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RESUME Dans les plasmas en deuterium du JET avec une temperature electronique de 
quelques keV les raies kmises par CVI sont causees par des processus coll isionnels pres du 
bord, en absence de chauffage par injection de neutres. Le decrement de la serie de Lyman 
est modifie, ceci etant relie l'intensite de la raie D, et, par consequent, au flux 
peripherique d'atomes neutres Do. 

L'intensite du spectre de la serie de Lyman est interpret& en terme de co lisions 
diechange de charge B faible Cnergie entre les &tomes Do thermiques et lei ions Cb+ et en 
terme de coll isions electroniques des ions C dans leur etat fomdamental . L16mission 
intkgrbe le long d'un diametre est interprethe en utilisant un code de simulation 
d' impuretes. 

Pour avoir un bon accord avec 1 lexperience aux grandes valeurs du flux d'atomes D o  il 
faut considkrer 1 'kchange de change avec les atomes Do dans leur &tat fondamental ainsi que 
dans leurs etats excites, les sections efficaces pour ce dernier cas sont estimees en 
uti 1 isant le model e de Landau-Zener. Les comparaisons re1 atives des intensites 
experimentales et des intensites calculees permettent dlevaluer des facteurs correctifs aux 
taux effectifs d'excitation par echange de charge. 

Ces observations constituent une methode potentiel le dlevaulation de la densite locale 
de Do B la peripherie de plasmas chauds 6 fort recyclage de Do, limitee toutefois par les 
incertitudes actuelles sur les sections efficaces d'echange de charge B faible energie. 

ABSTRACT In a multi-keV temperature deuterium plasma such as JET, CVI emission arises 
from collision processes which, in the absence of neutral deuterium beam heating, occur 
near the plasma boundary. Distortions to the CVI Lyman decrement, such as the Ly p / r / 6  
ratio and enhancement of the high quantum states (nz12) are observed. These are correlated 
to the Daintensity and consequently to the influx of Do atoms at the plasma boundary. 

The intensities of the Lyman spectra are interpreted in terms of low energy electron 
transfer from thermal Do atoms to cf6 ions as well as electronic excitation of ci5 ions in 
their ground state. The 1 ine-of-sight emission is model 1 ed using an impurity ion transport 
code with input data on the electron and Do profiles. 

Electron transfer from excited states of Do (up to the thermal limit) as well as the 
ground state have to be included to give satisfactory agreement with the CVI Lyman spectra 
when the Do influx is high. The cross-sections for charge-transfer from excited states 
have been estimated using a simple Landau-Zener model. Comparison of the relative 
intensities of the CVI Lyman series Ly p / r / 6  etc with the model calculations allows 
plausible corrections to be made to the effective charge transfer cross-section as a 
function of principle quantum number. 

The observations offer a potential method of measuring local Do concentrations near the 
boundary of high temperature, high Do recycling plasmas, but limited at present by the 
uncertainties of low energy charge transfer cross-sections. 
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1 INTRODUCTION The importance o f  charge t r a n s f e r  (CX) c o l l i s i o n s  between atoms and 
ions- i n  keV and multi-keV temperature plasmas o f  i n t e r e s t  i n  c o n t r o l l e d  fus ion  research 
has been appreciated f o r  a  decade o r  so C l l .  Not on ly  can charge t r a n s f e r  a l t e r  the  
l o c a l  i o n i s a t i o n  balance C21 and the l o c a t i o n  w i t h i n  the  plasma o f  the  r a d i a t i o n  s h e l l  
associated w i t h  each i o n  species; b u t  the r a d i a t i o n  s ignature o f  the  ions can a lso  be 
m o d i f i e d .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  bare nuc le i  such as D + ,  ~e" ,  c6+, 08+ etc ,  which 
o r d i n a r i l y  r a d i a t e  on ly  a  weak continuum from the  plasma volume. Charge t rans fe r ,  being 
s t a t e  s e l e c t i v e  131 141 151, endows the  recombined i o n  w i t h  a  very s p e c i f i c  l i n e  emission 
signature. The most in tense charge exchange l i n e s  r e s u l t  from An=l t r a n s i t i o n s  which 
represent t h e  most probable decay routes t o  ground from the  dominant quantum l e v e l s  
selected by t h e  charge t r a n s f e r  process. 

