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ABSTRACT 

A graphical  compilation is  presented of atomic and molecular 

cross  sect ions  of i n t e r e s t  t o  control led  thermonuclear research.  

The cross sect ions  a r e  shown, a s  a function of energy, f o r  col-  

l i s i o n  processes involving molecular ion dissocia t ion,  charge ex- 

change, exci ta t ion,  ionizat ion,  photoionization, sca t t e r ing ,  energy 

loss ,  and recombination. Per t inent  nuclear cross  sect ions  a r e  a l s o  

included. A bibliography i s  given covering t h e  l i t e r a t u r e  since 

1950. 



This repor t  i s  a compilation of cross  sect ions  avai lable  i n  t h e  l i t e r a t u r e  

s ince  1950. The work was undertaken some th ree  years ago a s  a guide f o r  in -  

v e s t i g a t o r s  i n  t h e  thermonuclear f i e l d  a t  Oak Ridge National Laboratory. The 

comprehensive surveys of Massey and ~ u r h o ~ l  and Allison and warshaw' summarize 

t h e  data  p r i o r  t o  1950. This compilation i s  p r inc ipa l ly  l imi ted t o  atomic 

c o l l i s i o n  processes t h a t  may be encountered i n  t h e  attempts t o  develop a high 

density,  high temperature plasma. In  addi t ion t o  presenting t h e  cross  

sec t ions  i n  graphical  form, we have compiled a bibliography i n  each sect ion.  

References appearing during 1960 a re  included i n  Appendix A. The bibliography 

reference numbers follow t h e  t i t l e  and t h e  au thor ' s  name on each graph. 

I n  t h e  o r i g i n a l  papers, t h e  cross sect ions  a r e  s t a t e d  i n  a v a r i e t y  of 

u n i t s  (n do2, c o l l i s i o n  probabi l i ty ,  e t c .  ) . I n  t h i s  summary a l l  cross  sect ions  

a r e  reduced t o  t h e  common u n i t  of ~ r n ~ / ( ~ a s  atom) t o  provide a convenient means 

of comparing the  r e s u l t s  of various inves t iga to rs .  I n  addit ion,  t h e  cross  

sec t ions  a r e  p lo t t ed  a s  a function of both p a r t i c l e  ve loc i ty  and p a r t i c l e  

energy. 

The nota t ion used is t h a t  i n  current  use. The cross sect ion a re-  
i f  

p resen t s  t h e  cross  sec t ion  of an energet ic  p a r t i c l e  of i n i t i a l  charge s t a t e  i - 
and f i n a l  charge s t a t e  f .  More kecently ~ a s t e d '  has used the  notation a i f  mn 
where i , f  represents  t h e  i n i t i a l  and f i n a l  charge s t a t e  of t h e  incoming 

p a r t i c l e  and m,n represents  t h e  i n i t i a l  and f i n a l  charge s t a t e  of t h e  targel; 

atom. 

I n  many measurements (notable i n  charge exchange) t h e  data of many in -  

v e s t i g a t o r s  .are cons i s ten t  wi thin  a few per  cent;  however, f o r  convenience 

and t o  avoid duplication,  only a representa t ive  sample i s  reproduced. 

H. S. W. Massey and E. H. S. Burhop, Elect ronic  and Ionic Impact Phenomera, 
Oxford, Clarendon Press, (1952). 

L 
S. K. All ison and S. D. Warshaw, Passage of Heavy P a r t i c l e s  through Matter, 
Revs. Modern Phys. 25 : 779 (1953). 

J. B. Hasted, T. J. Scot t ,  and A. Y .  J. Chong, Charge Transfer of Multiply 
Proc. 4 th  I n t .  Conf. on Ionizat ion Phenomena Vol. I, p. 34 
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Table 1. Energy, Velocity, and Momentum f o r  H Ions 

Energy 

(kev 

Velocity H P 

(cm/sec ) ( ~ a u s  s - cm) 

Energy Velocity H P 

(kev (cm/sec) (~auss-cm) 

10.37 

10.53 

10.71 

l o .  89 

11.08 

11.23 

11.40 
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Energy Velocity H P Energy ' ' ' Velocity H P 

(key) (cm/sec ) (~auss-cm) (cm/sec) ( ~ a u s  s - cm) 

o o o 540 7 . 1 8 x m 8  1 4 . 8 9 ~ 1 0 ~  

10 0 . 9 8 0 ~ 1 0 ~  2 . 0 3 2 ~ 1 0 ~  560 7.32 15.18 
20 1.380 2.862 580 7.44 15 43 

30 1.693 3 511 600 7 57 15 70 
40 1 . 953 4.051 620 7.69 15.95 
50 2.183 4:528 640 7.82 16.22 
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Energy Velocity H P Energy Velocity H P 

(kev (cm/sec) (~auss-cm) (kev) (cm/sec) (~auss-cm) 



'Table 4. Energy, Velocity, and Momentum f o r  ~ e +  Ions 

Energy Velocity H P Energy Velocity H P 

(kev) (cm/sec) (~auss-cm) ( ke v. ) (cr u/sec) (FUSS-cru) 
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Table 5. Energy, Velocity, and Momentum f o r  Electrons 

Energy Velocity 

(ev) (cm/sec) 

Energy 

(ev) 

Velocity H P 

(cm/sec) (~auss-cm) 
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Energy Velocity H P Energy Velocity H P 

(ev) (cm/sec ) (~auss-cm) (ev) (cm/sec ) (~auss-cm) 

700 

720 

740 
760 
780 
800 

820 

840 

860 

880 

goo 

920 

940 

960 

980 

1000 

1020 

1040 

1060 

1080 

1100 

1120 

1140 

1160 

1180 
1200 

1220 

1240 

1260 

1280 
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Table 5. Energy, Velocity, and Momentum fo r  Electrons 

- -  

Energy Velocity H P Energy Velocity H P 

171.8 

173.3 

174 9 
176.6 

178.3 

179 7 
181.1 

183.1 

184.3 

185.9 

187.3 
188.7 

1%. 1 

191.8 

193 2 

194.6 

196.0 

197.4 
198.8 

zoo. 3 

201.7 

203.1 

204.5 

205.9 
207.0 

208.3 

209 5 
210.9 

212.3 

213 -7 
214.9 



Table 5. Energy, Velocity, and Momentum for Electrons 

Energy Velocity I3 P Energy Velocity H P 

(ev) (cm/sec ) (Gauss-cm) (e.1 (cm/sec) (~auss -cm) 
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Table 5. Energy, Velocity, and Momentum fo r  Electrons 

Energy Velocity H P Energy Velocity H P 

( e ~ )  (cm/sec ) (Gauss-cm) (ev) (cm/sec ) (Gauss -em) 
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