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ABSTRACT 

A graphj.cal. corr~pLl.ation i s presented of atomic and molecular 

cross sec t ions  of interest t o  con t ro l l ed  thermonuclear research .  

The presen t  compilati.on i s  a revi~sion of OF@&-31.13, pub1 i s h e d  in 

1760. The cross s e c t i o n s  a r e  sho-wn, as a funct;i.on of e n e r a ,  f o r  

c 01-1 i s ion  pro ce s s e s i-nvolving mo1.e cii lar ion  d i  s s ocia  t li on, charge 

e x change , e xc i ta t i  on , i on -i z at i on, phot oi. oni  z a-i; 1? on, s c a t  t e r i n g  , 
energy l o s s ,  secondary products , arid i’ecombinati.on. Per t inen t  

nuc lear  c ross  sec t ions  a r e  al.so included. A bribliography i s  given 

covering t h e  l i t e r a t u r e  s ince  1950. 
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This r e p o r t  i s  a r ev i s ion  of a previous compilation of atomic and 

mol ecu la r  cross sec-Lions availabl e i n  t he  1 it ,era'iure s incc  1950. T'ne 

work was undertaken as a guide f o r  iaves-Ligators i~n the  tlnemionuclear 

f i e l d  a t  Oak Ridge Nat ional  Laboratoly . 'The emprehensive surveys o f  

Massey an(?. Burhop' a n d  All-ison and Warshaw2 s.ummarize -the d a t a  pri.or t o  

1950. This conpi la t ion  i s  p r i n c i p a l l y  l imi t ed  t o  atomic and mol ecul.ar 

col~lision processes t h a t  may be enciiimtzred in the at tempts  t o  develop 

a high dens i ty ,  high t?rnpei-at,ure plasma. In addi  Lion t o  present ing  !;he 

cross see-Lions i n  graphleal fo-m, we have coiiipiled a biblj ography i n  

each sec t ion .  

I n  t'ne o r i g i n a l  papers,  t he  cross sec t ions  are s t a i e d  i n  a v a r i e t y  

o f  u n i t s  ( ~ ~ 9 ,  coliision probab i l i t y ,  e t c . )  . 
reduced the cross  see-Lions t o  cm2/gas atom? however, experi-ments i n  ' h e  

past t'nree years have ind ica ted  t h a t  i.n t he  low eneiyy region a di-atomic 

mol  ecul~e cannot be regsrded as two separa te  atoms. Conseqxnt ly ,  al l-  

cross  s c c t i  ons a-re now reduced t o  cm2/moleeuj-e. 

sec t ions  a r e  pII o t t e d  as a function of both par'cicle -\ielocit,y and p a r t i c l e .  

Previously the compi i a t i o n  

Ii? add i t ion ,  t he  cross 

The notation used i s  t h a t  I n  cur ren t  use .  The cross  sec t ion  a 

represents  the cross  sect joi i  of an energe t fc  p a r t , i c l e  of in i ' i i a l  charge 

s t a t e  i and ti..nal charge s-ta,-te f .  

if 

i n  many measurements (notatab1.e in charge exchange) iiie d a t a  of 

mai?y inves t iga- tors  are conststen% vi thin a few pe r  cent; however, for- 

convenience and 'LO avoid d.upl~ication, only a rzp resen ta t j  ve sample i s  

repr.odu.cei3 I 

H. S. W .  Massey and E .  H .  S .  Burhop,  El~eccronic  and Ion ic  impacj; Phe- 
nomcna , Oxford, Clarend~on Press, ( I 952) . ......--_I_ 

S. K .  AI 1 i son  and S. D .  /:jarshad, Passage of Hezvy P a r t i  cl ~ ~ ~ . . ~ J - o I L @  -..._I_____ I 

Revs. Modcrn Phys. 25:  779 (1953).  
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'vJr igli t A i  î  D eve 1~ opment CenLe L' , Ae ronaut i  ea1 Re s E a 1- ch 
T,aborstory, Wright-Patterson AI%, Ohio 

Office of -the Chief of Research and Development, 
Army Research Off ice ,  Washington, D . C .  

Armed Serv ices  Technical Information Agency 

Brookhaven National Laboratory 

Cormi ssariat, a 1 'Energie Atomique, Paris 

Curtiss-Wright Corpoi-ation 

New York Ua-iversity 



302 

Russian Trans1 at? ons 

General Atomi cs  GA 

GA CD 

GCA-TR 

GM-AI) 

HE 

7A 

1SC 

J INR-P 

IA 

LMSD 

MIT-TR 

NASA -TN -D 

NASA - TR- R 

NEG 

NBS-c 

NP 

W-ti- 

NRL 

General Atomic Divi.sion of General Gynarnics Cory., 
C a i  i f o r n i z  

Geophysics Corporatioil  of America 
Bedford, Massachusetts 

General Atornj c s  Di vj s i o n  of General Dyriarnics Corp. , 
C a l i f o r n i a  

F lu id  Mechanics Taboratoiy or I n s t i t u t e  of Engineer- 
i ng  Research, Berkeley, C a l i f o m i a  

P’ranklin i n s t i t u t e  of Labora tor ies  for liesearch and 
Development, Ph i l ade lph ia  

Iowa Sta-Le College 

J o i n t  I n s t i t u i e  f o r  Nuclear licnearch, Dubna, USSR, 
Laboratoiy of Theoretical Physics  