The CX spect ra l  s ignature depends on the  atomic s t r u c t u r e  o f  the  recombining i o n  and the  
r e l a t i v e  v e l o c i t y  o f  the  c o l l  i d i n g  p a r t i c l e s .  I n  fus ion  plasmas equiva lent  energies, E,, 
o f  the impacting HO, Do atoms range from several keV/AMU c h a r a c t e r i s t i c  o f  beam atom 
energies, though E, 1 IkeVIAMU f o r  the secondary ' h a l o '  atomic products produced by 
beam-ion co l  l. isions, t o  low energy c o l l  i s i o n s  E, < IkeVIAMU i n v o l v i n g  ' background1 atoms 
d i f f u s i n g  i n t o  the plasma boundary. I n  p rac t i ce ,  the  i n t e n s i t i e s  o f  the  An=l l i n e s  

A 
i n v o l v i n g  t h e  dominant e x c i t e d  s ta tes  eg. n  1 4 f o r  [c5+1*, appear i n  the  VUV reg ion  and 
these i n t e n s i t i e s  are i n  s a t i s f a c t o r y  agreement w i t h  the var ious t h e o r e t i c a l  est imates f o r  
t h e  charge t r a n s f e r  cross sect ions C l l .  

I n  beam-plasma i n t e r a c t i o n  exper iments,  t r a n s i t i o n s  i n v o l v i n g  much h i g h e r  
(Rydberg-like) leve ls ,  n  > 23 f o r  example, can a l s o  appear as p a r t  o f  the  CX-signature 
C61 despi te  the  considerably lower cross-sect ion f o r  s e l e c t i n g  these h igh  leve ls .  The 
explanat ion f o r  these An=l l i n e s ,  which t y p i c a l l y  appear i n  the  v i s i b l e  o r  near v i s i b l e  
reg ion o f  the spectrum, i s  more complicated however, due t o  other  poss ib le  e x c i t a t i o n  
processes C71 and t h e  p o s s i b i l i t y  o f  l i n e  b lending w i t h  emissions from other  ions w i t h  
t h e  same e f f e c t i v e  charge C61 C71. Magnetic and e l e c t r i c  f i e l d s  imposed by t h e  plasma 
environment i t s e l f  has the  e f f e c t  o f  mix ing the  (n, j , l>  s ta tes  C81. The charge exchange 
s ignature can, through mix ing o f  h igh 1-sub l e v e l s  w i t h  the s,p,d o r b i t a l  quantum states,  
appear n o t  on ly  i n  the  v i s i b l e  An=l t r a n s i t i o n s  bu t  a lso  i n  the  resonance l i n e s ,  such as 
t h e  Lyman ser ies  o f  CVI. 

Another compl icat ion t o  the CX populat ion of Rydberg l e v e l s  i s  the  e lec t ron  
t r a n s f e r  from exc i ted  s ta tes  of the  donor atom. The charge t r a n s f e r  cross-sect ion 
s c a l e s  a p p r o x i m a t e l y  as t h e  n4  where n~ i s  t h e  p r i n c i p a l  quantum number o f  deuterium. 
Recent s tud ies 161 191 C101, i n j i c a t e  t h a t  charge t rans fe r  c o l l i s i o n s  between plasma ions 
i n  tokamaks and exc i ted  s t a t &  o f  beam atoms, ' ha los '  and background thermal atoms cannot 
be ignored i n  any q u a n t i t a t i v e  assessment o f  the CX s ignature i n v o l v i n g  Rydberg leve ls .  
The appearance o f  h igh quantum l e v e l  (n=27) d i s t o r t i o n s  t o  the X-ray resonance l i n e  
s p e c t r u m  f r o m  i n  t h e  ALCATOR-C tokamak f o r  example, has been a t t r i b u t e d  t o  CX 
c o l l i s i o n s  between exc i ted  s ta tes  o f  H0 and ~ r ~ ~ +  C101. 

