,rlq Y 4\, , La - &0
[l .
" LA-6397-MS

Informal Report Uc-20
Reporting Date: August 1976

Issued: August 1976
|

Plasma Experiments on the Scylla I-C Theta Pinch

by
Kenneth F. McKenna
(’
loss/\valamos
\ scientitic laboratory

of the University of California
LOS ALAMOS, NEW MEXICO B7545

An Alirmative Action/Equal Opportunity Employer

N

s

UNITED STATES
ENERGY RESEANCH AND DEVELOPMENT ADMINISTRATION
CONTRACT W-740B3-ENG. 36




Printed in the United States of Amecrica. Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161
Price: Printed Copy $3.50 Microfiche $2.25

This report was pregared an an scveunt of work spenserrd
by the United States (covernment. Neither the 1nited sm..
nor the United Niatrs Energy Research aid Dovelopment

ion, sur sns othIr o-.l-y-n sor ans of their u\.
Ry

their mukes
. flp‘f‘ﬂlx mpbd F SINUMES ARY lﬁnl IuNIm :’

any infsrmalion. apparatus, .n‘url u’v-'eu disclesed. or
regresegin thul iin use wauld net infringe privately ewned

rights.




PLASMA EXPERIMENTS OX THE SCYLIA I~ THETA PINCH

by

3 siviion of 4oy | ‘
Henneih F. Mceana - .mmw-:

ABSTRACT

Soylls 1=C I5 & small scale (lemeter) rezearch theta plnch
developed for the experimental investigstion of busic plasmk

physics processes and advanced concepLs.

The properiles and

atability cherscteristics of the Seylls I-C plazma, over & range
of inltial Fill preszure from 100-500 s=Torr U, are dizcuzted in

this report.

INTRODUCTION
The Seylla I=C linear thetn pinch vss conastructed

i.

in order 1o provide n versatile resemrch instrument Lo
supplement the larger, less fiexible theta-pinch pros
srans. Smal) scale research studies and the experi-
mentsl investigstion of adeanced concepts are carried
out on Scylla leC in order to provide basic physics
information and diagnostic development for the present
and Tature sain thecaspineh efforte.

The Seylin 1-0 theta ploch ia presently belng
uaed bn sonjusction uith o high energy {+ 180 J) o,
Inger Lo study the interaction of axislly direcies
Inser Light with the dfmﬁe ("o A 10” es‘3 } thetas
pinei plasmn J:ulw.l'”& The resuita of the lsaere
plasss Isteraction experiment will be presented in on
iater report. In the present report, the propersies
and ctebility characteristics of the high density
Seyiia [-C plasma are siscussed; esperiments were
eonducted aver a range of Fill pres:fa:e-es: Crom 100

» .
400 wTory D.. In o companion paper” the remuits of
s fevestigaticon of plaimn endeless Tres the Seylls

10 plansa column nre prejented.
EXPERTMENTAL ARRRHGEMENT AHD DIAGUASTICS

The geometry, =nergy storage capabilities, and
electrienl cirvult parnmeters of the Seylia l=C

It.

theta pinch vere deternined from optimizallon studive

intended to produce 4 densc (“e 2 10" c-'s). lov
~ 50 e¥). A schematic of the

temperature plasma (‘i‘(,

thete plach iz shown in Flg., i, Scylin I, cone
structed from Beyllac components, hss A muxisum capse
citor anergy storage of 175 RJ st 60=kV primary bank
voltnge, Fiftyefour 1.5-uF sapscitors feed the 100«
em long, i0.Sech diameter sliagles~turn compression
Primary bank operation at GU &V generates s
vacum E, of 0.26 xV/en &t the inner wall of the
3,6ecm §.4, Auariz diccharge tube and s peRk crove
bareed coRpresszien ficld of 33 kG fo obtained 2.0 ueo
The iarge coil dimmeler,
in comparizon with the discharge tube diameser, vaz
used in order lo oblain an effactive crowdse oF the

cofl.

after discharge inmitiation.

maks Sield dfachurge. Unlegs sthermise sgted, the
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with G0-nfforr pressure, io presented in Flg. 3.
Spatinl integration of the reduced density profiles
fndicnted that Yor the M0U-pTarr Fill pressure cage,
S8 of she 1) gws was lonized by the time the
pinched plastn column hed expended to Lhe discharge
tube wall. Por 500-sTorr #i}] pressure, sbout 208
of the gus wax fonized at this time, ¢ ¥ 2 us, The
prizary bank discharge was (npitiated 1€ us after the
predonisation discharge.
V. FHEIORIGATION ARD MAIR DISCUASCE PLALWA SPECTHA