Los Alamos S c i e n t i f i c  Laboratory 

Lockheed A i r c r a f t  Corporat ion 

Massachusetts I n s  t i t u t e  of Technol.ogy 

Nat ional  Aeronaut ics  and Space Adminis t ra t ion,  
Goddard Space F l i g h t  Center ,  Greenbel t ,  Maryland 

N a  ti onal R e  ronaut  i cs  and Space Adminis t ra t ion , 
Goddard Space F1igh”i Center ,  Green’wl t, Maryland 

N a t i  onal  Bureau of  Standards 

Nat ,  ionbl Bureau of Standards,  Boulder, Colo {-ado 

Technical Tnformation Se rv ice  Extension,  AEC 

Non-Projzct Trans1 a t i o n  

Naval Research J ,abora toq ,  Washington, D. C .  



303 

0 RNL 

OH0 

RADC-TN 

S CTM 

SET3 

UCRL 

WAD c -TN 

Wi s - M C  

ZPh 

New York Operations O f f i  ce, AEC 

Oak Ridgz N2L ional Laboratory 

Oak Ridge Opcratioiis Office, AEC 

Rome: Air Devel-opinent Center, Gyiffiss A.323, New York 

A-Lomene rgi korrmi s s i  one I-, i1emmr.k 

Sandia Corporat i  on 

1,ockheed. A i r c r a f t  Corporation, Missles and Space 
Divl.sion, Suririyvale, California 

Technical Informzition Service Extension, AEC 

University of CalLfornic. Radiation Laboratory 

Wright A i r  Deve 1 opment Center 
W r r i  ght-Patterson A m ,  Oizio 

University of Wisconsin, Naval Rcsearch Laborzitory- 

General Dynamics/Cor~~air, San Diego, Cal.i.fornia 









305 

APPENDIX B. ENERGY, VELOCITY, ANE MOMENTUM TABLES FOR ELECTRONS, 

4- 4- 
PROTONS, Hz , H-j , AND HELIUM I O N S  

Paw 

Ta.bl~e 7. .  Energy, Vel~ocity, and Momentum for 11 Ions . . . . . . . . . . 306 

0 

f 

4- 
Table 2. Energy, Velocity, and Momeritum for H2 Ions . . . . . . . . . 307 

i- 
Table 3. Energy, Vel.ocri-t;y, and Momentiun for B3 Ions . . . . . . . . . 308 

T a b l e  4 .  Energy, Velocity, and. Momentim for I-Ie loiis . . . . . . . . . 309 
f 

Table 5. Energy, Vel-ociky, and Moiiientum f ' o ~  Electrons . . . . . . . . 3 LO 



306 

4- 
Table 1. Energy, Velocity, and Momentui f o r  B Ions 
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+ Table 3 .  Energy-, Vel o c i t y ,  and Momentum Tor H3 Ions 

_- __-- - -ll-__.....___l__ 

Vel-ocity H P  Energy Velocity P Energy 

(kev) (cm/sec) (Ga-uss-cm) (ktv) ( cm/sec) ( Gauss - cm) 
--.--- -.---_I-- 111 _. _,.. 

0 0 0 280 4-.23 x lo8 13 .12  x 10’‘ 

10 0.79 x LO8 2.45 x lo4 3 00 4 .38  1 3  . 58 

20 1-13 3.50 

40 1 . 6  4 . 9 6  

60 1 . 9 6  6.08 

80 2.26 7.01. 

100 2.52 7.81 

110 2.65 8.22 

120 2.77 8.53 

130 2.88 8.93 

140 2.98 9.2A 

150 3 .I 9.51 

160 3 . 2  9.92 

170 3 . 3  10.23 

180 3 .4 2 0.54 

200 3.57 11.07 

24 0 3 . 9 1  12.12 

400 5.05 1 5  - 66 

5 00 5.65 17 .52  

600 6.19 19.19 

700 6 .68  20 .  r / l  

800 7 .15  22.17 

900 7 . 5 8  23.51 

1000 7 . 9 9  2L r78 

1200 8.75 27.13 

1400 9.45 29.30 

1600 10.1 31.37 

1800 1 0 . 7  33.18 

2000 11.3 35.04 

2200 11.8 36.59 

2300 12.1 37.52 

2400 12.A 38.it5 
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Ta.bJ.e 4 .  Energy, V e l  ocity, ana Momentum for He Ioris 

T1 m e  rgy V e l  oci  ty I1 ,3 E m r g y  Velocity H o  
(kev) (cni/see) (Gau-sb-cm) (kev) ( ,In/,,,) ( Gauss - em) 
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Table 5. Energy, Velocity, and Momentum Tor Elec t rons  

Energy Vcloci ty !I: p Encrgy Velociiy '1-1 p 
(ev) (cm/sec) (Gauss-cm) ( ev> (CD./S?C) ( Gauss - cm) 
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T,%ble 5. Energy, Vel.oci-ty, and Momen-L-Lm f o r  Elec t rons  

Enr  rgy Veloc i ty H P  Energy Velocity H P  
( -J> ( cm/s?c) (Gauss-em) ( cv> ( em/sec) ( Gauss - cm) 
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Table 5. Enera - ,  Veloci ty ,  and Momecitum for Electrons 
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Tab1.e 5 .  Energy, Vel-ocity, and Momentum f o r  Elec t rons  
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