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m n t e n s e ,  p-polarized microwaves a r e  incident on an 

mogeneous plasma i n  a cylindrical waveguide, tlicrowaves 
msi nly absarbed by resonant absorption near the c r i t i c a l  

surface (where the plasma frequency, IJ equals the microwa 
pe ' 

frequency, oo) . The 1 ocal ized plasma waves strongly modify 

the plasma density. S t e ~ ~ p l a t e a u  density prof i les  or a 
cavity a re  created depending on the plasma flow speed. Hot 
electron production i s  strongly affected by the microwave 
bandwidth. The hot electron temperature varies as TH=(~o/o)  
As the hot electron temperature decreases w i t h  increasing dr 

-0.25 

iver 
bandwid th ,  the hot electron density increases. This increase 

3/ 2 ) is such t h a t  the heat f lux  in to  the overdense region (@nHTH 

i s  nearly constant. 

. INTRODUCTION 
2 The interaction o f  intense ,, p-pol arized microwaves (Eo/E.?n,kTe, where Eo . 

s the amp1 itude o f  the incident microwave e l e c t r i c  f l e l d )  i s  studied experimental ly.  

easurements were made in the U. C ,  Davis PROMEXHEUS I device. This device 
odels laser  absorption due to  resonant absorption and parametric instabi 1 i t i e s  

and electron heat transport  inhibitidn due t o  ion acoustic turbulence. The 
electrons are  essential  ly  col 1 isionl ess  .(mean-f ree-pa t h  longer than device 
dimensions) so tha t  only col l  ective e f f ec t s  a re  important- The dimensions of 

the  underdense plasma a rc  l e s s  than the microwave wavelength, so t h a t  efectro- 
magnetic i n s t a b i l i t i e s  do not occur. The microwave e l e c t r i c  f i e i d  i s  mainly, 
parallel  t o  the density gradient. Thus, e l ec t ros t a t i c  waves are driven near . . 
the c r i t i c a l  surface, '  resul ti  ng in  electron heating and resonant absorption. 

he ponderomotive force due t o  the waves strongly modifies the plasma density prof i le .  , 

We report measurements of the pondermt ive  force modified density prof i le  and 

he e f f ec t  of bandwidth on the heated electrons.  

XPERIMENTAL DEVICE 

hese experiments were performed using the PRONETHEUS I device. A schematic 

s device i s  shown i n  Fig: 1. A TM mode ( o o / h = l  01 
xcited i n  an evacuated cyl indrical waveguide ( l e f t  chamber). A thin ceramic 

heet confines a discharge plasma t o  the r igh t  chamber b u t  allows f ree  transport 

f the microwaves.. The plasma density increases with distance from the ceramic 
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' 
sh-eet due t o  t h e  nonuniform tungsten f i laments  (cathode) which emit the  ionizing 

< 

o ,. e l e c t r o n s .  Tlie p-polarized microwaves d r ive  e l e c t r o s t a t i c  waves u p  a t  the 
c r i t i c a l  d e n s i t y ,  and e lec t rons  a r e  heated. Host of the heated e lec t rons  a r e  

. . r e f l e c t e d  a t  the  ceramic s h e e t .  The anode ( r i g h t  end of the  chamber) maintains 

the  plasma po ten t i a l  35 V pos i t ive  r e l a t i v e  t o  the  cy l indr ica l  waveguidc.walls.  

Thus, most of the  heated e lec t rons  a r e  r e f l e c t e d  near the cy l indr ica l  wall and 

t r ave l  toward the  anode. This device then models the  c r i t i c a l  region and the  

corona in a  l a s e r ' d r i v e n  p e l l e t .  The argon gas pressure i s  t y p i c a l l y  0 .3  t o  

' 0 , 5  x ~ b r r  (nn!1013 ~ m ' ~ ) ,  t h e  c r i t i c a l  d e n s i t y  nc=l . 8  x 10 l0 ,  and the  
. 

- 2 
i n i t i a l  ( ~ i  t h o i t  microwavei) e l ec t ron  temperature Teo=l . 3  t o  1 . 5  cV ( o r  iDe,l 0  cm) , 
so  t h a t  the  e lec t ron- ion  and e lec t ron-neut ra l  mean-free-path i s  niuch g r e a t e r  

than a 1  1  important lengths ( x e i = i e n ' l  00 cs )  .' The maximulii microwave power 

avai 1 ab le  i s  12 kW, vitiich corresponds t.o v O S / v e o ~ l  (vos=eEo/niw0). The microwaves 

a r e  pulsed with a  pulse length which i s  s h o r t  enough so t h a t  the  microwaves or  

, t h e  heated e l e c t r o n s  do not cause s i g n i f i c a n t  ioniza t ion  of the  neu t ra l  gas 

. (~,~!10 psec (o r  'l,,l~pi5240) a t  low power 'and ~,,,:2 psec a t  very high power). 

. Tiny (d r iDe)  coaxial Langmuir a r e  u s e d t o  measure the  plasma dens i ty .  
.. . . 

Thus, the  plasma dens i ty  cannot change s i g n i f i c a n t l y .  The dens i ty  i s  measured 

a  shor t .  time ( ~ 0 . 5  p s e c )  a f t e r  the  microwaves a r e  turned o f f ,  so t h e  niicrowaves 

do not  a f f e c t  t h e  'measurement. One-sided,,  planar Langmuir probes a r e  used t o  
. . 

' 

measure the  heated e lec t ron  energy d i s t r i b u t i o n  in  the  overdense reg ion .  