The present  paper r e l a t e s  t o  the i n t e n s i t i e s  of the Lyman ser ies o f  CVI i n  t h e  absense 
o f  the atomic beams i n  the  JET Tokamak. I t has been observed t h a t  t h e  CVI Lyman decrement 
becomes ' d i s t o r t e d '  when the  l o c a l  i n f l u x  o f  D o  atoms a t  the  boundary i s  increased [Ill. 
A q u a n t i t a t i v e  account o f  the  changes i n  the i n t e n s i t i e s  o f  the C V I  Lyman l i n e  i s  attempted 
i n  terms o f  an impur i t y  i o n  t ranspor t  code which incorporates the  re levan t  i o n i s a t i o n  and 
recombination ( inc lud ing  CX w i t h  background thermal D o )  ra tes  f o r  each carbon i o n  species. 
Comparison o f  the  p red ic t ions  o f  t h i s  model w i t h  the  experimental l i n e  i n t e n s i t i e s  a l lows a  
d e r i v a t i o n  o f  the e f f e c t i v e  r a t e  c o e f f i c i e n t s  f o r  populat ing the  Rydberg l e v e l s  o f  CVI. 

2 UPERIMENTAL PROCEDURE The JET tokamak has a  D-shaped t o r o i d a l  vacuum vessel w i t h i n  
which t h e  plasma can be made t o  adopt a  range o f  boundary shapes and loca t ions  C121. I t  i s  
re levan t  t o  t h i s  paper t h a t  the plasma can be s h i f t e d  h o r i z o n t a l l y  inwards along a  major 
rad ius l o s i n g  contact  w i t h  the ou te r  b e l t  l i m i t e r s  and being brought t o  bear upon the  inner  
wa l l  surface, both l i m i t e r s  and wa l l  surfaces being p y r o l y t i c  carbon t i l e s .  On con tac t  
w i t h  a  mate r ia l  surface the  plasma releases absorbed Do as we l l  as i m p u r i t i e s  inc lud ing,  o f  
course, carbon. These atomic i n f l u x e s  are reg is te red  and qua1 i t a t i v e l y  analysed through 
t h e i r  re levan t  spect ra l  emission C131. Figure 1 ind ica tes  the change i n  Balmer-a emission 
and there fo re  i n  the i n f l u x  o f  D o  from the i n s i d e  wa l l  dur ing a  20s JET cur ren t  pulse. 



Time (s) 

C V I  LYMAN SERIES LINE INTENSITIES 

FIGURE 1: Upper curve shows Balmer a intensity from the inner wall during JET discharge 
#13571. The time-dependent intensity is directly related to the local influx of Do at the 
plasma boundary. The steps in the emission just before 5s and at 11s result, respectively. 
from a shift of the plasma into contact with the inside torus wall followed by application 
of an RF heating pulse. 
CVI Lyman series line intensities at 3.5s (on left) and at 13s (on right) are shown. 
Comparison is made between the JET data (upper spectrum) and model calculations (lower 
spectrum) for each of the two time frames. 
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Survey spectrometers operat ing i n  the VUV and XUV regions o f  the spectrum El11 view the  
i n s i d e  wa l l  along hor i zon ta l  chords. When the  plasma i s  i n  contact  w i t h  the  outer  l i m i t e r s  
( a t  t<5s, Figure 1) l o c a l  emission from D o  and i m p u r i t i e s  from the  l i m i t e r  surfaces are n o t  
w i t h i n  the l i n e  o f  s i g h t  o f  t f ie survey spectrometers. Essen t ia l l y  therefore,  the  plasma 
boundary viewed by the spectrometers i s  e i t h e r  f r e e  o f  contact  w i t h  mate r ia l  surfaces (as 
f o r  t<5s, Figure 1) o r  i n  contact  w i t h  the inner  wa l l ,  w i t h  a  consequent l a r g e  increase i n  
the  Do i n f l u x  (as f o r  t>5s, Figure 1). The f u r t h e r  la rge  r i s e ,  i n  Balmer-a o f  Do ( a t  
t = l l s ,  Figure 1) corresponds t o  a p p l i c a t i o n  o f  the RF heat ing pulse which i s  associated. 
c h a r a c t e r i s t i c a l l y ,  w i t h  increased i n f l u x e s  o f  both fue l  atoms and impur i t i es .  