DY priswry concers whes using & Sepltach prelon=
fratics systen {o whe introduction of inpuritien,
frof thi electemion, 6% che sain Sizcharge plasma.
T pdentiry inpucities in the plwsms, ke individunl
spertruss o the prelaniation and main digcharge
pinstn werd INEen with an enteon viewing {through
quartt winfowa} Rileer paarts prion Spectrograph.
Bpeeten wore obtaiued with the 1.3ea¥ therneninet
greinniontiion spaten and the Je=pinch spsten vitk
Hoawpedat (858 ¥, €% Ns, % Ou) eleviepdes,

T apernra of e prelonlontien dischurges

shown in Fig, S wns sbiniesd sy 200-mTore PE3) press
The donicant spesiral ines observed wré fros

R,

1=1.258

InterSerngrwn of the prelonisation plsows

e, %
shrained witd 100-aTerr Till pressure.

the deuterium Balmer geries. The remaining identi-
fled linea are from excited carbon jons. No indica-
tion of 2=pinch electrode materisl line radistion can
be found; the spectirum obtained with the theta-pinch
preionization systes (s practically indistinguishable
from that recorded with the Z-pinch systes.

Spectra of the main plusma discharge gt UO=kV
prisary bank voltage and 100-aTorr Till pressure sre
presentes in Flg. 5. These data vere ieken with the
2ana prelonization gysteas ss the resulis shown in
Fig. L. Other than the Balmer seriss, the identifi-
able lines result from carbon {on radiation. As in
the ¢ase of the prelonizetion plasma spectrs, impurity
radiation frok the Z=pinth electrode saterial cannnt
be {dentified. Accordingly, the Z-pinch preloniza-
tion systen doew not introduce undesiradle perturbdbing
affects intc the zain discharge plsszsa resulting Trom
impurity contamination.

T AT A by

Specirur of the Scylis I-C prelonization
discharge.

Fig. &,

Spectrim of the Seyila 1-C main plesas

Flg. 5.
discharge.




V. PLASMA COLUMN LUMINOSITY MEASUREMENTS

Streak camera photographs of the Scylla I-C
prirary discharge plasma column vere made with the
Igacon capera viewing the plasms side~on at the theta-
winch coil midplane. Figure 6a presents typical
streak photographs at various camera sweep rates for
100-mTore rill pressure. The slight bow evident on
the streaks is not & plasma etfect hut results from
disruption of the camera unit due to {t5 close prox-
imity to the theta-pinch coil and thus the primary
Qischarge magnetic fields.

The dynamics of the plasma during the implosioun
and plasma column formation phase can be clearly
identified from the fast sweep rate streake where the
initial radial shock wave and subsequent plasma oscil~
lations are observed. The radial oscillations damp
ocur approximately 1.3 us after termination of the
inplmsion. High frequency plasma oscillations have
previously been observed +5 in high density (?o > 100
rTory) thetae=pinch operation at the termination of

13 71N

Aus

LIFES

fi, Visious Strear. Camary Swoep Rates
100 m 1000 Fiti Prygane

Fig. 6.
itial tneta-pinch i1l pressures.

h

the initisl implosion. In this plasma regime, they
are identifiedh as radial hydromngnetic oscillations
of a cylindrical annulus of compressed plasma trapped
between external and internal fields; such an annulus
has been observed from end-on interferograms. Pheno-
menologically, at primary bank initiation the rapidly
rising external magnetic field penetrate¢s the pre-
ionized gas before the current sheath is completely
deveioped and this field, whicit has leaked into the
gas, is subsequently trapped and compressed by the
imploding current sheath. At the termination of the
initiai implosion the plasma ls contained within the
annulus separating the external and compressed in-
ternal fields and oscillates about an equilibrium
radius.

Assuming all the initial fill gas is swept up
during the implosion, the equation of motion of the
plasma ennulus can be solvedh yielding an cscillation

period given by

100 ml0srr

220 miore

IS0 =T

§60 2T

B

b. Various 0, Fill Prevure;

Stresk photographs of the Scylla I<C plasma column ohtained at different camera sweep rates and In-
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to'enzw/tz (1)

vhere N is the line density of ions of mass B in the
annulus, end B is the external magnetic field. Con-
sidering the 100~-mTorr fill pressure case, the period
of the first oscillation, after the implosion, is
about 220 ns and the average external magnetic field
strength over this time interval ~ 13 kG. With this
value of magnetic field and ¥ = nwb° = 7.1 x 10

co™l (b is the discharge tube radius), Eq. (1) pre-
dicts an oscillation period of 235 ns, in very gocd
agreement with the experimental result. The experiment~
ally cobserved periods of the twe successive oscilla~-
tions are 160 and 130 na respectively und the cor-
responding anslytical values are 150 and 100 as.,
Accordingly, it does appear that the radial oscilla-
tions of the dense plasma column observed in Scylla
1-C are consistent with the theory of field trapping
during the implosion phase.

