  
2*27 E - l ) +  
2-40 E-14 
2 .  1-19 E - l h  
2,3h E-14 
2 . 1 1  E - 1 4  
I" 91 &.I-)-! 
1 , 6 6  ~ - . l ) c  
I.* 45 E-1.4 
1-30 E - l k  

6.92 E-15 
5.67 E-15 
4.28 E-15 
3.42 E-15 
2 .91 E-15 

9.00 E-15 

1..94 E.-:i.)i 
2.60 E-llc 

3.28 E-1.4 

3.80 E-1.4 
3 .91  E - l h  
3.33 3-14 
3.59 E.--14 
3.20 E-14 
2 . 83 :F: .- 1.4 
2.32 E-14 

1,30 E-1-11. 1.83 E-11.1 2. 14 E 4 4  
9.80 Z-15 1,38 E-14 1.54 E-1.h 

7.00 E - ~ Z  9 .)LO E--15 1 . 0 3  E-1-4 
5.70 E-15 8.10 E-15 8.20 E-15 

2.99 E.--1.4 

3. 60 ~---i.)-r- 

8.00 E-15 I. 10 E-?.]& 1. 23 L1.h 

6.97 E-1.5 
6.00 8-15 

.......... .......... _-.-I_._-- ......... _̂ I._____ .......... .. - ___II ....... ..___.._.I____ ___-. __I__.. 
_ _ l _ _ _ l l _ _ ~  -. 

References:  

.t H .t (Cu,Au) Exp .  and T h e o r e t i c a l :  FTom t h e  revLew by W. Whaling, 
Handbuch de r  Physik,  e d ,  S. FlGgge, Spriager-Vei-lag, Berl. in 1958, 
Volume 34, page 193. 
J.C. Eckardt ,  Phys,  Rev. B - 6 ,  95 (1972) (normalized to Whaling). 
K .  Mori ta ,  f l ,  hkimuile, and T.  S u i t a ,  J .  Phys. S o c ,  Japan 25, 1525 (1968) 
(normalized t o  Valenzuela) .  

t o  Moritat] I 

I1 t- Mo Exp.: E.I. S i . r o f i n i n ,  A.F. Tul inov,  A. Fiderkevi.ch,  and. K.S. 
Shyshkin, Radia t ion  E f f e c t s  15, 11-Cg (1.5672). 

H + W Exp.: E-: [ .  S i r o f i n i n ,  A.F. Tulinov., A. F iderkevich ,  and K.S. 
Shyshkin, Radiati-on Effects 15, 149 (19'72) e 

A. Va.lenzuela, W. Meckbach, A.J. Kestelman, am3. 

E.P. Arkhipov and Yu. V. Go-LC Zh. Eksp. 
8-1- . iCor. F i z .  56,  1.2.J-16 (1969) (Sov ie t  Phys. JETP 29, 615 (1969) [normalized - - 

.t 

t 

Notes:  See Notes (1) , ( 2 )  (lo), (12) , mil (13)  at end of chapter. 

Accuracy: Systematic  error  < - -+ 2%. Handom error < .... -t- 1%., --.- 
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A. '7 .1.0 

+ ?t 
Range o f  15 i n  H He, and N? 

2' 

4.0 i3 00 
6.0 E 00 
8.0 d 00 
1 . 0  z 00 
2.0 A 00 
7.0 E 00 
L.0 r: 00 
6,O E 00 
8.0 H 0 1  
1 . 0  E 02 
2.0 r: 02 
3.0 E 02 
4.0 r: 02 
6.0 E 02 
8.0 t;: 02 
1 . 0  E 03 
2,o i3 03 
3 .0  E 03 
4.0 E 03 
6.0 E 03 
8.0 E 03 
1.0 rl 0Jb 

3.87 d-02 
4.9? E-02 
5.83 Z-02 
6.75 E-02 
1.10 2-01 
1,43 E-01 
1.74 E-01 
? ,% E-01 
2.97 3-01 
3.62 x-01- 
7.80 z-01 
1.3-f X-00 
2.13 E-00 
4.12 E-00 
6.72 E-00 
9.91 E--00 
3.38 F, 01 
7.03 E 01 
1,18 F, 02 
?,46 E 02 
'1.17 F, 02 
6.28 E O? 

3.46 E-01 
4.61 E 4 1  
5.68 E-01 

1.29 E 00 
2-09 F: 00 
3.07 E 00 
5.>3 F: 00 
8.65 3 00 
1.25 E 0 1  
4.04 E 01 
8.28 E 0 1  
2.87 E 03 
4.83 E 02 

6.7)J E-01 

5.98 z 03 
[.24 E 02 

2 N 

3.>0 E-07 
4.59 i3-02 

7.50 E. 02 
9.55 E-O? 

2.40 E A 1  

5.58 X-W 

1.17 E-01 

3.98 E-01 

1.08 F: 00 
1.69 E 00 
2.119 T 00 

5.93  E-01 

1.42 E 00 
1.46 E 0 1  
2.39 E 01 
Ji.85 E: 01 
8.07 x 01 
1.20 F: 02 

)c 

[For t a rge t  at '(60 mm Hg p r e s s u r e  and 15OC temperature]. 

References : .- 

+ 
1-I + H2 Exp,:  From the review by W. Whaling, IIandbuch dei- Physlk,  ed. 
S. P'lGgge, Springer-Verlag,  Berlin 1958, Volume 34, page 193. 
C . J .  Cook, E .  Jones ,  J r . ,  and T. Jorgensen, Jr., Phys. Rev. 91, 1417 (1953). 

:I c ( H e , N z )  EQ.: 
ed. S. Flsgge,  Springer-Verlag, B e r l i n  1958, Volume 34, -page 1-93. 

4- From the review by W. Whaling, 3and'ouch. der Physik, 

Notes  : 

See Nobes (31, (51, ( 9 ) ,  (lo), and (15) at End of chapter ,  

.- ..... ~ .-.- 

Ac cur  a.c y : .- 

Systematic: err07 < + 2%. R a n d o m  error < - 5. 1.5%. - 
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A.7.12 

+ Range of H in S o l i d  C ,  Cu, and Au 

...................... ~ ____ ... . .. . . . . .. . . . . . . .- ..~ P 
__ .........-.I .- __ 

h e r g y  Range 
(keV) (mg/cm2 1 _- l_.l..~..I_--. 

2.5 E 00 
3.0 E 00 
4.0 r: 00 
6.0 E 00 
8.0 E 00 
1.0 E 01 
2.0 E 01 
3.0 E 01 
4. 0 E 01- 
6.0 E 01 
8.0 d 01 
1.0 E 02 
2.0 E 02 
3.0 E 02 
4.0 E 02 
6.0 E 02 
8.0 x 02 
1.0 E 03 
2.0 r: 0 3  
3.0 E 03 
h.0 03 
6.0 E 03 
8.0 E 03 
1.0 E 04 

C - 

9.10 E-02 
I-. 15 E-01 
1.38 E-01 
1.7)c d-01 

2.40 E-01 
h.02 E-01 
5.75 E-01 
9.95 E-01 
l.23 E 00 
1.81 E 00 
2.53 E 00 
2.77 E 00 

2.09 E-01 

1..5JL .Id 01 
2.>8 E 01 
5.1~0 E 01 

1.. 41 r: 02 
9.20 E 01 

cu - 

3. ('3 E-02 
'k.39 E-02 
>.60 E-O? 
7.68 E-02 
9.63 E - O ~  

1.90 i ~ - o i  
2 *50 E-01 

) k . O O  E-01 
4.80 E-01 
5.60 E-01 
1.00 E 00 
1.k7 E 00 
?,OO K 00 
3.20 1; 00 
4.60 E: 00 

1.63 E 01 
3.03 Fn 01 
4.72 E 01 
9-10 E 01 
1*47 E 02 

1,14 E-01 

3.03 E-01 

6.08 00 

2,1.5 E 02 

AU - 

f.60 5-02 
8.30 E-O? 
1.12 R-41 
1.51 E-01 
1-83 ~-01- 
2.10 E-01 

4.40 E-01 
3.30 Z-01 

5.50 E-01 
7.65 d-01 

2.19 E 00 

6.29 E 00 
8.914 rl 00 
1.19 3 01 
3. 03 h 07- 
5.47 E 01 
8.41 E 01 
1.56 E 02 
2.43 E 02 
3. 45 b: 02 

9.80 E-01 
1.19 d 00 

3.05 00 
4.02 E 00 

X e  ferenc es 

H -t- C Theoretical : L.C. Nor thc l i f f e  aad R.F. S c h i l l j n g ,  Nuclear Data 
Tables  A - {, 233 (19'(O). 

if + ( C u , A u )  T h e o r e t i c a l :  From t h e  review by W. Whaling, Handbuch der 
lhysik, ea. S . Flyigge , Springev-Verlsg,  Bel-lin 1958 , Volwnp 311, page 3-93. 
Expprimental (E < 1 0  keV) R.L. tI ines,  Phys, Rev. xo__ 3-32, 7Ol (1-963). 

