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INTRODLECTION
when a ?-pelarized EM wave 1is oblilquely incident on 2 plasma density gra-
dient, linear :onversion t0 E5 waves can occur in the vicinity of the point where

~ = 4 . More crecisely, the IM wave i3 rer

[

ected at the cutor{ point where

~., = = Cos 2, where  is the angle between E:W and .5 Deyond this point the

—

"
()

-

2lectric Cield is5 2vanescent. This evanescent field, directed along THD, zan

ve an 2lecTtrostatic resonance at *he point wnere o = S The evanescant
driver i1s strongly enhanced (typically 100 - 1000x) in this region and the pon-
dermotive Zorce ot the localized electric field can form density cavities. This
field-cavity 2ntizy is what we call 31 cavi<on
n order to study the cavicton in detail it is not necessarvy to use the
linear convers.on 2f =M <o ES waves; one can instead use an oscillating longi-
tudinal driver to simulate the 2vanescent field  Tho advantage of using this
technicue ccmes with the reduction of typical scale lengths. The study of EM
Jrovagation and rerlection requires (in order to avoid finite Zeometry erfscts)
1 chamber large compared to the EM wavelength, whereas the caviton requires a
chamber large compared to the wavelength of an electron plasma wave. It is easy
0 show that iAo = c/¢37:;:iv= 400 for T, = 1 eV. Thus the detailed study

a

OC the zaviton can de done in a small chamber (which is advantageous in terms
37 tonstruction cost and maintenance 2s well as diagnosis) while the ''big
cicture'" Including EM erfects can be studied in a large device.

EXPERIMENTAL ZEVIC

ta

Tnis vear sur experimental work nas Ifocussed on the study or czavitons in
wo dimensions. The c¢ylindrically symmetric device shown in Fig. 1 was con-
structad Sor this studvy. It has several iadvantages over the l-D zapacitor
oiate Ariven svstem usad formerly to study cavitons in one dimension. A pulsed

I xW, HF 722 MH:z} oscillator is connected <o a1 long, cyiindrically symmetric




antennae 2 creduce the plasma. The density gradient in the sxperimental region
is In the radial direction and the c¢oaxial line formed by the central rod and
the chamoer wall can be driven in the TEM mode (£ = 183 MHz) to give a purely
radial driving electric Zield; <this is in contrast to the .-D capagitcr plate
2xperiment wWhere rringing driver rfields in the direction perpendicular to the
density gradient are unavoidable. The cylindricai eometry allows one of the
directions rercendicular 2o the density gradient to close on itself, zhus avoiding
boundary erffects. Finaily, che newly develioped two-dimensional scanning diagnecs-
tic 2lectron beam allows for 3 complete study of the cavitcn's space and time
evolution. The 2lsctron beam is an unperturbing diagneostic with 3 time resoiu-
zion of 9.2 Us and a spatial resclution of approximately one aillimeter. We
nave found it o bYe the best and perhaps the only reliable diagnostic Jor
measuring RF electric fields in a plasma. The beam, which is capable of moving
hoth radially and azimuthally, traverses the chamber axiallv and is modulated
oy the radially localized caviton electric £ield. It then strikes a phosohor-
cocated window and produces an image which depends on the amplitude and direction
of the caviton field. After measuring tihe axially dependencs of the caviton
one can unrold this image data and d¢ :.aine the field values.

A word agout the importance of me.. sing the electric field is in ordew
One might suppose that the shape and size of the caviton electric field could
e inferved Irom the associated density cavities. While this may be valid in
a2 zeneral sense, it has two crucial limitations. First of all, the densitv
zavities £oTM on a much Slower time scale than the caviton eslectric fields:
this i1s simply due <o the fact that ion inerzia is so much Zreater than that

Jf the electTons. For the same reason, density cavities will remain long after




the =2isctric field is zone. Secondly, in order 2o avoid spurious probe measure-
ments one must measure the plasma density prorile only arfter the driving VHF
ourst 1as 2nded  (typically at least 1 us arfter). Thus one is reduced to looking
at density oJroriles that may be significantly changed from those existing 1-2 us
earlier. Thus although one might inZer things about the elsctric field from the
iensity cavities in 2 static situation, one cannot use such a1 method for a de-
tailad analysis of 2 Juickly changing phencmena like the cavizon.

The device is fitted with two sets of magnetic Zield coils. The first set

‘not shown)} c<onsist

w

of large, perpendicularly oriented Heimboltz coils to can-
cel out the Zarth's magneti~ field; this is necessarv in order Zor the e-beam to
Zollow a straight trazjectorv. The second set produces an axial magnetic field
uniform *o within 3% over the experimental area. These coils will allow us to

study upper-nybrid cavitons.

SAPERIMENTAL RESULTS

Figure I shows 2 box diagram of the basic setup for our experiments. An
Argon pslasma 1s producsd by a pulsed HF discharze; at a selected time in the

discharge act

[¢]

rzlow a short (1 - 10 us) VHF pulse (f = 285 MHz, ? < 100 watzs)

’
%5 appliied <o the center electrode of the chamber to act as the driver for the

caviIeons. At selected time within the VHF pulse a short (< 1 us) pulse is

w

applied 3 the electron gun derflection plates. The image produced on the phos-
chorous scrzens oy the electrons gives the amplitude and direction of the cavi-
zon 2leciric field at the selected time and the selected radial and azimuthal
zosition. In addition time resolved demsity proriles are obtained with a mov-
able Langmuir DJrobe and boxcar averager.