Damping of the radial oscillations can be at-
tributed to resistive rield diffusion through the
plasma. Neglecting convective effects, the diffusjon
equation can be written in one dimension as

2 2
B L 3B,

= (2)
3t Lmo ax?

wvhere ¢ is the plasma conditctivity and x is the co-
ordinate perperdiculur to B, The one-dimensionul
approximation overestimutes the diffusion time since
diffusion occurs more rapidly in cylindrical geometry.
The characteristic time over which the magnetic field

i ffuses is, from Eq. (2),

(3)

where the difrusion lenpth scale, L, can be tuten as

half the plasma rodjus L = rp/?. From Spitaoru the

plasna conductivity §s piven by

3/0

1k Te
n Q *

0=1.8x10 {4)

vhere 'l'e is in eV. The electron teaperature, Te'

at the end of the implosion can be estimated by
adapting a snowplow model for the implosion dynamics.
In this model the ions are assumed to gain egual
kinetic and thermal energies during the implosion
while the electrons retain their initial preloniza-
tion temperature; ohmic heating of the electrons is
assumed small. At the termination of the implosion
the jons rapidly transfer energy to the eljectrons,
viga collisions, until temperature equilibratior. is
obtained. The ion energy at the ernd of the implosicn
is then 3/2 kT = 2(1/2 mivf). where Vs is the inward
Estimating the pinch

T 330 s

M b/Lp.

radial velocity of the ions.
time from the streak photographs to be t
{again for P, =100 mTorr) and taking vy
the kinetic tesperature of the ions before energy

equipartition with the electrons is approximately L0
eV,
tron temperature is about 20 eV.
time of the radial oscillations the plasma {3 com~

Thus, after tesperature equilibration the elec-
Over the damping

pressed by the rising main msgnetic field so that

the electron temperature will increase over this time
interval. Using the 20-eV electron temperature es=
timated above will thus set a lower limit on the cal-
culated magnetic field diffusion time. Taking

th Q= 8, T, = 20 eV and L 0.6 em {obtained from
end-on interferograms to be diszcussoed}, the estimeted
diftusion time is about 2.5 us, in reasonuble sgree-
ment with the observed damping time of the oscilla-
tions, 1.3 us.

From the streak photographs of Fig. 6, the come
pressed plusmn column is observed to he highly stable
and reproducible for a period of approximately 8.5 us;
after this time un m=2 jnetability is observed.

The time required for an Alfvén wave to propagate

rom the thetu-pinch ends to the midplane s about
equal to the onset time of the =2 instability, indi-
cating that the instability may be a result of plas-
s rotation induced by end-shorting of the plasma
radinl eleciric rields.’® The plasma column stobile
ity characteristics remain the same over a wide
range of initianl 1ill pressures (100-500 mTorr) as
demonstrated in Fig. 6b.

VI. PLASMA DENSITY MEASUREMENTS
The time and spatial evolution of the main dis~
charge plasma denzity distribution was determined

with the ruby laser interferometer in non end-onsingle-

S




pass configuration. Figure 7 pr s a time seq

of plasma column interferograms obtained for 100-mTorr
fill pressure. The straight background fringe pate
tern was generated on each interferogram by a small
angular deviation of the scene beam introduced be=
tveen exposures taken with and without plasmu.

Plasma electron refractivity results in displacereat
of the background fringes. with one fringe displace-
zent corresponding to a change in f “e‘"' of

17

Afnedl = 3.24 x 10'7 electrons en™? . (5)

Each interferogram of Fig. T was obtained from a sep-

arate plasma discharge and the entire 3.8-cm dismeter
of the discharge tube was illuminated by the inter-
ferometer laser light.