3 

3- 

Notes : 

see Notes (31, ( 5 )  , ( 7 )  , (lo), and ( 1 1 - 1 )  ai; end of chapter .  

Accuracy: See Note ( 6 )  a t  end of chap te r .  





A.7.14 

Ranges of Helium Ions i n  Gases ( H  He, N,) 2 '  

Energy 
(keV) 

5.0 E 01 
6.0 E 01  
8.0 E 0 1  
1 . 0  E 02 
2 a 0  E 02 
3.0 E 02 
4.0 E 02 
6.0  E 02 
8.0 E 02 
1 . 0  E 03 
2 .0  E 03 
3.0 E 03 
4.0 E 03 

3.82 E-01 
4.40 E - 0 1  
5.42 E-01  
6.34 H-01 
1 . 0 1  E 00 
1 .31  E 00 
1.60 E 00 
2.03 E 00 
2,46 E 00 
2 ,82  E 00 
4.60 E 00 
6.80 E 00 
9.61 E 00 

He - 
4.88 E-01. 
5.55 E-01  
6.85 E-01  

1 .32  E 00 
3.79 E 00 
2.19 E 00 
2.89 E 00 
3.118 E 00 
4.04 E 00 
6.75 E 00 
9.80 X 00 
1 . 4 0  E 0 1  

7.92 E-01 

N2 

1 - 0 5  E-01 
1.20 E-01. 
]..I45 E-01 
1 .69  E-01 
2.68 E-01 
3.49 E-01 
4.20 E-01 
5.40 E-01 
6.44 E-01. 
'7.40 E - 0 1  
l . 2 3  E 00 
1.81 E 00 
2 m 6 ! ~  E 00 

References:  

Experimental  and Theoreti-cab: From the review by L.C. N o r t h c l i f f e  and 
R.F .  S c h i l l i n g ,  Nuclear Data Tables A 7, 233 (1970) .  

Accuracy: 

Not s p e c i f i e d .  

-- 
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Ranges of Helium Ions i n  Sol-ids ( C ,  Cu, Au) 

5.0 E 01 

8.0 E 0 1  
1 . 0  E 02 
2,o z 02 
3.0 E 02 
h .0  E 02 
6.0 !d 02 

6.0 F 01 

8.0 E 03 
1 . 0  E 03 
2,O E 03 
3 .0  E 03 
11.0 E 03 

C - 

9.90 E-02 
1.11 E-01 
1.35 E-01 
1 - > 5  E-01 
2 .3> E-01 
2 -93 E-01 
3.56 h-01 
4.59 E-01 
5.59 E-01 
6 -58  3-01 
1.2? E 00 
1.90  E 00 
p.85 d 00 

CU _- 

5.10 E 00 
7.01 E 00 

7.46 E-01 
8.22 E-01  
9.76 E-01 
1.11 E 00 
1.62  E 00 
3,OT E 00 
2.36 E 00 
2.95 R 00 
3 .>4  E 00 
) L . ! O  IT 00 
7.04  i3 00 
1 .02  E 0 1  
1 . 4 2  E 01 

___..__ -======== ___.. ____ .~ ___ 

References ... : 

Iie 
L.C. N o r t h c l i f f e ,  and R.F. S c h i l l i n g ,  Niic1ea.r Data 'Tables A 1, 233 (l.970). 

lie 
Handbuch der Physik 3and 34 (Spr inger  Verl~ag, Ber1i.n 1.958) page l-93. 

% 
-I- C and Air, E x p e r i m a t a l  an3 Theor&ica l :  From tile review by 

+ 
i C i l ,  Experimental  and Theoret ical . :  From the revi.ew by W. W l a l i n g ,  

Unspecif ied.  
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A.7.1-8 

Conversion F a c t o r s  f o r  Energy Loss Measurements 

...____.._ ___ - . . . . . . . .. . . .... ._.._._.._.I.._ _______ . . . . . . . . . . .. . . . . . . -. .- -. ___ . . . . . .. . - ____ ..__ ____ -P 

Mat e r i a1 A B p(g /cc  a t  Oil-760mm) p ( g / l i t  a t  0 ~ - 7 6 ~ r m i )  

TI 

lL2 

He 

Be 

B 

C 

N2 

2 0 

-41 

A 

Fe 

Ni 

cu 

Zn 

Pd 

w 

Pt 

Au 

H2° 

c02 

598 

150 

66.8 

55.7 

50 .1  

43.0 

38.8 

22.3 

15.1 

10 .8  

10 .3  

7.148 

7 .21  

5.614 

5.58 

3.33 

3.2'7 

3.09 

3.05 

33.42 

13 .68  

0.0507 

0.0255 

12  4 

130 

113 

0.0509 

0.0509 

60.3 

0,02547 

84.8 

71.3 

84.7 

65.8 

68.6 

58.6 

55.3 

63,2 

65.9 

59.0 

0 .  UT64 

o 07611. 

0.090 

0.178 

1.84 

3.33 - 2.3b 

2,25 - 3552 

1.25 

1.. 43 

2 - 7  

1.78 

'7.6 - , ( .7  

8.6 - 8.9 

8 .3  - 8.3  

'i . 1 

12-2 

1 0 . 4  - 10.5 

16.6 

1.8.6 - 19.1 
21. I 4 

19.3 

1 . 0  

1.98 
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Notes 

It i s  emphasized t h a t  t h e  s topping  c r o s s  s e c t i o n  i s  f o r  t h e  energy 
loss o f  protons .  Hydrogen atoms mag e x h i b i t  a much sma l l e r  energy 
loss. Unfor tuna te ly  t h e r e  i s  only a s i n g l e  experiment where 
t h e  p r o j e c t i l e  beam i s  maintained. i n  a p u r e l y  at0rc-j.c s t a t e  throughoiit ,  
and t h i s  experiment i s  f o r  If2 [see S. X ,  A l l i s o n  e t  al., Phys. Rev. 
127, 792 ( S S & Z ) ] .  See a l so  f irst  d a t a  se t  for t l i i s  s e c t i o n .  - 
The s topp ing  c r o s s  s e c t i o n s  are f o r  a s o l i d  t a r g e t .  There i s  no 
d i r e c t  in format ion  as t o  whether t h e  s topp ing  c r o s s  s e c t i o n  i n  a gas  
would be t h e  same - al though t h i s  would seem t o  be a reasonable  
assumption. 

A d i s t i n c t i o n  between " m e a n  range" and "ex t r apo la t ed  i o n i z a t i o n  
i s  made by W. Whaling [Hand'uuch d e r  Physils, ed .  S ,  Flcgge, Springer-  
Verlag,  b e r l i n  1958, Volume 34, page 1931. 
i s  s m a l l ,  and the d i s t i n c t i o n  has riot been observed he re .  

I n  g e n e r a l  the di . f ference 

These d a t a  are t h e o r e t i c a l  and have not  y e t  been confirmed d i r e c - t l y  
by experiment.  
measurements f o r  H+ and H i n  II;! when such measurements are d iv ided  
by two [ s e e  S .  K.  A l l i son  e t  a l . ,  Phys. Rev. - l?(, '192 (1962)l. 

They a r e  however i n  good agreement w i t h  exper imenta l  

AKA ex tens ive  t a b u l a t i o n  o f  semi-empirical  d a t a  f o r  va r ious  p r o j e c t i l e s  
a n d  t a r g e t s  i s  t o  be founci i n  t h e  work o f  L .  C.  M o r t h c l i f f e  and 
3 .  F. S c h i l l i n g ,  Nuclear Data Tables A 7,  233 (19'10). 
provides  p r e s c r i p t i o n s  f o r  i n t e r p o l a t i o n  t o  any rnec2i.a. 

T h i s  a l s o  

These data are t h e o r e t i c a l  arid have not  y e t  been ccnfirmed d i r e c t l y  
by experiment a t  t h e s e  ene rg ie s .  

Extens ive  tpAbula t ions  of  t h e o r e t i c a l  range-energy r e l a t i o n s  f o r  impact 
ene rg ie s  up t o  lo5 MeV are t o  be found i n  t h e  work of 3.  14. Sternheimer,  
Phys. Rev. -- 115 ,  137 (1959). 

The work of Hines quoted h e r e  i s  a c t u a l l y  a measurement f o r  D2 
impact.  Following Hines w e  'nave der ived  an equ iva len t  va lue  Cor 
H+ by assuming D2+ behaves as two i s o l a t e d  D+ ions of" equa l  energy ,  
and the range is  twice  that  for  p ro tons  of equal v e l o c i t y .  

c 

The r e f e r e n c e s  given also con ta in  d a t a  f o r  many o t h e r  gases .  

(10 )  Deuterons behave tlne same as protons  of  equal v e l o c i t y ,  

(11) Cross sections f o r  h ighe r  energies may be ob ta ined  by the  formuh.:.t: 
E i s  eriergjr in MeV; Z i s  ta rge t ;  at0rnj.c E = A/E[Rn(E/2) -I- B]10-l5. 

number. 
B = 5.14. 

