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Conference Report for Nuclear Fusion 

PHENOMENA IN IONIZED GASES 

M. Porkolab 

Plasma Physics Laboratory, Princeton University 

Princeton, New Jersey 08540 

ABSTRACT 

A summary of the Conference on Phenomena in Ionized 

Gases, held in Eindhoven, The Netherlands, is given. In 

particular, the format of the conference, and the content 

of the review papers is summarized. 

- - 
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T h i s  conference  i n  Eindhoven r ep re sep ted  t h e  t w e n t i e t h  
I 

y e a r  a n n i v e r s a r y  of s i m i l a r  c o n f e r e n c e s h e l d  every  two y e a r s  on 

t h e  t o p i c s  of g a s  d i s c h a r g e  and plasma phys ics .  The f i r s t  of 

t h e s e  conferences .  was a l s o  he ld  i n  The Nether lands .  S ince  then,  
. . 

a  c o n s i d e r a b l e  e v o l u t i o n  of plasma phys ics  occur red .  B a s i c a l l y ,  

t h e  a i m  of t h e  o rgan iz ing  committee was t o  combine both  gas  d i s -  

cha rge  phys i c s  and"plasma phys i c s  approximately e q u a l l y .  However, 

of t!le t o t a l  of 397  c o n t r i b u t e d  pdpers, only  131 wore on plagma 

phys i c s .  O f  t h e  t h i r t e e n  i n v i t e d  papers ,  e i g h t  w e r e  concerned 

w i t h  plasma phys i c s  and c o n t r o l l e d  f u s i o n  r e sea rch .  

Th i s  y e a r  a  complete ly  new conference format was t r i e d :  

approximately  one - th i rd  of t h e  c o n t r i b u t e d  papers  were presen.ted 

o r a l l y ,  and t h e  res't of t h e  papers  w e r e  d i sp l ayed  i n  p o s t e r  form 

i n  t h e  main h a l l .   he c o n t r i b u t e d  papers  given v e r b a l l y  c o n s i s t e d  

of f i f t een -minu te  t a l k s ,  whi le  each of t h e  i n v i t e d  l ec tu re ' s  was 

a l lowed a  t o t a l  o f *  'one hour. 

The contribuee'd papers were presented i n  two s imul tanenus 

s e s s i o n s :  one was"'mainly aimed a t  d i s c h a r g e  phys ics  and atomic 

( i o n i z a t i o n )  phenomena, wh i l e  t h e  o t h e r  s e s s i o n  conta ined  mainly 
.... . . 

plasma phys i c s  papers .  The i n v i t e d  ga lks  inc luded  t h r e e .  gene ra l  

i n v i t e d  l e c t u r e s  and e leven  t o p i c a l  - inv i ted  l e c t u r e s  (none of 

them c o n f l i c t e d  with each o t h e r  i n  $ i m e ) .  These l e c t u r e s ' '  

summarized some of t h e  impor tan t  r e c e n t  developments i n  a given 
. . 

s p e c i f i c  a r e a  of d i s cha rge  and/or plasma phys ics  r e sea rch .  
. . 



The format of this conference, in this reviewer's opinion, 

1 was an excellent one. By placing a good fraction of the papers 

on posters and by making available the'texts of all the contrib- 

uted papers before the conference allowed one to listen to all of 

the plasma physics papers presented verbally. In addition, 

there were several interesting discussion sessions in the late 

afternoons on specific topics of interest. One day of the 

conference was spent on field trips to various laboratories in 

The Netherlands. The local organizing committee did an excellent 

job of ensuring continuity in the case of absent speakers, and the 

facilities at the conference site were outstanding. Perhaps the 

only suggestion this reviewer could make is that, since both the 
, a  ,. . . .. 

Conference on Ionization Phenomena and the European Conference on 

Plasma Physics and Controlled Fusion are held every second year, 

it would be best if these conferences were held in alternate years 
o . . ,  . > .  . , , I 

(rather than two weeks apart, as in the present case). 

In Table I below, we present the invited talks, including 

both the names o.f the speakers and the title of the papers. In 

Table 11 we present the specific topics in plasma physics which 

were discussed and the number of related papers presented. In the 

last row we also include the topics of the discussion sessions. 