The plasma column formation phase (t1=0.5 us,
Fig. 7) is dominated by high m-number (m>6} flutea,
with come of the flutes extending f'rom the plaswa
column to the discharge tube wull. The annular dis-
tribution of plasma density, previcusly indicated to
be a result of wrapped magnetic fields, iz observed
durlng the early stages of the coluan formation
phase, At lates times, the plasma ioges its annular
structure through Tield diffusion, the rlutes disap-
penr, and u well coufined high density plasma column
is observed for several microsesonds. The beginning

Fig. 7. Time sequence of plusma column interfercgrams obtained at 100-mTorr fill pressure.



of the plasma column breakup and filamentation (me2)
is evidenced av t 2 8.5 us.

Figure 8a presents a plasma column interferogram
teken at t = 2.7 us for a f£ill pressure of 300 mTorr
and {s typical of the high 7ill pressure data. The
plasma electron density profile, derived from the in-
terferogram of Fig. 8a i3 shown in Fig. 8b. The
density profile deviates from a Gaussian, exhibiting
a long tall which, at high fill pressures, extends to
the discharge tube wvall. Extracting exeact plasma
profiles from the interferograms tsken at f{ll pres-
sures greater than 300 aTorr is difficult due to
the large number of closely spaced fringes. At
Po = 500 mTorr the total mumber of fringes was s 17
at. saximum coepression, t = 2.0 ys. The peak density
on axis could be estimated from simple fringe count-
ing and the peak density determined fiom the end-on

a)

>

e
—

b)

os}

ELECTRON DENSITY (10’7 em®)
L §

(2]

TUBE RADWUS (cm)

Plasma colunn interferogram and reduced
density profile for Po = 300 mTorr, t =
2.7 us.

Fig. 8.

interferograms at 500 mTorr agreed vithin 20% with
the values derived from a limited number of side-on
interfercgrans.

From the analysis of many interferograms, the
average plasma density at maximums compression,

t = 2.0 us, vas estimated to be & 1.1 X 10°7 cu”
P, = 100 wTorr, ~ 2.5 x 1017 ca™> at P_ = 250 wforr,
ana 2.3 x 1017 ca™3 at S00-aforr £i11. Spatial in-
tegration over the reduced density profiles obtained
st 100-mTorr and 250-mTorr £i11, indicated that all
of the fill gas was ilonized and contained within the
observable plesma density distribution at the time of
maximum compression; only 70% ionization and contein-
mént wvas indicated from both end-on and side-on data
at Po = 500 aTorr.

In an attempt to generate a density minimum on
the plasma column axiz, and thus provide a "1ight
pipe" for the co,‘, lager beam in the laser-plasma in-
teractlion txperilent,l a forvard biss field wvas
applied. The bias field had a quarter cycle time of
approximately Z3 us and a megnitude cf * 1.8 kG at
the time of pr-imary bank initiation.

End-on interferograms taken at t = 1.0 us with
and vithout the applied bias field, for 100-aTorr
1111 pressure are presented in Fig. 9. A well de-
fined density minimum on axis results when the bias
field is evplied. Density minimums could not be
identified for rill pressures greater than 300 aTorr.
At 100-mTorr fill, the minimum persists for a period
of approximately 3 us, its duration being limited by
magnetic field diffusion. An estimate of the plasma
column temperature can be made from the known dif-
fusion time and the plasme rediel dimensions deter-
mined from the interfergram of Fig. 9b. Solving for
T, by combining Zgs. (3) and (L), and teking T,,,, =
3 us, rp/? 2 0.45 cm, and tn @ = 8, an electron tem-
perature of about 13 eV is determined for the ob=
served plasms at t = 1 us. Comparing this value
with the estimated electron temperature at the end
ot the implosion T, = 20 eV at tp = 0.3 ps, obtained
vithout forward bias for P = 100 aTorr, indicates
that the bias field significantly reduces the elec-
tron temperature. Such a result is expected since
the presence of the bias rield decreases the inward
radial velocity of the ions during the implosion
thus decreasing the total ion energy at the termina-
tion of the implosion phase. In addition to a drop

3lt

-1



ir. electron temperature, the peak plasma density de-
creases when the bies field is applied; at ¢ = } ks,
ne-; 1 x 10*7 en™3 without bias and ng 3 0.6 x 10%7
em - with bias, assuming a plasma column length of
100 cm. Since the nain magnetic field, B, is inde-
pendent of applied bias and 2nkT, = BBelﬁﬂ, in the
Scylla I-C plasma, the plasme 8 also decreases sige
nificantly when the bias field is applied.