The cons t an t s  A and B f o r  czrbon a r e  as follows: A = 1.44, 
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(12) Cross s e c t i o n s  for higher ene rg ie s  are the same as i n  Not? (11) 
wi th :  A = 6.95, B = 5.21 f o r  C i i ;  A = 18.9; B - 5.22 for Au. 

(1-3) mt. r e fe rences  g iven  con ta in  d a t a  f o r  many o t h e r  metals. 

( l ) ! )  At l o w  el-ii.r>gies iiie range H is expec ted ,  on t h e o r e i i c a l  grounds, 
t o  vary  w i t h  impact energy E approxjrnately as K = KE1/'. 
be used t o  e x t r a p o l a t e  the data, given h e r e  t o  lower eneygies .  

This itlay 

(1.5) At the lowest energies of  t h i s  t a b l e ,  t h e  range R and energy E(keV) 
a r e  related by H = KEn. 
ene rg ie s  u s i n g :  K = 0.0147, n = 0.67 foi- Hz; K = 0.00439, n = O . ' l 1  

Data may be  extrapolated down t o  lower 

foi- N7. 
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f 
cross  Sec t ion  f o r  the Two-Bocly Hecornbination of E and H- Ions 

Barycent r ic  
Energy 
(eV> 

He e ornb i n a t  ion  C 1-0 5 5 5 e c t i on 
( c m 2  1 

1.0 E-01 
2.0 E-01 
3.0 E-01 
5 .O E-01 
1.0 E 00 
2,O E 00 
3.0 E 00 
5.0 E 00 
1.0 E 01 
2.0 E 01 
3.0 E 01 
5.0 E 01 
1.0 E 02 
2.0 E 02 
3.0 E 02 
5.0 E 02 
7.0 E 02 
1-0 E 03 
2.0 E 03 
3.0 E 03 
5.0 E 0 3  

$ i- H- -f H + H ~ _ - . -  

2.84 E-3.3 
1 a 71 :~-n 
1,25 x-13 
8.61 E - : L ~  
5.18 E-14 
3.45 E-14 
2.70 E-14 
2.00 E-1-4 
1 . h 3  E-14 
1.36 ~ ~ n . 4  
1.50 E-14 
1.77 E-14 
2.32 E-3.4 
1.9'7 E-111 
1.50 E-14 
1.27 E-114 
1.36 E-111 
1.24 E-14 
7.26 E-15 

3.38 E-1.5 
5.40 E-15 

References : 

J. Moseley, W. Aberth,  and J . R .  Peterson, Phys. Rev. Letts, 24, 435 (1.970). - 

R.D. H ~ ~ n d e l ,  R.L.  Ai-tken, and M.F.A. Har r i son ,  J. Phys. I3 ._ 2, 954 (1.969). 

Accuracy : --._- 

The total e r r o r  is believed n o t  t o  exceed f 35%. - 
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4- 
Cross Sect ions  f o r  the Two-Body Recombination of H e  

3- wi-th H- ions and of He w i t h  D-' Ions 

Barycent r ic  
Energy- 
(ev) 

Recombination Cross Sec t ion  
( cm2 ) 

I- 
IIe -+ D- I- 

H e  + H- 

1.0 E 00 
2.0 R 00 
3 .0  E 00 
5 .o ?I: 00 
1.0 E 01 
2.0 E 01 
3.0 E 01 
5 . 0 P: 0 I. 
1.0 E 02 
2.0 E: 0% 
3.0 E 02 

9.0 E 02 
1.5 F: 03 
2.0 E 03 

6.0 E 03 

5.0 P: o:! 

h.0 E 03 

1.00 :E:-1.3 

6.14 E-1~4 
5.09 E-14 
3.88 113-14 
2.98 E-11.~ 

2 .:1.8 E-14 
1 , 7 8  E-14 
1 .53  E-14 
1.142 lGI.4 
l.25 E-114 

7.36 E-14 

2.59 E - l h  

1 . 4 4  E-14  
1 .23  E-14 
1.09 E-114 
3.06 E-15 
9.2'T F-15 
4.42 E-15 
1.93 E-15 

References : 

He -1. fi": 
3- 

T.D. Gailey and M.F.A. Harr i son ,  J .  P'nys. E3 - 3, 1098 (1970). 
4- 

H e  3. D-: R.E. Olson,  S . R .  Pe t e r son ,  and J . T .  Moseley, J. Chem. Phys. 
__I 53 ,  3391 (19'70). 

Accuracy : 

The t o t a l  error i s  be l i eved  not  to exceed +- 35%. - 
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1- - 
Cross Sec t ions  f o r  tlic Two-Body Recombi.nation of N with 0- Jons, 

i- -k 
of 0 with  0- Tons, arid of H, with  1)- Ions 

- 

Recombination Cross  Section 
( cm2 1 

1.0 E-01 
I . 2  L O 1  
2,O E-01 
3.0 E--01 
5.0 E-01  
1 . 0  E 00 
2-0 E 00 
3.0 F 00 
5.0 E 00 
5.6 3 00 
1.0 E 01 
1.5 E 01 
2.,0 E 01 
3.0  b 01 
4.0 E 01 
5 .0  01 
6.0 E 0 1  

8.1-15 E-13 

4.00 kL-1.3 
2=‘(4 E-13 
1. 83 :K-J.3 

5.50 E-13 

1 . 2 1  E-3.3 
9.73 E-l)-c 
7 . 4 1  E-1.4 
7.23 E-14 
5.62 E - l h  
4 .81 ~ - 1 1 1 .  

9.38 E-13 
8.00 E-13 
4.32 E-13 

2 - 3 2  E-13 
1_.42 E . 1 3  
1,OO H-I3 
8.36 E-14 
7.02 E - 1 4  
6.68 E-14 
5.88 K-14 
> .46 E-14 
5.25 E-lh 

3.51 E.-13 

y.21 E-13 
6.00 E-13 
3.72 E-1-3 
2.6.7 e-13 
1 .86  E-13 
1.16 e-13 
‘7 .4l. .E - lh  
5.75 E-14 
4 . 57. E-14 
b.21. E-14 
4.39 E-14 
3.60 E-1.4 
2.7’7 E-114 
3.10 E - l b  
2.94 E-llc 
2,66 E-14 
2 * 5 3  E-1.4 

References : 

f 
B + 0-: W .  Aberth a n d  J.E. Pe te r son ,  Phys. Rev. A 1: - 1.58 (1970). 

0 f 0 - :  J . T .  Moseley, W. Aberth,  a id  J.X. Peierson ,  J. Geophys. Kc:;. 
- 77, 255 (1972). 

f 

+ D-i W .  Aberth,  J . T .  Moseley, and J . R .  Pe t e r son ,  Two Row ICI~I-IOII 
Neut ra l iza t , ion  Cross S e c t i o n s ,  AE’CHl, Report No. 71--0481, A i r  Force Czmbridge 
Besearch Laboratories ~ Bcdford, Mass. (1971); J.T. Moseley, R . X .  Olson, and 
J.H. Peterson ,  Case Stud ies  in A t o m i c  Physics  5 ,  1 (1975). 

Accuracy : 

The t o t a l  e r r o r  i s  b e l i e v e d  not to exceed f 35% _- 
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Cross Sections for the Two-Body Recombination o f  

O2 k i t h  0 i ons  and of N w i t h  O2 Ions  
f - f - 

2 2 

Barycentric 
Ene r gy 
(ev) 

Recombinat ion  Cross Sect ?.on 
( em2 1 

1.5 E--01 
2 .O E-01. 
3.0 E-01 
4.0 E-01 
6.0 E-01 
l . 0  E 00 
2.0 E 00 
3.0 E 00 
4.0 E 00 
4.5 F, 00 
5.0 E 00 
6.0 E 00 
7.0 E 00 
8.0 E 00 
9.0 E 00 
1.0 E 01  
1. 2 )1: 0 7 -  
1.4 E 01 
1.5 E 01 
2 - 0  E 01 
2 e 5 E 01. 
2 . 8  E 01 
3.2 E 01 
b.1~ E 01 
5. 0 F: 01. 
7.0  E 0 1  
8.0 E 01 
9.0 E 01  

f - 
N2 .I- 0 

2 

1*2O E 4 2  
1-00 E-1.2 
.-I. m E-13 
6.1.2. ~ - 1 3  
k.80 E-13 
3.57 E-13 
2 - 2 1  E-13 
1.64 E-13 
l.T( E-1.3 
1-13 E-1.3 
1 .20  E-13 
1.42 E-1.3 
1.54, E-13 
lS52 E-13 
1 - 4 2  E-13 
1.q E:-13 
9.1.2 E-llc 

1 - 1 8  E-:U 
6.73 E-1.4 

5.53 E-l)+ 
7.30 E-l)r 

6.22 E-14 
4.98 E-14 
5.98 E-llc 
3.66 E-1.4 
4.33 E-14 
4.10 E-lb 

-!- 1 

O2 __ + O2 

2.42 E-12 
1.91  E-12 
1.h8 E-13 
1.25 E-13 
1.03 H-12 
7.L8 E-13 
3.87 E-13 
2.29 ~ - 1 3  
1. ( 3  E-13 
1.80 E-13 
1.95 E-1-3 
1-55 E-13 
1.35 E-13 
1.29 E-13 
1.07 E-13 
1 .OO E-13 
1.09 E-13 
9.00 E-14 

References : 

0 2  I- 0 2  : J.N. Peterson ,  W. Aberth,  3.T- Moseley, and J . R .  Sher idan ,  
Phys. Rev. A 3, 1651 ( 1 9 i l ) .  