TABLE I. 

INVITED TALKS 
- < 

; 

General Invited Lectures 

R. S. Pease: Experimental Guide-lines in Controlled 
Thermonuclear Research 

W. P. Allis,: Review of the Glow to Arc Instability 

R. Pellat: Interaction of Articial Electron Beams 
with the Ionospheric Plasma , .  , . . 

Topical Invited Lectures in Plasma Physics 

D. E. Evans: Laser Diagnostics in Plasma Research 

11. Wilhelmson: Wave-Wave Intereaction in Plasma 

M. Porkolab: High Frequency Parametric Wave Phenomena 
and Plasma Heating 

D. C. ~ontgdmery: Plasma Kinetic Processes in a Strong 
. . D. C. Magnetic Field. 

V. N. Tsytovich: Strong Interaction of Relativistic 
, ,  Electron :Beams with Plasma and Gas 

R. Wienecke And 
G. Decker.: Plasma Focus Devices 

Topical Invited Lectures in Discharges and Elementary Processes 
... 

D. C. ~orents: The Physics of Electron Beam Excited 
Rare Gases at High Densities 

J . ,Uhlenbusch: Miscellaneous Arc Devices 

... J . Po lman : ...:. . Recent Developments in Low Pressure 

. . 
Gas Discharge Research 

.. . 

C. Manus:  collision:^ of Excited States in Ionized 
. . . .. Media 

V. N. ~olesnkkov: Spectroscopic Measurements of Pylsed 
Discharges 

. . . . 



TABLE I1 

TOPICS I N  PLASMA PHYSICS 

R a d i a t i o n  

(a)  O p t i c a l  measurements 

(b) S c a t t e r i n g  

(c) D i a g n o s t i c  Methods 

Wave P a r t i c l e  I n t e r a c t i o n  

Waves, Wave-Plasma I n t e r a c t i o n  

( a )  Wave P r o p a g a t i o n ,  E x c i t a t i o n ,  Damping 

(b )  Wave-Wave I n t e r a c t i o n  , 

(c)  Turbu lence ,  T u r b u l e n t  T r a n s p o r t  

Theory 

(a)  S t a t i s t i c a l  and Thermodynamic Theory 

(b)  T r a n s p o r t  and K i n e t i c  Theory 

~ a s e r  C r e s t e d  Plasmas,  Dense Plasmas ,  
R e l a t i v ' i s t i c '  E l e c t r o n  B e a m s  

I n f o r m a l  D i s c u s s i o n  S e s s i o n s  

( a )  Laser-Plasma I n t e r a c t i o n  

(b) S t r o n g  Turbulence  Phenomena 

N o .  o f  P a p e r s  

(c) L a s e r  D i a g n o s t i c s  



We shall now'give a summary of those aspects of the invited 
, .. . 

talks which may be of interest to the readers of Nuclear Fusion. 
.. .. 

The contributed papers have been published already (North Holland 
. . 

Publishing Co., 19751, and so we will not discuss them here. In 

particular, in this reviewer's opinion, the numerous review papers 

gave a good summary of the present status of plasma physics research. 
. . 

1. Fusion ~eseai:cIl 

R. S. Pease (Culham, England) gave a detailed summary on the 

present status of controlled fusion research. A numbel u1 fus ion  

devices presently pursued at various laboratories were discussed 

(mirrors, multiple-st stellarators, pinches, toroidal pinches). 

He also briefly mentioned the laser-pellet type fusion concept 

(inertial confinement). A brief summary of the present status of 

MHD stability theory was given. (Weil understood, except perhaps 
8 .  . 

the cause of the disruptive ... instability in tokamaks.) Much of the 

talk was concentrated on tokamaks, which, according to the speaker, 

was our best bet at the present time to achieve controlled fusion. 
. . 