Figure 3 shows the maximum magnizude of the caviton =lectric field when the

2xperiment 13 perZormed at various times in the discharge arfterylow. For early
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zimes in the arterglow rhe 2lectron Zemperature 1S 1130 and Transit time Zamping

1d enhancement. As che
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2lectron temperature falls the povulation of tail 2lecirons decreases, thus re-

-

(6%

uciig the damping and increasing sharply the electric field enhancement. The
fall of the electric field at still later times is not well understood at pre-
sent 2ut mav be due to changes in the plasma density scale length. All the
Zollcowing =2xperiments were performed 3t an aftergzlow time of 30 us.

Figure 4 shows a radial scan of the electric field magnitude and its cor-
relation with associated density cavities. A 1 us VUF pulse is used; wnc -u»
race is obtained with the diagnostic electron beam during the VHF pulse. The
Sottom trace is the radial density profile obtained with 3 Langmuir probe sampled
1 .5 after the =n¢ »f the VHF pulse. The dotted line shews the shape or the
t

orofile before the VHF burst is applied. Since there are two points on this

Wogs WO cavitons are formed and the coalesce 3rf the two

~Zormed the large cavity extending from R = 3 - 7 cm. The elsctric field due

-0 the caviton on the left is bevond the range of the 2lectron beam and thus

s not shown.

he time svolution of the caviton fields is shown in Figure 3. A low-

sower, T us long VHF burst is applied and the electron beam 1is used to measure

she field applizude at Zour times within the burst. The initial radial prorile

is seen to have the shape of the well known Airy function. The Airv function

is =he solution to the problem of driving a linear density zradient with a uni-
1

Zorm zump -- the so-called zapacitor plate problem. This is the Iirst Jbservation

>f such in eleczric field ampiitude prorfile: generally the smaller reaks nave

not been Suserved.

\s we look at <he <ime avolution of this profile we notice some small zhanges.




The =2ntire profile is moving to the lart; thils is due to the sontinuing decav of
the plasma density. Cther changes are also evident - changes in amplizude, width,
and spacing of the various peaks. Since the prorile is continually being modified
oy the ponderomotive <orce of the 2lactric field peaks it is not surprising that
the proriles are not exactly the same as that for a linear density gradient.

The zoint hers is that for low-power =xcitation the profiles remain guaiitatively
the same; i large nain peak Zollcowed bv two or zhree smaller peaks occuring Zurther
down the density gradient. This 1s in marked contrast to the field prorfile se-

navior Zor high-power VHF bursts. Figure 5 shows the prorfile svolution Zor a

100 watz; 3 uUs burst. Although the prorfile is initially Airv-like, it quickly
secomes irTegular as the density prorile is strongly mecdified. The associated

density orotile modification is shown in Figure 7, where the density is measured
us 3ft<r the nd o the VHF burst. Through the formation ofF multiple cavities,
the initially smooth and linear density profile tecomes pitted and chaotic.

Jp to this point our data has only shown the one dimensional behavior of
the caviton, all the data having been taken at one acimuthal position (3 = 50°).
rigures 3 and 3 show the Zield amplitude profiles for various acimuthal posictions
aear 3 = 30° <for the case of a high power driver. Figure 8 is taken at t = 1 us
within the VHF burst. It shows that the field profiles are roughly Airy-like

and that nc striking azimuthal dependence =xists; from this we infer that the
iriver and density prorfile initially exhibit no azimuthal dependence. At later
times “t = T us) with the VHF burst, we observe two things (see Figure 9). First
OT ai., <he radial proriles have beccme chaotic as in Figure 6. The solid lines
show that in addition to becoming radially chaotic that some azimuthal variation

nas develoved. The second effect concerns the direction of the electric rfield.

Jp %o *his coint all the measured electric fields have been 2urely radial: :.=.




in the same direction as the driver, 1S one would sxrect. DMow, Rowever, we
cpserve the development of an 2lectric Jield :omponment in the azimuthal direction,
1$ snown v the dotted line. This azimuthal field is comparable in ampliizude o
the radial Zield ind Is localized radizllv and azimuthally.

The observation of this azimuthally-directed field was Juite unexpectad and

L

TOinTts Jut the useruliness of the 2lectron beam diagnostic which can measurs fields
in Toth the radial and azimuthal directions. This phenomena has 1ot teen 2D~
served 2reviousiy and our <ata at the time of this report does not allicw us o

2ake any Ioncliusions ibout Its source although one might infer that It is some-

.

now 3ssociated with the :sxtsnsive density profile modification. We can, at least,
say that the data indicates the useruliness of such a two-dimensional study and
may nave ilmporzant application to critical layer 2henomena in Soth lonostheric

ind laser-peli=t nhysics.

Jersonnel Associated with the Research Effort:

full and oart time students: Dennis Eggleston
Chris Darrow

Support Personnel: G. Neff
7. Wells
Princizal Investigator: Alfred Y. Wong




)

RENCES
A. Y. wWong, '""Electromagnetic Wave Interactions with Inhomogeneous Plasmas’
in Laser Interaction znd Related "lasma Phenomena, “oi. 4B, pp. 733-340,

?lenun fublishing Corp., 1977.
Y. <. Xim, R. L. Stenzel and A. 7, Wong, “hys. Rev. Letz. 33, 386, /1371,
A. Y. wWong, ?. Leung, and D. L. Ezgleston, Phys. Rev. Let=z. 39, 1407 7139777,

3. J. Morales and Y. (. Lee, Ffhys. Rev. Letrz. 33, 1015 1971




=nllowing is the Title and abstract o7 our work terIIrmed uncer
ARCSR Zomtract AF-7F49620-76-C-3011 which was presented it The Amertcan

Shysizal Soclizaty Meeting, 3ostcn, 'fassachuset=s, Novemper LI - 13, 373,

183 esgnantivy innanced flectric Sields :n a “wn-
Di{mensional _dviton.® ). .. Iggieston, .. 3. Jartow, i,
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