N 2  f 0 2  : 

I_ 

c -. 

f - 
W .  Aberth and J . R .  Pe t e r son ,  Phys. Rev. A - 1: 1>8 (l9'TO). 
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Cross Sec t ions  for t h e  Two-Body Reconibinatioa o f  

4- + 
wi th  0- Ions and of NO with 0- Tons O? 

Bary cent  r i. c 

Energy 
( e v )  

Recombination Cross Section 
( cm2 ) 

NO* f 0- 
+ or, +- 0- 

1 . 5  E-01 
2 .0  H-01 
3.0 E-01 

1. . 0 r: 00 
2.0 3 00 
5.0 E 00 
1 . 0  E 01 
2 .0  E 01 
2.5 E 01 
5.0 E 01 
8.0 E 03 

5 .o E - O ~  

1.12 E-12 

6.41 E-1.3 
8.97 E-13 

h .  44 L 1 . 3  

1.66 x-13 

7.914 E-l.!c 
6.30 E-llc 
5 .93 E-1-11 

2-71. E-13 

1.00 E-13 

h . Y 7  E-13 

1. 83 e--1.3 

3.44 E-1.3 
2.53  E-13 

1.1.9 E-13 
8.53 E-1-14 
j .88 E-14 
14. .‘14 E-14 
3.80 E-14 
3.37 E-114 
3.11 E-114 
2.6’7 E-3.4 

Reference : 

J .T .  MoseLey, W .  Aberth,  and J . R .  Petersoi l ,  J .  Gmphys. Res, - ‘ i r T ,  255 (1972). 

..... 

Accuracy : 

The t o t a l  error is b e l i e v e d  n o t  t o  exceed - -b 3 5 % .  
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+ + + H2 + X 3  + H 2 Cross Section, f o r  t h e  Lon-Molecule React ion H 

I n t e r a c t i o n  Energy 
(ev) 

Cross Sec t ion  
( cm2) 

1.0 E-01 
5 .o E-01 
1.0 E 00 
1.5 E 00 
2.0 E: 00 
2.5 E 00 
3.0 E 00 
3.5 E 00 
4.0 E 00 
4 . 5  E 00 
5.0 E 00 
5 .5  E 00 
6.0 E 00 

3.40 E-15 
2.03 E-15 
1-22 E-15 

5.30 E-16 
7.82 E-16 

3.65 E-16 
2.58 E-16 
1.80 ~ - 1 5  
1.42 E-16 
1.1.0 E-16 
8.80 ~-17 
'7.20 E-a7 
5.95 E-17 

Reference : 

R.H.  Neynaber and S.M. Trujillo, Phys. Rev. - 167, 63 (1968). 

A.R.  Lees and P.K. Kol, J. Chem. Phys. g, 4444 (1974). 
Accuracy: 

The t o t a l  e r r o r  i s  b e l i e v e d  not t o  exceed - + 40%. 

The s t a t e s  of  the reactcults are unknown. 
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+ + + 
2 Cross Sections f o r  'ihe PToduction of D , HD , and D 

2 by Pro ton  1 m p . x ' ;  on T) 

cross Sect io l l  
( cm2 ) 

3.5 E-01 
5 .0 E--01 
I.0 E-01 
1.0 .Id 00 
1.5 E 00 
1.'~ E 00 
2.0 E 00 
3.0 E: 00 
4.0 E 00 
5.0 E 00 
r.0 E 00 
9.0 E 00 
1.5 E 03. 
2.0 E 01 
3.0 i3 01. 
h.0 x 01 
6.0 E 01 
8.0 E 01 
1.0 E 02 

1.16 z-1.5 
7.'[0 E-16 
5.00 E-16 

1.65 E-16 
1.36 ~ - 1 6  

3.10 E-16 

1-08 E-1-6 

3.35 E-1.7 
5.50 E-1.T 

2*35 E-17 
1. $ 5  K-17 
l.25 E-1-7 
9.25 E-18 
8.10 E-18 
6.45 E-18 
5.10 E-18 
3 .I45 E-1.8 
2.43 E-18 
1.90 2-1.8 

9 - 5 0  d-19 

?,4C E-17 
2.45 E--l '( 

1 .50 E--17 

1-35 ~ 1 - 7  
5.20 E-18 

2.63 &-ig 

2.06 P:-I 9 

5.35 E-19 
3.45 E-19 

2.71 E-19 

1.90 E-19 
1.80 E-19 

2.00 E-19 
7.00 E-19 

2.90 ~-17 
1.05 E - l (  

5.10 E-17 
6.>0 E-17 
3.15 E-17 
1.65 E - ~ T  
1.33 E-17 
1.00 E-l'( 
8.30 E-18 

5.50 E-1 8 
6.>0 E-18 

4.85 E-18 

Reference : 

W.B. Maier, 3 .  Chem. Phys.  54, 2732 (1971). 
__I____... 

A@ curacy : 

The to t ,a l  e r r o r  i s  be l i eved  not  t o  exceed - + 30%. 

~ _ . .  .. .- 

Not2 : 

A t  the  h igher  energ i -es,  t h e  undetec ted  produc'i,s may d i f f e r  from t h e  
neutral products  in parenth-- c a e s .  

_- 
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Eate  C o e f f i c i e n t s ,  k, of The rxa i  Energy Ion-Molecule Reac t ions  a t  Room Temperatxre  

En c e r t a i  n t y  R e f  e r en ce React ion k 

+ + 
HD + KD -f H2D -+ D 

+ + 
D2 + D 2 + 9  + D  

3 

-k He + H2 + products  

H e  -5 D + p r o d w t s  

Be + d -f produc t s  

i 

2 
+ 

2 2 

~ 1 - 4 1 i - t ~  + e  2 

+ + 
H e  + 2de + Be -+ He 2 

-I- + 
H + 2H2 -+ H + H2 

3 

4. + 
H e H  -t B -f H 4 He 2 3  

1 .95  x cm 3 / s e c  

0.75 x cz3/sec  

1 . 0 5  x cm3/sec 

1.6 x IO-’ cni3/sec 

< 3.0  x cK3/sec 

1.1 x 10-l~ cm3/sec 

5 x 10-l‘ cm’/sec 

5 . 3  x 10-l’ cm3/sec 

3 1.8 x cm / s e c  

6 10 .2  x cm / s e c  

6 3.05 x em / s ec  

6 3.05 x cm / s e c  

3 1 . 4  x cm / s e c  

- + 20% 

-+ 20% - 

- -+ 20% 

7 20% - 

V. 

- + 10% 

+ 20% 

-+ 33% 

- 
I 

F a c t o r  of 2 

+ 10% 

- -c 5% 

- 

+ - 15% 

M.T. Bowers, D.D. Elleman,  & J. King, J .  Chem. 
Phys.  50, 1767 (1969). 

M.T. Bowers, D.D.  El leman,  & J. Kicg ,  J .  Ckem. 
h y s .  50, 4787 ( -969) .  

M.T. Bowers, D.D. Elleman,  & J .  King, J .  Cheni. 
Phys . 50, 4767 (1969)  . 
N.T.  Bowers, D . 2 .  E l ieman,  & 2’. King, J. Chem. 
Phys ~ - 50 , b767 (1969;. 

V.  A q u i l a n t i ,  A .  G a l i i ,  A .  Giard in i -Guidoni ,  & 
G . G .  Vo lp i ,  J.  Chem. Phys. 43, 1969 (1965) .  

R. Johnsen  and M.A. B iond i ,  J .  Chem. Phys. 
- 61, 2112 (1974). 

N . G .  Adams, D . K .  Bohrne, & E . E .  Ferguson ,  J .  %en. 
Phys. 5 1 C ;  (1970). 

F.C. Fehsenfe ld ,  C .  J. Howard, L F.3. Ferguson,  
J .  Ckem. Phys.  58, 5841 (19“3) ,  

E .C .  a e a t y  & P.L.  P a t t e r s o n ,  Pays.  Rev. T, 
A-364 (1955 ) . 
E .  G r a h m ,  D.R .  j ames ,  W.C. Keever ,  I.R. Ga-tlaiid, 
D . L .  Albrit-ton, & E.W. McDanlel, J.  Cnem. Phys. 
- 59, 4648 ( 1 9 7 3 ) .  

E .  Grahcz,  2.3. C m e s ,  W.C. Keever ,  1.R. G c t i a J l d ,  
D.L. A l b r i t t o n ,  & E.W. McDaziel, 2 .  Chem. Phys. 
- 59, 46L6 ( 1 9 7 3 ) .  