However, he emphasized that other confinement schemes should also 

be pursued until we'.achieve the Lawson criterion. The best results 

on tokamaks to date.:are those obtaingd on TFTR (France), with 

maximum temperatures of Te = 3keV, Ti& IkeV. Although initially 

fluctuations are in tokamak d~vices, they become stabilized 

as the discharge bullds up. This "self healing" may be due to 

(a) formation of a mean magnetic wel-i, allowing a high B e ;  and (b) 

for q > 1 the discharge connects itself to the outer layer 

without instability:(speculative reason). However, experiments at 



San Diego show that stable plasma can be achieved even when the 

I' walls are well away from the plasma. At the present time there 

is relatively good agreement between the observed ion temperature 

and neoclassic theory. However, the confinement time of particles 

is still not well understood (even the sign of the particle flux 

,may be in disagreement with theory). There is also complete dis- 

agreement of neoclassic theory with the observed electron energy 

confinement time (by a factor of 100 too' fast) . This may be due 

to (a) initial creation of plasma, (b) trapped elec.tron mode, (c) 

other mechanisms. 

Important near-term goals include auxiliary heating schemes 

(neutral beam injection and rf heating). Another very important 

development in the near future in toroidal research will be the 

start-up of the PLT (princeton) and T-10 (MOSCOW) tokamak devices 

(in a few months). Since the electron energy confinement is not 

understood, these new devtces will give us crucial information 

concerning the scaling of confinement time with machine size. In 

particular, if diffusion is caused by microinstabilities, we get 

2 
T conf - L , so that in the new devices confinement times of the 
order of T = 0.1 sec should.be possible. 

Then the next generation of devices (for example, the 

European JET) could achieve a confinement time of one second. He 

concluded his talk by emphasizing the present date optimism versus 

the discouraging results of the 1950's. 



D. E.  vans summarized the present status of both incoherent 
and collect,ive laser shattering diagnostics for (a) measuring 

electron and ion temperatures, (b) measuring fluctuations. In 

particular,'.the following problems remain in conventional Thompson 
. . 

scattering techniques: 

(i) ~limination of stray light; here important new development 

have been made at Los Alamos by using a series of gratings instead 

ui: li.m.i.tal;a,' etc. Using such techniques, rejection ratios of 10 10 

lo1* have been achieved. Thus, no stops or beam dumps are necessar. 

(ii) ~ohtinuous measurement of Tr. Here new techniques have 
. . 

been developed at Fontenay Aux Roses (Mettioli and Popoular) by 

using Ar ion lasers with 100 watts power (useo mubtireflection 

. techniques wZi.th mirrors and 10-watt commercial laser). Thus, it 

appears thatZ.temperature readings can be taken at every sec 

(over a JET-like tokamak lifetime of 1 sec). Another possible 

technique (although no better than the ~ r +  laser) is a 10 kW C02 

laser (Evans ;. .Culham) ; 

(iii) Calculations were presented showing t 11~ lL  abovc I MeV 

temperature felativistic effects will be important in interpreting 

Thomson scateering . . data. For example, at 1 keV an error of 25% 
.,,. . 

is introduced:,. whereas at 2 k e V  an error of 40% could be introduced 

(b) In proposed collective scattering experiments one could 

measure Ti, impurities, and turbulence by using longwavelength 

infrared lasers (c02, CH3F, D20, HCOOH). The ion temperature is 

obtained f rom'.the thermal (assumed) ion acoustic spectrum. For 

ion temperature measurements ofie needs to scatter from ion £ 1 ~ ~ 7  

tuations with'kAd = 1, which for JET parameters corresponds to 

0 0 0.5 to 5 scattering angles (using a C02 laser of A.- R = 10.6~m) . 



The s p a t i a l  r e so lu t ion .may  n o t  be very  good (10-40 c m  a long  t h e  

laser l i g h t ) ,  b u t  one could perhaps  scan i n  two r a d i a l  d i r e c ' t i o n s  

a t  r i g h t  ang le .  One would use  heterodyne d e t e c t i o n  techniques ,  

and p u l s e  powers of some M W ' s  would be necessary ,  depending on t h e  

d e s i r e d  i n t e g r a t i o n  t i m e s .  A t  p r e s e n t  a t  least  two groups 

(Gondalekhar e t  a1 a t  S t u t t g a r t  and Gehre e t  a1 a t  Garchiny) 

have ob ta ined  30-50 kW s i n g l e  mode C 0 2  p u l s e s  by combining a CW 

and a  TEA (pu lsed)  laser i n  t h e  same c a v i t y .  I n  t h e  ca se  of 

molecular  l a s e r s  CH3F ( A Q  = 496pm) appears  t o  be  t h e  most promising 