I n  a d d i t i o n  t o  atomic i n f l u x  spectroscopy ( i n  the v i s i b l e  region), the  VUV and XUV 
instruments cont inuously monitor most o f  the i o n  stages o f  the main i m p u r i t i e s  eg. C I I I  
through C V I .  The CVI Lyman ser ies i n t e n s i t i e s  and Balmer a o f  CVI a t  182.28 are measured 
by t.he XUV spectrometer C l l l  w i t h  a  r e s o l u t i o n  ~ 0 . 2 4  (FWHM). During the  i n i t i a l  phase 
(t<5s, Figure 1 )  when the  viewed volume excludes contact  between the  plasma and a  mate r ia l  
boundary, the  CVI Lyman i n t e n s i t i e s  are i n  t o l e r a b l e  agreement w i t h  the  usual e lec t ron  
impact c o l l  i s i o n a l  r a d i a t i v e  model C141, the ca lcu la ted  Lyman decrement tends t o  be 
somewhat steeper than i s  observed). I t i s  c l e a r  however t h a t  changes i n  the  Balmer-a 
emission i n t e n s i t y ,  when the plasma boundary i s  s h i f t e d  and when RF heat ing i s  app l ied  
(Figure I), are cor re la ted  w i t h  ' d i s t o r t i o n s '  t o  t h e  CVI Lyman decrement and w i t h  increased 
i n f l u x e s  ( i n t e n s i t i e s )  o f  low i o n  stages eg. C I I I .  The t ime-var ia t ion  o f  the CVI Lyman 
ser ies i n t e n s i t i e s  has been deduced tak ing  i n t o  account p i x e l  ga in f a t i g u e  across the  
micro-channel p l a t e  detector .  This loss  i n  ga in i s  photon f l u x  dependent and i s  most 
problematic a t  the Lyman-a C V I  p i x e l  pos i t i on .  The r e l a t i v e  i n t e n s i t i e s  o f  the  remainder 
o f  the Lyman ser ies i s  shown i n  Figure 1 f o r  two d i f f e r e n t  plasma boundary condi t ions.  The 
Ly p l y  r a t i o  and the feature a t  n = 12 are the most obvious d i s t o r t i o n s  t o  the  se r ies  
decrement when the plasma boundary contacts the i n s i d e  w a l l .  

THEORETICAL MODELS AND COMPARISON WITH EXPERIMENT The r a d i a t i o n  s h e l l s  from each i o n  
species have been ca lcu la ted  us ing an impur i t y  t ranspor t  code based on the procedure 
described i n  E151. Simulat ion o f  l i n e  radiances requi res the i n c l u s i o n  o f  atomic processes 
as we l l  as the appropr ia te p a r t i c l e  d i f f u s i o n  c o e f f i c i e n t s .  D e t a i l s  o f  the  model 
assumptions and the i n p u t  data w i l l  be g ive  i n  a  f u r t h e r  pub l i ca t ion ,  ( M a t t i o l i  M e t  a l ,  t o  
be publ ished). However, a  schematic o f  the plasma parameters a t  the boundary o f  a  t y p i c a l  
JET l i m i t e r  d i  charge, showing the concentrat ion gradient  o f  Do, the p o s i t i o n  o f  the C+ and 
p a r t  o f  the C" she1 1, i s  presented i n  Figure 2. The plasma regions responsib le  f o r  CX and 
e l e c t r o n i c  impact e x c i t a t i o n  o f  C V I  are ind icated.  