Rate Coefficients,  k ,  of Thermal Energy Neutral-NeutraL Reactions 

Reaction Temp. 
(OK) 

Uncertainty Reference 

H + D + H D + H  299OK 1.75 2 0.06 x 10 8 3  cm /mole-sec + 57; A.A. Westenberg & N .  D e  Haas, J. Chem. - 
Phys. 2, 1393 (1967). 

A.A. Westenberg & 11. D e  Raas , J. Chem. 
Phys. 47, 1393 (19671. 

2 

+ 8% - H + D2 + HD + D 

H + H  + H 2 + H  299OK 1.6 - * 0.3 x 10 cm'/mole-sec - 

299OK 1.56 + 0.12 x 10 7 3  em /mole-sec 

+ 20% K.A. Quickert & D . J .  Le  Roy, J .  Chem. 8 -  

* Phys. 53, 1325 (1970). 2 

W 

-3 
8 3  + 30% D . J .  L e  Roy, B.A. Ridley, and R.A.  358.1'K 2.7 + 0.8 x 10 cm /mole-sec - - D + D2 -f D2 + D 

Qaickert, Discussions Fsraday SOC. e, 
92 (1967). 

6 2 2.94 + 0.15 x 1015 cm /mole -sec 

2.54 + 0.15 x lOl5 cm /mole -sec 

2.21 -+ 0.11 x 1 0 ~ 5  cm /mole -see 

+ 10% D.W. Trainor, D.O. Ham, Qb F. Kaufaan, 
J. Chem. Phys. 2, 4599 (1973). 

D.W. Trainor, D.O. R a m ,  & 3'. K a l l f m a n ,  
J. Chen. Ph;.s. 58, 4599 (1973). 

- - H + H + H  + X  + 9  298OK 2 2 2  

6 2 H + H + H e  -+ H2 + He 298OK 210% - 
6 2 + 10% D.W. T r a i n o r ,  D.O. t~m, 8~ F. Kaufman, - - 298'K 

J. Chem. Phys. 55, 4599 (1973). 2 + 
D + D + D2 -+ I) 
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Photoabsorpt ion and Photo ior i iza t ion  i n  Atomic Hydrogen 

911,753 
(Threshold)  

900 
800 
700 
600 
500 
)coo 
300 
200 
100 

80 
60 
50 
40 
30 
20 
1 0  

1.36 E-02 

1.38 E-02 
1,55 d-02 
1 .'7'7 E-02 
2.07 E-02 
2 ,148 E-02 
3.10 E-02 
4.13 E-02 
6.20 13-02 
1.24  E-01 
1.55 E-01 
2 .07 E-01 
2.1~8 E-01 
3.10 E-02 
lc.13 E-02 
6 .20 E-02 
1 . 2 4  E-00 

Same as 6.31 E-18 
I o n i z a t i o n .  
See Note (I) 6.12 ~-18 

4.44 E-1.8 
3.10 E-18 
2.02 E-18 
1.22  E-18 
6.43 E-13 

8.20 E-20 
9.92 E-21 

2.78  E-19 

1-c.30 13-21 
1.37 E-21 
1 .10  E-21 
5.39 E-22 
2.10 E-22 
5.56 E-23 
5 .55  E-214 

Reference : 

Theore- t ica l :  J . A . R .  Samson, Advances i n  Atomic & Molecul.ar Pnys ics  2-, 
177 (1966) [Publ.  Academic Press, X . Y . ,  Ed. D . X .  Bates and I .  Estermaan] .  

Accuracy: - 
Unspeci l ied.  
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Photoabsorpt ion and Pho to ion iza t ion  in Molecular Hydrogen 

hV + H2 

hV 3. D2 (See Not2 4) 

Photon 
Wavelength 

(8) 
Photon 
Energy 
(keV) 

Cross Sec t ion  

- 
( cm2 ) 

Ab s o r p t  i on  Lonization 

860 
850 
800 
750 
7-00 
650 
600 
550 
500 
450 
400 
350 
300 
250 
200 
150 
100 
80 
60 
40 
20 

1 .44  E-02 
1 .46  E-02 
1 .55  E-02 
1 .65 3-02 
1 , 7 7  E-02 
1 . 9 1  ~ 0 2  
2,07 E-02 

2 .48 3-02 
2.76 E-02 
3 . ~ 0  E-02 
3.51, E-02 
4.13 E-02 
4.96 E-02 
6.20 E-02 

1 .24  E-OL 

2.25 E-02 

8.26 E-02 

2 ,07  E-01 
1.55 E-01 

3.10 E-01. 
6,20 E-02 

0.00 
5.00 E-18  
6 .20 3-18 
2 - 0 0  E-17 
1 .06  E-1'7 
8-70 E-18 
7 .23 E-18 
5.66 E-18 
4.3'7 E-18 
3.32 e-18 
2.28 E-18 

9. h'( E-19 

2.54 E-19 

2.60 E-20 
1 .?4  E-20 
l t . - p  E-21 
1.35 E-21 
1 .69  E-22 

1 .52 E-18 

5.30 E-19 

9.90 E-20 

3.00 E-18 
9.bO E-18 
1 .02 E-17 
8.70 ~ - 1 8  
7.23 E-18 
Same as 
Absorpt ion 
B e l o w  550 
8. See 
Mote ( 6 )  

References:  

Experimental  (880 to 200 8 ) :  
Am, 54, 968 (1964) .  J.A.R. Samson and R.R Cai rns ,  J. Opt. SOC. h. 
I_ 55, z 3 5  (1965) .  

G.R .  Cook and P.3.  Metzger,  J .  Opt. Soc.  

Semienipirical  (below 60 8).  B.L. Kenke, ,J. App1.. 
~hys. I 28, 98 (1957). 

Accuracy: 

T o t a l  error  < + 8%. 

Notes : 

See i\Jotes (41 ,  ( 5 ) ,  ( 61 ,  ( 7 ) ,  and ( 8 )  a t  end of chap te r .  
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Photoionization of Mo1ec:ilar 2ydrogSen 5 

the R a t i o  of Di-ssociated to Undissociated Product Ions 
-t kv 3- H + H + H + e ( C r o s s  Sec t ion  0 ) 2 1 

-I- 
.+ rj +- D + e (Cross Section O ) 3 hv + D2 

685 1.~81 E-02 

1.91 E-02 650 
600 2.04 E-02 

500 
450 

(‘ihreshol-d) 
l . , ‘ ( O  E-02 6.50 E-03 
2.04 9-02 7.80 E-03 

2.48 E-02 2.08 E-02 8.14 E-03 
550 2,26 3-02 2.08 E-02 8.00 E-03 

2 “76 E-02 2 . 5 5  E:--02 1.43 E-02 

Reference : .... I 

Experimental:  R .  Byowfiing and J. Fryar ,  S. Pliys. B I 6, 364 (1973). 

nc curac y : -___...- 

Systematic e r r o r  < 4- .- 8%. Random e r r o r  I -t- 10%. 

Notes: -.-- 

See Note ( 9 )  a t  end ol” chapte-r. 



.... 
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0.025 0.030 0.020 
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0.04 

v, 0.0 0 

0.01 

0 
700 
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Photoabsorpt ion and Pho to ion iza t ion  i n  Hel ium 

hv -b- He 

Cross Sec t ion  
( e12 1 

A b  s o r p t  i on I o n i  z a t  i o n  

$04.2.6 
(Threshold ) 
500 
45 0 
400 
350 
300 
250 
200 
150 
100 
80 
60 
50 
IC0 
30 
20 

2.46 E-02 

2.48 E-02 
2,76 E-02 

3.54 E-02 
3.10 E-02 

)-I .13 E-02 
4.96 E-02 

8.26 E-02 
1.24 E-01 
1.55 E-01 

2.48 E-01 
3.10 E-01 
4.13 E-01 
6.20 E-01 

6.20 E-02 

2.07 E-01 

'-7.36 E-18 Same as 

'T.20 E-18 See Note (I). 
Absorption. 

6.20 E-18 
5.00 E-18 
3.84 E-18 
2.85 E-18 
1.98 e-18 

6.20 E-19 
2,oo E-19 
1..10 E-19 
5.21 E-20 

8.56 E-21 
2.61 E-21 

1..25 E-18 

3.25 E-20 
l.86 E-20 

References : 

Experimental:  J.A.R. Samson, Advances i n  Atomic and Molecular Physics  2, 
17'7 (1-966) [publ .  Academic Press N . Y . ,  E d .  D.R. Bates and I.  Estermann]. 
W.S. Watson, J.  Phys. B - 5, 2292 (1.972). 

Accuracy: 

SysLeraatic e r ror  < _I i- 5%. 

-____I- 

Rand-om e r r o r  < - +- 3%. 