(MIT,  Culham). Moreover, t h e  s c a t t e r i n g  ang le  f o r  J E T  would be 

30°, g iv ing  good l o c a l i z a t i o n .  However. d e t e c t o r s  a r e  n o t  y e t  

a v a i l a b l e  w i th  s u f f i c i e n t  bandwidth (a l though  they  a r e  being 

developed f a s t  u s ing  Schot tkey d iodes  o r  t h e  Jo,sephson e f f e c t  

t ype  d e t e c t o r s  ( M I T ) ) .  A t  p r e s e n t  t h e  maximum power ob ta ined  wi th  

CH3F i s  about  1 MW pu lsed ,  b u t  many l i n e s  a r e  p r e s e n t .  For 

c o l l e c t i v e  s c a t t e r i n g  it i s  e s s e n t i a l  t o  use  a  s i n g l e  mode l a s e r  

s o  t h a t  heterodyne d e t e c t i o n  may be u t i l i z e d .  Due t o  t h e  f a s t  

development i n  t h i s  f i e l d  it is  hoped t h a t  a  cho ice  could be made 

between C 0 2  o r  CH3F lasers w i t h i n  t h e  nex t  few yea r s .  Such 

s c a t t e r i n g  techniques  could be a l s o  u t i l i z e d  t o  ( a )  measure 

suprathermal  f l u c t u a t i o n s ,  and (b)  o b t a i n  in format ion  about  

i m p u r i t i e s  which would modify t h e  i o n  a c o u s t i c  lin~s. 

3 . ' Wa.v'e-Wa've' :In t e ' rac  t i o n  ih' Plasmas, 

H. Wilhelmsson summarized t h e  prese l l t  s t a t u s  of t heo ry  o f  

non l inea r  wave-wave i n t e r a c t i o n  i n  plasma. F i r s t ,  he  reviewed t h e  

non l inea r  i n t e r a c t i o n  of  coheren t  wav,es, i n c l u d i n g  exp los ive  

i n s t a b i l i t i e s ,  s a t u r a t i o n  due t o  non l inea r  phase s h i f t s  and 



d i s s i p a t i o n .  H e  t h e n  cons idered  s t imu la t ed  Raman and B r i l l o u i n  

s c a t t e r i n g ,  i nc lud i r igbump d e p l e t i o n  and incohe ren t '  pump. A 

numerical  a n a l y s i s  of t h e  problem of t r a n s i t i o n  between a 

c o h e r e n t  wave s t a t e  and a  random phase s t a t e  w a s  a l s o  descr ibed .  

F i n a l l y ,  t h e  process  of non l inea r  wave-par t ic le  i n t e r a c t i o n s  

w a s  d i s c u s s e d  a s  a p o s s i b l e  cand ida t e  f o r  plasma hea t ing .  

. . 

4 .  Pa rame t r i c  I n s t a b i l i t i e s  and Plasma Heating 

M. ~ o r l ~ o l a h  s u m a r i z e d ' t h e  p r e s e n t  s t a t u s  of  exper imental  

r e s e a r c h  concern ing  paramet r ic  i n s t a b i l i t i e s  and r e l a t e d  plasma 

hea t ing .  A comparisorl wlL11 theory was a l so  qiven.  The l i n e a r  

t heo ry  of  pa rame t r i c  i n s t a b i l i t i e s  i s  i n  good agreement wi th  

e x p e r i m e n t a l ' d a t a  i n  a uniform plasma. haw eve^, i n ' a  noni~niform 

plasma t h e r e  i s  s t i l l  no c o n s i s t e n t  exper imenta l  agreement w i th  

t h e  p r e s e n t l y  a v a i l a b l e  WKB t h e o r i e s .  

I t  appea r s  t h a t  t h e o r i e s  w i th  s t r o n g  d e n s i t y  g r a d i e n t s  ( i . e .  