I  I I .  PLASMA DENSITY P R O F I L E S  

We have measured the  i n t e r a c t i o n  of p-polarized microc~aves with an inhomogeneous 

,. plasma in space and time. The plasma dens i ty  p r o f i l e s  a r e  given i n  Fig. 2  a s  

a  function of microwave poicier, Po. The measurements a r e  niade a f t e r  the  microwave 
4  pulse h a s  been on long enough (w,etz3 x 10 ) so t h a t  apparently asyniptotic 

p r o f i l e s  a r e '  measured. The dens i ty  i s  s t rong ly  modified near  the c r i t i c a l  
. . 

su r face .  The dens i ty  g rad ien t  s c a l e  1  ength,  L=-[(dri/dx)/n]-I , decreases with 

Po ( r i g .  2 ( a ) - ( c ) , ) .  The step-plateau-1 i  ke dens i ty  p r o f i l e  i s  observed (F ig .  2 ( c )  
. . . . 

gives  50 f o r  the  sca le  l e n g t h ) .  ~ h &  s c a l e  i e n g t h  i n i r e a s e s  with Po f o r  high 

. microwave. powers (Po>O. 2 k ! s l ) .  The s c a l e  length agrees very c l o s e l y  with the  
. sca l  ing 1 aw derived from simulat ion ca lcu la t ions .  f o r  the  weak power regime and does 

2 not agree rlith the  simulat ion r e s u l t s  . fo r  the  s t r o r ~ y  power regime, where strong 

thermal e l e c t r o n  heat ing i s  observed (F ig .  3 ) .  
4 No cav i ty  i s  observed a f t e r  long times i n t o  the  pulse ( W  t = 3  x 10 ) except 

Pe 
f o r  ver; low power microwave i r r i d i a t i o n 3 .  Hou!ever, the  dens i ty  p r o f i l e  i s  q u i t e  

d i f f e r e n t  frorn the  above r e s u l t s ,  and a  .narrow a n d  deep c a v i t y  i s  produced even 

f o r  in tense  liiicrowave i r r a d i a t i o n  erlien the  flow speed i s  c l o s e  t o  the  sound speed. 



* 
. .,' Fig. 4 g ives  t h e  time evolu t ion  of t h e  plasma dens i ty  p r o f i l e .  The width and t h e  

4 

, depth of t h e  c a v i t y  grow with time. The width i s  as  sniall a s  10 hDe, and ttie 
4  '. depty ,  An/n, i s  about  0.45 a t  w t = 3  x 10 . A high frequency f i e l d  i s  observed pe 

t o  be trapped in  t h e  c a v i t y .  . ... 

. IV. FINITE BANDNIDTH EFFECTS ON E L E C T R O N '  H E A T I N G  

We have used a  sol id  s t a t e  amp1 i f i e r  t o  produce a  broadband d r i v e r  (AW/W:. 01 ) . . 
at '1.2 GHz. b l e  have measured the  hot  e l e c t r o n  production from resonant  abso rp t ion .  

' 

More than one hundred samples a r e  co l l .ec ted  and averaged using a  computerized 

(.LSI-11) da t a  ,acquis.iti.o"n system.   he r e s u l t s  a r e  presented in Fig.  5 .  The hot 

e l e c t r o n  temperatur& ( T i )  decreases  with A W  ( so l  id c i r c l e s  in  Fig. 5 ) ,  while  t h e  

hot e l e c t r o n ' d e n s i  t y  (nk,) i nc reases  .with Aw (open c i r c l e s ) .  The hot e l e c t r o n  
. . 

temperature inc reases  v i  t h  bandwidth of t h e  microwaves a s  THa(~w/w)  -0.25. T h e  

3 / 2 )  i s  nea r ly  c o n s t a n t .  We hot d e n s i t y  i n c r e a s e s  so t h a t  t h e  h e a t ' f l u x  ( Q y t g t l  

a l s o  observed t h a t  t h e  absorbed microwave power i s  nea r ly  cons tant  a s  a  funct ion  

of bandwidth. 

V.  CONCLUSION 
In conclus ion ,  Me f i n d  . t ha t  t h e  plasma flow v e l o c i t y  i s  i~npor t an t  in  . 

' determining t h e  plasma d e n s i t y  p r o f i l e  near  the  c r i t i c a l  su r face .  P r o f i l e s  

o t h e r  than t h e  usual s tep-p la teau  a r e  observed a t  higher flow speeds. We a l s o  ' 

- f i n d  t h a t  d r i v e r  bandwidth s t ronb ly  a f f e c t s  t h e  heater1 e l  ec.tr,on temperature due 

t o  resonant  abso rp t ion .  We f i n d  t h a t  l't,= ( h w l w )  
4  '0 '25 .  This  e f f e c t  may allow 

.. d r i v e r s  t o  be chosen t o  1  illlit t he  production of sup)-athel-mal e l e c t r o n s .  
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F i g .  1 S c h e m a t i c  d i a g r a m  o f  
a p p a r a t u s .  

P O S I T I O N  (cm) 
. . 

F i g .  2 Plasma d e n s i t y  p r o f i l e s :  
a )  Po=lO1.J; b )  401.1; c )  160W; 
d )  200W; e )  2kW. 

F i g .  3 D e n s i t y  s c a l e  l e n g t h  v s .  Po. 
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~ i g :  4 Time e v o l u t i o n  o f  p lasma 

d e n s i t y  p r o f i l e .  Po=lkW. 
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F i g .  5 Hot e l e c t r o n  t e m p e r a t u r e  and  1 
d e n s i t y  v s .  microwave  band- 
w i d t h .  Po=200W. 