Notes : 

See Notes (1) , ( 3 ) ,  ( l b ) ,  (lr), and (16) a t  end of chapter  

-- 
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3+ Photoionization and Photoabsorption in Atomic C and C 

hv +- C ,  C3-I 

C 

19 O 
1.80 
140 
12 5 
10 0 
80 
60 
50 
40 
20 
10 

5.26 E-03 
5.55 E-02 
8.85 E-O? 
1.00 E-07 
1.24 E-01 
1.55 E-01 
2.07 E-01 
2 ~ 48 E:--OJ 
3.10 E-03.. 
6,20 E-01 
1,24 E 00 

5.28 E-19 
3.28 E-19 

1.03 E-19 

8.06 E-19 

1.98 E-19 

6.86 E-20 

1..56 E-20 
2.35 E-20 

3.22 E-18 

2 - 0 5  E-18 

1.15 E-18 
7.54 E-19 
4.11 E-19 
2.75 E-19 
1.60 E-19 

3.00 E-18 

1.70 E-18 

References : 

hv + C ;  T h e o r e t i c a l  - T. I,, John and I). J .  Morgan, Phys. Let ts .  
(1973). 

45A, J.35 

hv + (23'; Semieinpirical -" ih. S .  Viegele,  Atomic Data ' T a b l e s  - 5 ,  51. (19'73). 

Accuracy : 

hv + C - 'Total error < 2 5% 

hv + C3' - Unknown 

Notes i _-._- 

For photoabsoqt ior i  o f  C see notes  1 and 17 a t  end of chapter .  
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Photoahsorption anfi Photoionizat ion of  

Atomic Molybdenum, Tungsten and Gold 

Photon Photon Cross Sect ion 
Wavelength Energy ( cm;! ) 

(8) (kev)  MO W A u  
....l__l ... ... 

12 5 
100 

90 
80 
70 
60 
50 
40 
30 
20 
15 
LO 

1.00 .fi:-o1 
1.24 5-01. 
1.38 E-01 

1 .77  E-01 
2.07 E-01 

1.55 E-01 

2,48 E-01 
3.10 E-01 
4.13 E-01. 
6.20 E-01 
8.26 E-01 
1.,24 E 00 

'T.98 E-13 
8.23 E-19 
8.23 E-19 
8.10 E-19 
'1.70 E-19 
6.87 E-19 
2.00 E-18 

3.94 E-18 
2.16 E-19 
1,20 E-18 

4.52 e--18 

4.70 E-19 

3.56 e-18 
4.87 E-18 
5.31 E-18 
5.67 E-18 
5.90 e-18 
5.97 E-18 
5 .  ii E-18 
5.1.6 E-18 
3.91 E-18 
3.77 E-18 
za4 [3  E-18 
1 . p  E-18 

2.0'1 E-18 
1.61 E-1-8 
1.66 E-18 
1.80 E-18 
2.25 5-18 
3.90 E-18 
11. .gi E-18 
5.21. E-18 
4.80 E-18 
3.41 5-18 

1.07 E-18 
2.30 E-1-8 

Reference : 

Semiempirical: Wm, J .  Viegele,  ,4 tOnf iC D a t a  Tables 2, 51 (1973).  

Accurscv : 

T o t a l  e r r o r  < -t- 5% 

Notes : 

See Notes ( I )  and ( 3 )  a t  end of  chapkl-. 
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Notes 

(1.) For atomic t a r g e t s  such  as this,  t h e  photoabsorp-tion c r o s s  
s e c t i o n  a t  waveleng-tlis below t h e  i o n i z a t i o n  l i m i t  (indica-Led. 
by t h e  word " threshold"  i n  the  t a b l e )  i s  c o n f i d e n t l y  expected t o  
be  equa l  t o  t h e  pho to ion iza t ion  c r o s s  s e c t i o n .  [See J . A . R .  A.mson, 
"Advances i n  Atomic and Molecular Physics ,"  Academic P r e s s ,  N . Y .  
Eds. D.R .  B a t e s  and I . M .  Estermann - 2 ,  177 (1966)] .  W e  show he re  
only  tile c r o s s  s e c t i o n  (absorp t ior i  or i o n i z a t i o n )  a c t u a l l y  measured 
o r  ca l -eu la ted ;  t h e  o t h e r  c r o s s  s e c t i o n  ( i o n i z a t i o n  o r  abso rp t ion  
r e s p e c t i v e l y )  i s  expected t o  be t h e  same. 
occur  a t  d i s c r e t e  s t r u c t u r e  i n  t h e  abso rp t ion  curve;  such 
s t r u c t u r e  i s  however of on ly  a few 2 width and i t s  in f luence  i s  
irrelevant when abso rp t ion  of  broad r a d i a t i o n  con t inua  i s  be ing  
cons idered .  

Except ions t o  t h i s  may 

The g e n e r a l  e q u a l i t y  of i o n i z a t i o n  and a t t e n u a t i o n  cross s e c t i o n s  
breaks  down a t  ve ry  h igh  photon ene rg ie s  (E  > 1 key) because 
apprec i ab le  a t t e n u a t i o n  occurs  through s c a t t e r i n g .  Ve have 
t e rmina ted  our t a b u l a t i o n  a t  1 0  8 and s c a t t e r i n g  i s  i n s i g n i f i c a n t  
for  t h e  s i t u a t i o n s  w e  cover.  For t a b u l a t i o n s  of s e p a r a t e  c ros s  
s e c t i o n s  fo r  i o n i z a t i o n  and a .bsorpt ion a t  photon ene rg ie s  from 
100 eV t o  1 MeV see  Wm. 5. Veige le ,  Atomic Data I, 51 (1973). 

( 2 )  Although t h e s e  d a t a  are t h e o r e t i c a l ,  it i s  expected- t h a t  t h e f r  
accuracy w i l l  be very  h igh ,  They have been coil%j.rmed by 
experiment a t  a s i n g l e  wavelength. For details see r e fe rence  c i t e d .  

( 3 )  For informat ion  on C ~ G S S  s e c t i o n s  a t  higher photon e n e r g i e s ,  s e e  
t h e  ex tens ive  t a b u l a r  d a t a  oi" Vm. J. Viegele, Atomic Data - 5,  5 1  
(1973 1. 

( I + )  The cross s e c t i o n s  for abso rp t ion  and i o n i z a t i o n  i n  D:! have been 
given by G.R. Cook and P.R. Metzger, J. Opt. Soc. h n .  54,  968 
(1964). 
wavelength s h i f t  of t h e  abso rp t ion  b m d s  accord ing  t o  t h e  f so tope  
r u l e .  

They a r e  almost i d e n t i c a l  t o  t h o s e  f o r  1-12 e x c z t  f o r  a 

( 5 )  It should  be noted  t h a t  t h e  s t ruc tu r fa  i n  t h e s e  CPOSS s e c t i o n s  i s  
t o o  f i n e  t o  be  reproduced adequate ly  i n  a t a b l e  of any reasonable  
l e n g t h .  I n  the  r eg ion  of s t r u c t u r e ,  t h e  d a t a  we  t a b u l a t e  here 
r e p r e s e n t  a smooth l i n e  t h a t  r e p r e s e n t s  roughly t h e  behavior  of 
t h e  average s t r u c t u r e .  I n  any a p p l i c a t i o n  where t h e  s t r u c t u r e  i s  
of importance t h e  r eade r  must r e f e r  t o  the o r i g i n a l  paper  of 
G.R. Cook and P.H. Metzger t h a t  i s  c i t e d .  For a ve ry  f i n e  
r e s o l u t i o n  s tudy  of  t h e s e  s t r u c t u r e  with d e t a i l e d  i d e n t i f i c a t i o n  
of t h e  t r a n s i t i o n s  P r o m  which they arise, see W.A. Chupka and 
J. Berkowitz,  J. Chem, Phys. - 51,  4244 (1969).  
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( 6 )  Fol- wavplengths below 650 8 t h e  ion iaa t i t l n  a n d  absorp t ion  CYOSS 
s e c t i o n s  become equal .  
no  d i r e c t  measurments  o f  t h e  j o n i z a t i o n  CL-oss s e c t i o n ,  bu t  i t  
seem? reasonable  t o  t a k e  ii as being equal  t o  Lhe measiirrd 
absorp t ion  c ros s  s c c i i o n ,  

A t  wavelengths below 550 8 t h e r e  have been 

( 7 )  'The c ross  s e c t i o n s  siiown here  are f o r  t h e  foi-mation of  both a t o n i c  
and molecular i o n s .  Data oti t h e  fol_lowing graph shows t h a t ,  f o r  
wavelengths between 600 and 400 8, a t  lessi; 96% of the i.oa:; aye 
und i s soc ia t ed  ( i . e .  Hz' o r  Dz". i o n s ) .  