(Vn/n ?. h i 1 ,  where h i s  t h e  wavelength of t h e  i n c i d e n t  c l e c t r o -  
0 

magnetic wave) w i l l  be neces sa ry  t o  d e s c r i b e  t h e  laser p e l l e t  

i n t e r a c t i o n .  Recent microwave experiments i n d i c a t e  (Porkolab 

and coworkers a t  P r ince ton )  t h a t  i n  t h e  prese-nce of  an e x t e r n a l  

magnetic f i e l d '  even wi th  s t r o n g ' d e n s i t y  g r a d i e n t s ,  paramet r ic  

i n s t a b i l i t i e s . a n d  plasma h e a t i n g  a r e  observed.  On t h e  o t h e r  hand, 

i n  t h e  absence of  a magnetic f i e l d  t h e  UCLA group (Wong and 

S t e n z e l )  r e c e n t l y  r e p o r t e d  obseeva t ion  of  l a r g e  d e n s i t y  c a v i t i e s  

nea r  t h e  c r i t i ca l  l a y e r .  The hea t ing  i n  t h e  l a t t e r  experiments 

i s  b e l i e v e d  t d  be  due t o  a c c e l e s a t i o n  by t h e  s t r o n g  l o c a l i z e d  



electric fields. Thus,, further development of the theory of 

soliton formation is of great interest. Experimental verifi- 

cation of the nonlinear saturation theories (of which there are 

few) is still not satisfactory. Finally, it appears that the 

back-scatter instabilities (Raman or Brillouin) may not be 

present during laser-pellet interaction (or if present, the . 

associated reflection of laser power is unimportant). 

5. Diffusion in a D. C. ~a~netic-~ield 

D. C. Montgomery summarized the present status of diffusion 

theories based on the early work of Taylor and Mcqamara and 

Kraichnan, as well as the speaker's own work. These theories 

are based on two-dimensional dissipationless electrostatic guiding 

center motion. The limitations of such theories are still not 

well understood. There is still not much experimental evidence 

to support these th.eories, although two-dimensional computer 

simulations appear to be in satisfactory agreement. The author 

urged experimentalists to set up experiments to check the applica- 

bility of these theories. Interestingly, no mention of the recent 

work at Princeton~(Okuda, Obgrman, .and their coworkers) was made 

by this speaker. 

6. Strona Intekaction of Beams and Plasmas 

V. N 6  1 '3y~uvich  discussed the theory of excitation of strong 

turbulence in plasma by relativistic electron beams (REB). These 

theories are based on the formation of solitons, cavitons and 

spikons. Modulational instabilities due to REB were also 

discussed. The acceleration ot ions to energies larger than 



the beam energy, and heating of plasma by beam-plasma interaction 

and return current was also analyzed. It was pointed out that 
! 

three-dimensional theories are necessary to describe the 

occurrence.of such phenomena in REB or laser-pellet experiments 

(rather than two-dimensional computer simulations) . The author 
, . 

pointed out th,at the plasma state in which solitons, s'pikons and 

cavitons. exist simultaneously may be considered as a new physical 

. state,.i.e. the state of strong Langmuir turbulence. To under- ' 

stand the coP1,eccive i ~~ te r ac t i u l r  af  ni~nh obiect.s is essential to 

the understanding of energy deposition by REB1s and lasers. The 

author believes: that the development oi such t l~eo r i eh  must be hased 

on a statistical approach, and it must be based on three-dimensional 

motion. 

. - . . 

7. Plasma Focus Devices 
. ~ 

. \ 

G. Decker gave an excellent slimmary of the present state of 

plasma focus devices. A new experiment at Frascati using a 

1 MJoule capacitnr bank is expected to be operational s'oon, and 

it is awaited,w'ith great interest. Perhaps as much as'lO i3 

neutrons per shot may be produced in this experiment. The 

speaker believes that while these'devices may be excellent sources 

for neutrons, their use for thermonuclear reactors is in a specu- . . 

lative stage. ~lthough for a 200 "~oule bank one may get 
. . 

break-even, at the . .. present time no official program exists yet 
. . 

in any country to' pursue this appkoach for reactor purposes. 



I n  conclusion,  w e  n o t e t h a t  the i n v i t e d  papers  w i l l  be  

publ ished n e x t  yea r  i n  a s p e c i a l  i s s u e  of  Physica .  Also,  t h e  n e x t  

conference w i l l  be he ld  i n  B e r l i n ,  GDR, 1977. 