For the present s imulat ion 'of the  C V I  Lyman ser ies i n t e n s i t i e s  i t  i s  important t o  
inc lude both the  e lec t ron  impact c o n t r i b u t i o n  c + ~  + e  + ~ + ~ ( n )  + e, and the  charge exchange 
c o n t r i b u t i o n  c + ~  + Do -+ c t 5 ( n )  + D', t o  the ~ o p u l a t i o n  o f  the o r i n c i ~ a l  auantum leve ls .  
The e f f e c t i v e  r a t e  c o e f f i c i e n t s ,  qE,l and qk:l respec t i ve ly ,  inc lude r e d i s t r i b u t i v e  and 
cascade e f f e c t s  and are evaluated i n  a  twenty p r i n c i p a l  quantum s h e l l ,  n1 j  sub-shell 
resolved populat ion c a l c u l a t i o n  C161, C71. An extension t o  these ca lcu la t ions  C161 i s  
requ i red  t o  a l low proper treatment o f  the h igh Lyman ser ies members o f  CVI. 

E lect ron t rans fe rs  from all exc i ted  p r i n c i p a l  quantum s h e l l s  o f  deuterium, up t o  l o c a l  
p l a s m a  c o l l i s i o n  l i m i t  o f  n!!p! = 5, have been i n c l u d e d  i n  t h e  c a l c u l a t i o n s  o f  t h e  

L l  I 

e f f e c t i v e  CX r a t e  c o e f f i c i e n t s  qtx n  2 20. Low energy t r a n s f e r  cross-sect ions from t h e  
D( ls )  ground s t a t e  are documentedn~871. However, there i s  l i t t l e  data a v a i l a b l e  f o r  CX 
cross-sect ions from exc i ted  s tates o f  thermal Do. As a  s t a r t i n g  p o i n t  f o r  comparison w i t h  
experiment we adopt the Landau-Zener approximation us ing m a t r i x  elements proposed i n  C181. 
Captures from the  ground and exc i ted  s t a t e  o f  D o  are assumed t o  be s t r i c t l y  s t a t e  s e l e c t i v e  
i n t o  the  approximate n-shel ls  o f  C V I .  The t r a n s f e r  cross-sect ions peak a t  n-shel ls  o f  CVI 
which are almost l i n e a r  m u l t i p l i e r s  o f  n(DO), i e .  a t  n(DO) fi. The 1 - d i s t r i b u t i o n s  are 
assumed as f o r  capture i n t o  f?. 



It i s  recognised t h a t  the s i m p l i f i e d  Landau-Zener (LZ) r a t e  c o e f f i c i e n t s  tend t o  be 
t o o  low. They do have the  m e r i t  o f  addressing the problem i n  terms o f  the  d e t a i l s  o f  
molecular p o t e n t i a l  curve pseudo-crossings which i s  appropr ia te t o  the  present low 
c o l l  i s i o n  speed regime and t o  more r e f i n e d  ca lcu la t ions .  Comparison o f  experiment w i t h  the  
model, i nd ica tes  t h a t  the t h e o r e t i c a l  e f f e c t i v e  (LZ) ra tes  need t o  be increased by fac to rs  
o f  between 1.5 and 3  depending on the CVI quantum l e v e l ,  Figure 3. The e m p i r i c a l l y  
a d j u s t e d  qE:l come c l o s e r  t o  t h e  va lues  p red ic ted  by an overbar r ie r  model C191 which i s  
expec ted  t o  g i v e  qCX fac to rs  o f  4-5 times the LZ model. The p r o b a b i l i t y  i s  t h a t  the CX 
cross-sect ions 1  i e  \;$ween the p red ic t ions  o f  the  two t h e o r e t i c a l  models. New d i r e c t  
capture cross-sect ion ca lcu la t ions  are i n  progress t o  check the  v a l i d i t y  o f  these 
conclusions. However, i t  i s  abundantly c l e a r  tha t ,  whatever the absolute cross-sections, 
a1 1 the unsmeared l e v e l s  i n  the donor atom con t r ibu te  t o  the charge-exchange s ignature o f  
the  recombined ion. 