A t  wavelengths below 680 8 t h e  photoabsorpt ion g ives  r i s e  en-Lire1.y 
'io ion formati.on; above 680 8 much of t h e  absorp t ion  i.s t;o e x c i t e d  
molecular s ta tes  and t o  d . i s soc ia t ion  of t h e  n e u t r a l  mo1ecul.e i n t o  
two n e u t r a l  atoms. A n  exterisive LabulaLion of t h e o ~ e t i c a , l -  cross 
s e c t i o n s  f o r  pho iod i s soc ia t ion  i n t o  two n e u t r a l  atoms i s  given i n  
t h e  work of A.C. Al l i son  and A.  Dalgarno, Atomic Data Tables 1, 
91 (1.969); t h e r e  nr-e no experimental  s t u d i e s  of t h i s  c ros s  s e c t i o n ,  

(8) 

- 

( 9 )  'These d a t a  a r e  Ci-OSS s e c t i o n  r a t i o s  as i n d i c a t e d .  A t  wavelengths 
above 682 it i s  no-i; e n e r g e t i c a l l y  p o s s i b l e  bo causo d i s s o c i a t i v e  
photoioni izat ion.  Combining these d a t a  w i t h  'Lhe measiired p cross 

s e c t i o n s  f o r  i on  formation (shown on t h e  preceding graph)  one 
could genera te  s e p a r a t e  cross s e c t i o n s  f o r  formati.on 01" t h e  atomic 
and molecular- i ons .  

(10) It i s  imp0rtan.t t o  iiote t h a t  t h i s  c ross  s e c t i o n  i s  great1.y dependent 
on the v i b r a t i o n a l  sta-te of t h e  mo1eci.ila.r ion. The d a t a  p re sen ted  
he re  are f o r  a p a r t i c u l a r  d i s t r i b u t i o n  among v i b r a t i o n a l  levels 
of t h e  e l e c t r o n i c  ground s t a t e ;  t h i s  d i s t r i b u t i o n  g i l l  be 
appropr i a t e  t o  a low p res su re  source us ing  a n  e l e c t r o n  beam of  
energy t h a t  i s  high compared wi th  th re sho ld  ene rg ie s  f o r  t h e  va r ious  
e x c i t e d  s t a t e s .  For H2'" ( o r  D2') ions  produced by- any o the r  
means t h e  c ros s  s e c t i o n s  may be s1ubst:mtia-1l.y d i f f e r e n t  i ~ o m  those  
given here .  There a r e  no experimental  measwements f o r  d i s s o c i a t i o n  
from a s i n g l e ,  known, v i b r a t i o n a l  s t a t e  al-t,hou#h such measurements 
a r e  now p o s s i b l e .  [N.P.F.B. Van Asselt, J . G .  Maas, and  J. TJos, 
Chem. i'hys L e t t s .  -' Z h  555 (19'74) 1 .  

Theore t i -ca l  ross s e c t i o n s  are a v a i l a b l e  and are d iscussed  i n  
t h e  fo l lowing  -i,a.bI.e" 
f o r  any known i n i t i a l  d i s t y i b u t i o n  among v i b r a t i o n a l  s ta tes  

The experimental  data extend only down t o  2500 8. 
completely c o n s i s t e n t  wi th  a t h e o r e t i c a l  cal.cuJ.ation gj.ven in t h e  
r e fe rence  c i t e d ,  and we have used t h a t  c a l c u l a t i o n  t o  extend t h e  
d a t a  t o  lower waveleagths.  

W i t h  t h e s e  one can genera te  a cross s e c t i o n  

(11) They are however 

(12) It seems l i k e l y  thai  photoabsorp t ion  c ros s  s e c t i o n s  Mill be the 
same a:, t h e  pho tod i s soc ia t ion  c r o s s  s e c t i o n s  given h e r e ;  t he re  i s ,  
however, no proof of this. 
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(1.3) The c r o s s  s e c t i o n s  given h e r e  are for  t h e  first t h r e e  v ib ra t iona l .  
s ta tes .  Dunn has desc r ibed  t h e  cs lcu l -a t ion  i n  Phys. Rev. 172 
1 (1968), but  p r e s e n t s  t h e r e  only  r e p r e s e n t a t i v e  d a t a .  
unpubl ished r e p o r t  c i t e d  con ta ins  c a l c u l a t e d  c r o s s  s e c t i o n s  f o r  
a l l  of t h e  19 v ib ra t iouu l .  s tates of RzC and t h e  27 v i b r a t i o n a l  
states of DZ ; t h e  complete t a b u l a t i o n  i s  fa r  t o o  ex tens ive  t o  
reproduce here. 

-a 
The 

(14) Absorpt ion w i l l  occur a t  d i s c r e t e  wavelengths above the i o n i z a t i o n  
t h r e s h o l d  t h a t  correspond t o  e x c i t a t i o n  of e x c i t e d  states of t h e  
t a r g e t  atom. This  r e p r e s e n t s  pho toexc i t a t ion .  There appear t o  
be no measurements of c ross  s e c t i o n s  f o r  such processes  i n  t h i s  
case.  

( 1 5 )  O i s c r e t e  s t r u c t u r e  i n  t h e  hotoabsorp t ion  curve has  been observed 
a t  wavelengths around 206 1 [I<. Madden, K, Codling, Astrophys.  J. 
141 ,  36b (1965)]. The s t r u c t u r e  i s ,  however, of t h e  o rde r  an 
h g s t r o m  i n  width and we have omi t ted  it from t h e  table an? 
graph. The s t r i - ic ture  arises by two e l e c t r o n  e x c i t a t i o n  t o  aa 
a x t o i o n i  zing s t a t e  

~ 

(16) I n  a d d i t i o n  t o  t h e  c r o s s  s e c t i o n  f o r  pho to ion iza t ion ,  there i s  
a l s o  informat ion  on t h e  cross s e c t i o n  for removal of  one electson 
and e x c i t a t i o n  o:f t h e  other. For d e t a i l s  see t h e  e.xperiment of 
14.0. Krause and F. Wrlillewaier, J. Phys. B. 5 ,  Ll43 (1972);  and 
the t h e o r e t i c a l  work of K.L. S e l l ,  A.E. Kingqton, and. I . R .  Taylor ,  
J .  Phys. B 6 ,  1228 (1973). 

I n  a d d i t i o n  t o  t h e  data shown h e r e ,  t h e r e  are some p r e d i c t i o n s  and 
measurements of abso rp t ion  and i o n i z a t i o n  cross s e c t i o n s ,  c lose  
t o  t h e  ionizat i -on tk re sho ld  of 11.3 eV. The p r e d i c t i o n s  show 
cons ide rab le  d i f f e r e n c e s  and do not. ag ree  wi th  t h e  s i n g l e  exper imenta l  
measurement too w e l l ;  noreover t h e  ex-periment i s  based on shock 
t u b e  d a t a  and may not  be reliable. For f u r t h e r  d e t a i l s  t h e  reader 
i s  r e f e r r e d  t o  the fo l lowing  r e fe rences .  W. Holfrnann a n d  G.L. 
Weissler, J. Opt, Soc. Am. - 61, 223 (1971); D.R. S a t e s  and M.J. 
Seaton, Mon. Notes.  Roy. Astron.  Soc .  109, 698 (1949); F. P r a d e r i e ,  
Ann. D'Astrophys, I 2 7 ,  129 (1964). 

- 
(17)  

- 







u.2.2 

I- 4 Photsdissociat; ion of E12 and TI2 

Energy 
(keV) 

-._-_ -.--_ -.-I - -. -.I .- 
Photon Phot on Cross Sect ions 

'wave l e n g t h  
(8)  I cm2 -t 

D2 

1.. 5 E 04 
1 . 4  F: 04 
1 . 3  E 04 
1 . 2  E 04 
1.1. E 04 
1.0 E 04 
9.0 E 0 3  
8.0 E 03 
7.0  E 03 
6.0 E 03 

4.0 E 03 
3.0 E 03  
2 . 0  E 0 3  
1 . 5  E 03 
1.0 E 03 
9.0 E 02 
8.0 E 02 
7.0  F 02 
6.0 E 02 
5.0 E 02 

5.0 E 03 

8.26 E-04 

9.54 E-04 

1-13  E-03 
1.24  E-03 
1.38 E-03 

8.85 E-04 

1..03 E-03 

1.55 E-03 
l .77  E-03 
2 - 0 7  E-03 
2.48 E-03 

4.13 E-03 
6.20 E-03 
8.27 E-03 
l.24 E-02 
1.38 E-02 
1.55 x-02 
1.77 E-02 
2.07 E-02 
2.48 E-02 

3.10 E-03 

2.00 E-1.9 
2.18 E-19 
2.35 E-19 
2.60 E-19 
2.88  E-19 
3.15 E-19 
3.75 e-19 
4.30 E-19 
5.25 E-19 
6.60 E-19 
9.00 E-19 
1.08  E-18 
2.00 E-18 
2.95 E-18 
2.80 ~ - 1 8  
1.82 E-18 
1 .80  E-18 
1.60 E-18 
6.00 E-19 
6.00 E-20 
0.00 E-20 

1.15 ~-19 
1.26 E-19 
1.40 E-19 
1-57 E-19 
1.80 E-lg 
2.12 E-19 
2.54 E- lg  
3.16 E-19 
4.09 E-19 

8.00 E-19 
1.25 E-18 
2,lO E-18 
3.25 E-18 
2 . 7 1  E-18 

1.60 E-18 
1.68 E-18 

5.53 E-19 

1.63 E-18 

9.00 E-19 
1.10 E-1.9 
0.00 E-19 

References:  

hu -t= H2 , 1)2 : 

---I. 

t f F. Von Rusch and G .  H. Dunn, Phys. Rev. A 5 ,  1726 (1972) .  