VII. PLASMA EXCLUDED FLUX MEASUREMENTS

The effective radius Fors at which magnetic flux
is excluded from the compressed plausma was determined
from diamagnetic loopeprobe measurements. The ex--
cluded flux data, wken appropriately combined with
the known plasma density distribution, are used to
determine the plasma B (ratio of plasma pressure to
magnetic field pressure}. From the B measurement an

b) with Bias Field

Fig. 9. Plasma column interferograms taken with
and without an applied bias field.

estimate of the plasma kinetic temperature can bde
obtained.

The diamsgnetic lcopeprobe system consists of
two closely spaced, magnetic pick-ups. A small
magnetic probe (NA + 0.3 c-2) measures the changing
magnetic flux just outside the discharge tude and,
since the probe area is fixed, the integrated signal
gives the magnetic field axternal to the plasma. A
single-turn loop encircling the discharge tube re-~
sponds to the changing magnetic flux inside the dis-
charge tube and therefore measures the magnetic flux
excluded by the plasma. The signals from the loop
and probe are nulled in the abseiice of plasma by means
of a passive differencing circuit. The integrated
difference signal is divide¢ by the integrated probe
sigial to give the net flux excluded by the plasma.
From this measurement the effective cross~sectional
area of plasma from which magnetic flux is completely
excluded can be determined. The diamagnetic loop-
probe system was calibrated with a copper rod of
known diameter which was inserted into the discherge
tube and simulates the plasma columa.

Four loop-probe systems were arranged along the
axis of the discharge tube. Oaly the results obtain-
ed from the system located at the coil midplane will
be discussed here; the axial variation of excluded
flux is detailed in the companion report> which dis-
cusses the Scylla I-> end-loss exneriments. The ex-
cluded flux radius derived from the loop-probe data
taken at the coil midplane with 100-mTorr fill
pressure is presented in Fig. 10. The implosion
phase, damped oscillation phase and quiescent plasma
column phase observed in the streak photographs can
also be jdentified from the time hiatory of the ex-
cluded flux radius. The excluded [lux data of Vig.

10 are typical of those obtained at higher fill pres-
sues. The relatively constant minimum value of reff'
0.22 cm, between \ 1.5 and % 2.5 us is nearly Snsen-
sitive to fill pressure, changing only 15¥% between
100-mTorr £i11 (0.22 cm) and 50C-mTorr fill (0.19 cm).

VIII. DETERMINATIOR OF PLASMA B
From the definitions of excluded flux and the
pressurza balance equation it can be shmmg that the

area of excluded flux, #r is related to the plasma

2
eff?
8 through the expression

i ARSI IR o (RSN




""irr -f [1-/1-3!r5]2lrdr . (6)
°

Assuming that the plusms temperature is independent
»f redius, presgure bulance ylelds

nir
Blr) = -},:’- By * )

uhere s, and B, are the plasms density and B on axis.
For 4 Gaussian density distridution, substitution of
Eq. {7) 1nto Eq. {6) ylelds an exmct colution ror 8,
as a funcrion of Torr and ithe l/e plasma radius. For
a nen-Gaussisn profile such as shown ia Fig. &b,
n(r)r‘n“ must be determined graphically and the rosult
substituted invo Eq. {6} which can then be numericale
ly integrated to determine BA.
For the Scylla I-C density profilies st maximum

compression, t = 2,0 us, the 8A detesmined by numer-

(L

it lem)

os |

Excluded flux radius obtained at 100
mTorr fill pressure.

Fig. 10.

ical techniques were: BA = 0.Lb with P, = 100 wicrr
and BA # 0.33 vith F_ = 250 wTorr. The value of BA
ottaiided assuming & Geussian density profile and
calculating the 1/e radiusz using the peak density
value vere: 8, = 0.63 for 100-aTorr 111 and B, =
0.37 for 250-aTorr fill. The difference betwveen the
BA determined nuaerically and that calculated assum-
ing & Gausaian profile decreases as the fill prescure
increases, being v 290% at 100 mTorr and 11% at 250
wTorr. The convergence of the BA values genersted by
the two techniques indicates that the density pro-
files more closely approximate a Gaussiun shape as
the €i11 pressure is increased. Assuming that the
profile at Po = 500 aTorr is Gaussian, the calcuiated
BA is then = 0.17.

1X. DETERMINATION OF PLASMA ELECTRON TEMPERATURE
The compressed plassa temperature is determined
fros the measured values of plasma density on axis
"A‘ the measured external sagnetic field B, and the
calculated values of BA' From pressure balence,

z

142
Bagm = nAl'.('reO‘Pi) . {8)

In the high density plesma column the thermal equili-
bretion time between alectrons cnd ions is small

{<< 1 ps) so that k(’l‘eﬂ‘i) * 2kT,. The plasma elec-
tron temperature can then be determined directly from
Eq. (8).