The absolute concentrat ion o f  DO(r) ,  Figure 2, has been used as a  ' f r e e '  parameter i n  a  
comparison between the t ranspor t  model p r e d i c t i o n  and the observed CVI l i n e  radiances. The 
r a d i a l  v a r i a t i o n  o f  Do w i t h  plasma radius i s  assumed t o  be f u n c t i o n a l l y  s i m i l a r  t o  t h a t  
p red ic ted  i n  C201. The absolute concentrat ions o f  DO(r=a), where l a 1  i s  the  inner-wal l  
plasma boundary radius, d t f f e r  by a  f a c t o r  ~ 5 0  between the outer  l i m i t e r  (t=4s) and inner  
wa l l  (t=13s) phases o f  the  JET discharge. This i s ,  w i t h i n  fac to rs  o f  two, the  same as the  
t ime v a r i a t i o n  o f  the  D o  i n f l u x e s ,  Figure 1. 

FIGURE 2: Schematic representat ion o f  the 1  i m i t e r  boundary reg ion o f  a  JET plasma. The 
r a d i a l  v a r i a t i o n  o f  the e lec t ron  parameters and o f  atomic deuterium are ind icated.  This 
data i s  used as i n p u t  t o  an i o n  t ranspor t  code which p r  i c t s  the  r a d i a l  s h e l l s  o f  carbon 
i o n s .  The l o c a t i o n  o f  t h e  c t 5  ions and p a r t  of the CPBshel l  are shown w i t h  the  regions 
which con t r ibu te ,  through e lec t ron  impact and CX, t o  the C V I  Lyman ser ies i n t e n s i t i e s .  
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FIGURE 3: E f f e c t i v e  Emission C o e f f i c i e n t s  o f  C V I  Lyman se r ies  f o r  app rop r ia te  l o c a l  
boundary parameters i n  JET. The s o l i d  c u r v y X  represent  t h e  e f f e c t i v e  c o e f f i c i e n t  f o r  
e l e c t r o n  i m p a c t  qE,l and c h a r g e  exchange q ,I. The dashed c u r v e  i s  t h e  deduced CX 
c o e f f i c i e n t  a f t e r  comparison o f  t h e  model c a l c u r a t i o n s  w i t h  t h e  observed spectrum. 



CONCLUSIONS The r e l a t i v e  i n t e n s i t i e s  o f  the Lyman ser ies  o f .  CVI from a tokamak are 
s e n s i t i v e  t o  the  plasma boundary condi t ions and i n  p a r t i c u l a r  t o  the  concentrat ion o f  
atomic species o f  the working gas (D,). I n  the  absence o f  neu t ra l  Do,  t he  CVI Lyman ser ies 
i n t e n s i t i e s  are adequate1 y described by e lec t ron  impact e x c i t a t i o n  from the  CVI ground 
state.  

When there  i s  an appreciable i n f l u x  o f  Do a t  the plasma boundary, charge exchange 
c o l l  i s i o n s  b e t w e e n  D o  and C 6 +  p o p u l a t e  p r e f e r e n t i a l l y  h i g h  n - s t a t e s  and r e s u l t  i n  
' d i s o r t i o n s l  o f  the C V I  Lyman decrement. 

The C V I  Lyman ser ies  i n t e n s i t i e s  have been simulated using an impur i t y  i o n  t ranspor t  
code which includes, f o r  c a l c u l a t i o n  o f  the C V I  Lyman i n t e n s i t i e s ,  e f f e c t i v e  em'ssion 
c o e f f i c i e n t s  f o r  e lec t ron  impact e x c i t a t i o n  o f  CVI and f o r  change exchange between Cb+ and 
a l l  l e v e l s  o f  Do up t o  n=5, the ' c o l l i s i o n l  l i m i t .  Cascade decays o f  the  CVI l e v e l s  a r e  
taken i n t o  account i n  the ca lcu la t ions  o f  the  e f f e c t i v e  atomic rates.  The charge exchange 
cross-sect ions are ca lcu la ted  us ing a Landau-Zener model. 