Accuracy : 
-__.-.I__ 

Systematic e r ro r  < 2 5% 
Random error  < 2 10% 

Notes : 

See Notes (lo), (11) arid (12) a-t end of s e c t i o n .  
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9- 
P h o t o d i s s o c i a t i o n  of H from Se lec t ed  Vibra t iona l  States ( T h e o r e t i c a l )  

2 
+ 4- i- hv -t X 2  (Is0 , v = 0 ,  1, 2 )  --)- H2 ( 2 ~ 0 ~ )  + 11 .t. K 

R 

Photon Phot oil Cross See- t ion 
Wavelength Energy ( cm" ) (8)  (keV) v = o  v = l  v = 2  

4000 
3000 
2000 
1500 
1000 

goo 
800 
700 
600 
500 

3.10 E-03 
4.13 E-03 
6.20 E-03 
8.27 E-03 
1,24 E-02 
1.38 3-02 
1,>5 E-02 
1-77 E-02 
2,07 E---C2 
2,1~8 E-02 

2 I 390 E->[I 
1.807 E;-18 
6.058 :-18 
3.078 E-18 

1.069 d-19 

1 , 0 2 0  E-?3 

8.977 g-19 

3.440 E-21. 

1.L16 E-22 
1.059 F:-18 
7.866 z-18 
2.313 G.18 
3.910 E-18 
2,072 ~-18 
3.821; E-19 
1.657 E-70 
5 ,661  E-23 

2.801 E-211- 
2.504 E-20 
7.3814 E-18 
2.677 z-19 
1.21-18 E-19 
2.256 E-18 
2.61.6 13-18 
?( .538 3-19 

1.806 ?;--?2 
14.367 E-20 

Reference: 

Theoretical: 
Report Xo. 929 (1968) (unpublished). 

G.H. Ounn, Phys. Rev. 1'72, ..- 1 ( 1 6 8 ) ;  G . E .  Dunn, J I L A  

Accuracy : -.- 

EssenLia l ly  exact .  

Notes : 

See Notes ( 1 2 )  and (13) at end of chapter. 
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8.2.6 

......... ...... .................. ......................... - . -. . -. -. ............... ...._I. ... .................. -~ ~ 

.- ~. 

Photon Photon Cross Sect ion  
Wave l e n g t h  Energy ( em2 1 

(kzV) v = o  v-.] V z: 2 
._. .-. . .- ~ - (2) 

- 

3500 
3000 
2000 
1.500 
1000 

90 0 
800 
700 
600 
500 

3.51-1 E-03 
1.1.13 E-03 
6.20 E-03 
8 .27 E-03 
1.2h E-02 
1 .38  ~ 4 2  
1 . 5 5  E-02 
1. '1'7 E-02 
2 .07 E-02 
2.48 E:-02 

1.326 E-21  
8.599 E-1-9 
7.134 E-I 8 

6.164 2-19 
3.053 %18 

3.117 E-20 
3.744 E-32 
3.107 E-25 

5.287 13-26 
I. 057 E.-:I.~ 
7.007 E-18 
3.484 3-1.8 
14, 666 E - - l 8  
1.849 11:-18 
1.. 640 E-19 
2.325 E-21- 
J..983 E-214 

1. ho PI-26 
2 ,418  E-23 
1 .gkO E-18 
5.284 E-18 
2.917 li: --FYI 

4,167 E-19 
7.92s x.21 

3.082 E-18 
2.829 E.-18 

4.-(68 E-21: 

Reference: - ........... 1.1__ 

T h e o r e t i c a l :  
I n s t i t u t e  f o r  Laboratory Astrophysics  Report No. 92, (1968) ( impubl i shcd)  . G.H. Dunn, Phys. licv. I_ 172, 1 (1968) ;  G.5- Dunn, J o i n t  

.._I Accu-racy : 

- r : ss t?n t ia l ly  exact.  

Notes: 

See Notes (12)  and (13) a t  end of chap te r .  
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B.3.2 

Cross Sections f o r  Photod2tnchment of a3n Electron 

from HI' and. C- 

Energy 
(ev)  

Cross Sec t ions  
( cm2 

H- C- 

5.0 E 02 
6.0 E 02 
8.0 E 02 
9.0 E 02 
9.'T E 02 
1.0 E 0 3  
1 .5  E 03 
2.0 E: 03 
3.0 E 03 
4.0 E 03  
6.0 E 03 
8.0 E 03 
1 .0  E 04 
1.2 E 04 
1.4 E 04 
1 . 6  E 04 

2.48 E 01 
2.07 E 0 1  
1.55 E 0 1  
1.353 E 01 
1.28 E 01 
1.214 E 01 
8.2'7 E 00 
6.20 E 00 
4.13 E 00 
3.10 E 00 
2.07 E 00 
1.55 E 00 
1 ,2h  E 00 
1.03 E 00 
8.56 E-01 
7.75 E-01 

8.1 E-19 
1.2 E-18 
3.9 E-18 
5.3 E-18 
2.7  ~-17 
2.2 E-17 
6.9 E-18 
9.9 E-18 
1.6 E-17 
2.2 E-1'7 
3.4 E-17 
4 . 1  E-17 

2.5 E-17 
1.1 E-17 
5.9 E-19 

3.7 E-17 

1.3 E-17 
1 . 4  E-17 

2.9 E-19 
I .I+ E-17 

Neferences : 

hv + H-: 
J. Smith and D. S. Burch, Phys. Rey. I_ 116, 1125 ( 1 9 5 9 ) ; a .  Feldman, Z. 
Raturforsch,25-a,  _I_ 621 (1970); J. Maeek, Proc.  Phys. Soc. 92, 365 (1967); 
T,. M. Branscomb,"Physics of t h e  One- m d  Two-Electron A t o s ' ,  pp.669-699, 
North-Holland Pub l i sh ing  Co. (Amsterdam) 1969) .  

L. M. Branscornti and S. J. Smith, Phys. Rev. 98, 1028 (1955) ;  S .  

h v  + C-: 
Feldman, Z. Naturforsch.25-a, - 621 (1970) .  

M. L. Seman and L. M. Branscarnb , Phys . Rev. - 125,  1602 (1962) ; D. 

Accuracy : 

The t o t a l  e r r o r  i s  be l i eved  n o t  t o  exceed t 10%. 
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B . 3 . 4  

Cross Sec t tons  ~ 0 ,  f o r  Photodetachment of  an Z l e c t r o n  

- - 
from t h e  0- and O2 1-ons 

4 . 2  F 03 
4 . 4  E 03 
4.8 E 03 
5 . 9  E 03 
5.6 i.: 03 
6.0 E 03 
6 .4  r: 03 
6 .8  E 03 
7.2 E 0 3  
8.0  E 03 
8.b E: 03 
8 .6  03 
9.0  E 03 
1.0 E 04 
1.2 E 011 
1 . 6  E 04 
2 .0  F, oh 

2.95 E 00 
2*82 x 00 
2.58 E 00 
2.38  E 00 
2*21 E 00 
2,07 E 00 
1.94 E 00 
1.82  E 00 
l . c (2  E 00 
1 . 5 5  r: 00 
1 .48  Z 00 
1 - M I  E 00 
1.38 F: 00 
1.214 E: 00 
1.03 E 00 
'(.75 E 01 
6.20 E 01 

2,4 E-18 

2,o 2-18 

1.5 e.-18 
1-3 E-18 
1-1 ~-18 
1.0 2-18 
9.0 E-19 
7.3 e--1.9 
6 . 4  R-19 
6 . o F:--I.~ 
5.6 ~-19 
4.3 E-19 

1 . 1 - t  E-19 
4.3 E-20 

2 , 3  E-18 

1.7 E-1~8 

2.7 E-19 

6.4 E-18  
6 . b  e-18 
6 . 4  3-18 
6.4  E-18 
6. )I E-18 
6.3 E-18 
6 . 1  2-18 
5.8 3:-18 
5 . 3  E-18 
3.6 E-18 
1 . 3  E-18 
1.11 R-19 

References : 

0 : 
Branscomb, D,S.  Burch, S . J .  Smith,  and S .  Geltman, Phys. Rev. - 111, 
504 (1958) .  

---.I__ 

- 
L.M. Branscomb and S.J. Smith,  Phy-s. Rev. 98, _Î  1127 (1955) ;  L.M. 

I 

0 2  : D.S. Bixeh, S . J .  Smith, and L.M. Branscomb, Pbys. Rev. - 112, 171 
(1958) ;  Phys. Rev. - 11.4, 1652 (1959) .  

Accuracy : 

0 : 

-.-1..1__ 

- 
The t o t a l  error i s  believed n o t  to  exceed f ._- 10%. 

- 
O2 : 'rhe t o t a l  error  i s  be l i eved  n o t  t o  exceed ._- + 15%. 
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