X. SCYLLA I-C PLASMA PARAMETERS AND SCALING

Figure 11 summarizes the Scylls I-C plasaa para-
meters n, Te. and ﬂA obtained et maximum compression
over the investigated range cf fill pressure, Po,
from 100 mTorr to 500 mTorr. The error bars displayed
on the plasma density data reflect the assumed un=-
certainty in the data reduction and indicate the er-
ror associsted with the calculated valus of 'I'e and BA‘

With the large variation in plasma B olserved
over Lhe investigated range of fill pressures, it is
difficult to analytically derive expressions vhich
predict the scaling of the plesma parameters with fill
pressure. lowever, empirical relations can be ob-
tained trom the data presented in Fig. 11. Accord-
inglv, in the Seylla I-C theta pinch with constant
discharge tube uand coil diameters and constant Ee

and B, the plasm: temperature T, = T, a P;l, the



Plasma deneity n, a Pi/ 2 and the Plasaa 8, o P;3/ 5,
at the tiae of magnetic field maximum, t = 2.0 us.

XI. PLASMA PARAMETERS WITH A 5-CM DIAMETER THETA-

PINCH COIL

The previously discussed plasma experiments
were conducted with a 10.5-cm dlameter theta-pinch
coll. In order to investigate the plasma parimeters
at a higher initial Ey and pesk magnetic field
strength, the coil diameter was reduced to 5 cm. A
iess effective crowbar of the main field waa obtain-
ed with the smaller diameter coil and only the
plasma properties at peak field, prior to crowbar
initiation, will be discussed here. The experiments
were carried out at LO-kV primary bank voltage which
produced a peak field of U6 kG, with a quarter cycle
time of 1.4 us, and an initial Eg of 0.bé kV/cm at
the discharge tube inner wall.

Plasma interferograms, obtained wita the 5-cm
diameter 20il, showed physical features identical to
those taken with larger bore ccil; the plasma for-
mation phase exhibited ‘flute-like instabilities which
disappeared in about 1 us.
well defined and of high 3density.
density on axis wes estimated, for 100-mTorr fill
pressure data, from fringe counting. At fill pres=-
sures above 100 mTorr the plasina density was too high

The plasma column was
The peak plasma

to be resolved by the end-on interferogrems. For

106-mTorr fill, the peak plasma density L 1.5 %

sxo7 - sor - 08

"e EY Ba

s s

L I 7]

mo"'- ior : , ) , -1 O
0 K0 200 300 400 500 600

£,{mTORR)

Seylla I-C plasma parameters at the

Fig. 11.
time of maximum compression, t = 2.0 us.

10

1007 cn™3 at t & 1.1 us, slightly prior to peak field.
The plasme BA was determined as discussed above and
found to obtein a peak value of ~ 0.63. The plasma
temperature, estimated from pressure balance, ob-
tained e maxirmum vailue of ™~ 100 eV &t t * 1.1 us.
Assuming that the plesms parameters scale in the same
manner in both theta-pinch coils, & peak density cf
3.2 % 1017,vith a corresponding electron temperature
of 17 eV and BA of 0.2h is indicated for the 500-mTorr
fill pressure case.

In the Scylla I-C laser-plasma experimentl the
inverse bremsstrahlung absorption length, g'éb’ is
e fundamental parameter. For 002 laser radiation

2

ap C21 be expressed as

1.03 x 1035(Te)3/2

2 =
ab 2 3/2
n, 2n(1.39 Te)
n, 1/2 e
x[2 - em , ]
10%?

where n, is in cm-3 and 'I'e in eV. Considering the
100-mTorr fill pressure data, the absorption length
for the plasma paremeters obtained with the 10.5-cm
diameter coil, 9‘ab = 612 em, is slightly smaller than
that indicated for the S5-cm dismeter coil, g‘ab = 657
em; at 500-mTorr fill pressure R'ab 2 14 cm for both
coil configurations. Accordingly, in the Scylla I-C
theta pinch significant changes in the inverse
bremsstrahlung absorption length could not be pro-
duced by reducing the theta-pinch coil diameter; al-
though higher densities are generated in the smaller
diameter coil, the increased initial Ee results in

"higher plasma column temperatures end since 2’ab a

'1‘2/ 2/ni the absorption length is not significantly
altered by decreasing the coil diameter.
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