Comparison o f  the model w i t h  the observed C V I  radiances ind ica tes  p l a u s i b l e  
co r rec t ions  t o  the  simple theore t i ca l  model f o r  the charge exchange cross-sect ion as a 
func t ion  o f  p r i n c i p l e  quantum s ta te .  

The con t r ibu t ions  from charge .exchange t o  the e f f e c t i v e  emission c o e f f i c i e n t s  f o r  t h e  
C V I  Lyman ser ies are i n  semi-quant i ta t ive agreement w i t h  changes i n  the  observed Do i n f l u x  
a t  the  plasma boundary. The observat ions o f f e r  a p o t e n t i a l  method o f  measuring the  
concentrat ion o f  Do near the boundary o f  a fus ion  plasma. 

Other e f f e c t s  associated w i t h  a change i n  the deuterium i n f l u x  inc lude the  i n t e n s i t y  
r a t i o  o f  the  t r i p l e t l s i n g l e t  resonance l i n e s  from the n=2 l e v e l s  o f  CV ( increasing from 
0.45-0.65 t y p i c a l  l y ,  f o r  f a c t o r  o f  10 increase i n  the  D o  i n f l u x )  and the Balmer allyman f3 
r a t i o  o f  CVI (a f a c t o r  o f  two increase t y p i c a l l y ,  f o r  f a c t o r  o f  10 increase i n  the  Do 
i n f l u x ) .  

REFERENCES 

E l l  I s l e r  R C, Phys. S c r i p t a  35, 650 (1987) 
C21 Hulse R A, Post D E and Mikkelsen D R, J Phys. B. 13, 3895-3907 (1980) 
C31 Salop A, J Phys. B. 12 No.6, 919-928 (1979) 
C41 Shipsey E J, Green T A, Brown J C,  Phys. Rev. A 7 No.2, 821-832 (1983) 
C51 Janev, R K. Be1 i c  0 S, Bransden H, Phys. Rev. A 3 No.3, 1293-1302 (1983) 
C61 Carolan P G, Duval B P, e t  a1 . Phys. Rev. A 3, No.8, 3454-3471 (1987) 
C71 Boi leau A, von Hellermann M, Horton L, Spence J, and Summers H P (1987) JET J o i n t  

Undertaking Report JET-P(87144 
C81 Fonck R J, Darrow D S, and Jaehnig K P ,  Phys. Rev. A 29 No.6 , 3288-3309 (1984) 
C91 I s l e r  R C, and Olson R E, Phys. Rev. A 2, 3399 ( 1 9 8 8 r  
C l O l  Rice 3 E, Marmar E S, Terry  J L, Kal l n e  E and Kal l n e  J. Phys. Rev. Let t .  3, 50 

(1986) 
C111 Behringer K e t  a l ,  Jnl de Physique, Colloque C 1 ,  Supp. au No.3, 9, C1-387-390, 

(1988) 
C121 Bicker ton R J, 'JET and the  Prospect f o r  Nuclear Fusion" JET preprint-P(87)59 (1987) 
C131 Behringer K H e t  a l .  "Physics o f  Ion ised  Gases" SPIG.86. Publ. World S c i e n t i f i c  

(Ed i to rs  J Pur ic  and D B e l i c )  DD. 241-267 (1987) 
C141 Johnson L C and Hinnov E, J ~ u a n t  Spect. Radiat. Transfer.  33-358 (1973) 
C151 Lackner K, Behringer K,. Engelhardt W and Wunderlich R, Ze i t .  Naturforsch. 37(a) 931, 

(1982) 
C161 Spence J and Summers H P J. Phys. B 2, 3749, (1986) 
C171 Green T A, Shipsey E J and Brown J C, Phys. Rev. A 25, 1364 (1982) 
C181 01 son R E and Salop A Phys. Rev. A 14, 579 (1976) 
C191 Mann R, Folkmann F and Beyer H F, J. Phys. B 2, 1161 (1981) 
C201 C o r t i  S, Bracco G, e t  a1 , Proc. 12th Euro Conf. on Contr. Fusion and Plasma Physics 

BUDAPEST (1985) Europhys. Abstracts Vol . G. F. I. pp.219 (1985) 


