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DIRECT DRIVE FOIL IMPLOSION EXPERIMENTS ON PEGASUS I1
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R. F. Gribble, M. Y P. Hockaday, R. G. Hockaday,
.. 5. Ladish, H. Oona, J. V. Parker, J. S. Shlachter, F. J. Wysockl
Los Alamos National Laboratory. Los Alamos, NM 87544

ABSTRACT

Pegasus 11 is the upgraded version of Pegasus, a pulsed power
machine used in the Los Alamos Above Ground Experiments (AGEX)
program. The goal of the program is to produce an intense (>100 TW)
source of soft x-rays from the thermalization of the KE of a 1 to
10 MJ collapsing plasma source. The radiation pulse should have a
maximum duration of several tens of nanoseconds and will be used in
the study of fusion conditions and material properties. This paper
addresses z-pinch experiments done on a capacitor bank where the
radiating plasma source is formed by an imploding annular aluminum

foil driven by the JxB forces generated by the current flowing
through the foil.
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"ACILITY DESCRIPTION

Pepasus 11 machine parameters include a stored energy of 4.3 MJ
Wt 100 kV, 4 system inductance of 30 nH and current capability of
{15 MA. This quadruples the enerpy of Pegasus [ at this voltage. The
upgrade was nccomplished by replacing the capacitors rated at 10 kJ
stored energy at 60 kV with capacitors rated at 30 kJ at 50 kV. The
new capaclitors have a current capabllity of 250 kA/capacitor and can
stand up to 20% reversal at full charge for a rated lifetime of over
3000 shots. To stay within this voltage reversal specification,
series fuses are employed to shut off the current after peak current.
The bank itself is composed of two halves charged to opposite
polarity. Each half has four modulas with eighteen capacitors each.
The modules are placed around a radial transmission line with the
load in the center of the line (see Fig. 1). Detonator switches that
form an annular aluminum jet that penetrates the polyethylene switch
insulation are used to switch the bank., The facility has been used
in "direct drive" z-pinch implosions of thin aluminum foils, high
magnetic field diffusion experiments, pulse sharpening and switching
experiments using a plasma flow switch, and most recently, in liner

experiments where the load is an aluminum cylinder with a 0.4 mm
thick wall.

EXPERIMENTAL RESULTS

The purpose of the "direct drive" z-pinch implosions s to
experimentaiiy test the theoretical predictions of instabilities and
thelr growth rates and to try various means to suppress these
instabilitices. Direct drive shots also allow us to separately :tudy
foll Imploston dynawmics that would otherwise be possibly hidden in
interacrions buetween the plasma of the toil and the plasma ot the
pulse sharpening switch. 1In the direct drive mode, the bank ls fired
directly Into the foil without employing any switching to sharpen the
driving current puise. The {foll dimensions are typically 2 ¢m In
helght, 5 ¢m {u radius, and 2.5x10° to 7.5x10 > cm In thickness. The
toils are manufactured by evaporating sluminum outo a polyvinyl
aleohol (pva) form. The pva form Iz then dissolved fin a bath of
water leaving the lofl attached to the mounting rings which are
themselvay on an fusertion fixture. Discharging Pegasus directly
Into suecl o load ylelds an baploston time mach less than the guarter
vyele time of the capacttor bank meaning that o relatively small
fracttan of the stoved voergy b avallable to drive the imploston.
Foll lwmplozion times {vom 1.8 to 2.9 ps are obaerved dependiug on the
Toit thickien:y, The qpunter vvele time for Pepasos |owas 4 pn gl
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has led us to using a toil that is suspended by its top mounting ring
onlv. A l-mm gap around the bottom ring is bridged by plasma when
the bank fires. More recent foils have also had a thin parylene
coating o- their iuside surface. This was originally added for
strength in the early experiments. Calculations have shown that
using a 3x thicker foil clan the 2.5x107 cm thickness would result
in a more stable implosion and of course couple more of the bank's
energy into the implosicn. The enhanced stability should actually
give a hotter plasma even with the extra mass. These experiments
were done both on Pegasus 1 and Pegasus I. and are discussed below.
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Flg. ?. Current waveform for a Pegasus Il "dlrect drive" shot.

in Fig. 3, a typlcar array of clectrical Hagnostics 1s shown
for a plasma tlow switch shot. The array ts the same tor a direct
idrive shot except that the number of B-dot probes tfu the coaxiai
reglon of the power {low channel is reduced. Note that B-dot loops
are located tn the load slot at radil both outs de and Inslde of the
toil radius.  blapnmostles Hlelded on the foll tmploslon shots consist
of vurrent and voltape diapnostics went toned above tn Fig. 3 and also
fnctude 4 four clunme! {1tterved bolometer, o tonr channel {Hlterved
XRD arrav, a graciouy, Inehlence spectrometer, o thoe resoived
maltichoaned traeand sston preatbng spectrometer, x-vay plnhole
vinmer s, and Last Duaming, amd o streak camevies ALl dlapnosties that
are vevorded clector ab by hove their sipnats transmtbtted oveyr 1 rhes
aptbe Hoks ro e shilebded seveen room. AL dbapnoxties are oan
bavtery power when the wachbne 1 U hoed tooavold pronnd Toop
problewe. Tl mevfend b havags to cleetvical vonnect tons ba the
wachitue wloen v cn vl el cad T hred b piven ensent fab by o oase
Pest vnte e soeveen voom o bl Fdboge ola che Ay malbne
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Flg. ). Pepasus Il power flow channel.

The lmplosion on Pegasus 11 produced a total radiated energy of
125 kJ as measured by a thin film bolometer. The peak current bhefore
the I-dot reversal, due to the inductive voltage produced by the
implosion, was 4.} MA. The charge voltage on Pegasus I[ was chosen
to match the | -dot on the Pegasus I expariment (i.e., BU kV for
Pegnsus IT vs. 84 kV for l'egasus 1), Fast framing camera photographs
of the actual lmplosion (Fig. 4) show very similar structure for the
two shots mud are in good agrecment with theoretical predictions.
This structure s expected to broader: the radlation pulse when the
Foil stagnates on axis.

The Lraming camera photographs In Flp. 4 above have an exposure
tume ol Ih/7 us with "m0 u: between {rames.  The two vertieal llnes
AV wae Thae v alteinately bottom to top, left to right.  Tho
instabiiitles e s tearly vigtble hy the dbsrovt ben of the Tambunoas
cdpe ol the tnll

Fhe vt b hrered SRD clomnel pave a pulbie wo ho H00 nn The
slpaal heptog o the cavent beptus to "roll over” -see Flp  2) and
peaks neas the conrent mintwm . The L cered XRD hacnels had o FWHM
ot about O ns owith o g le peak on the Yepasus H o shot, o the
fdentbeal Pepases T oshot, vhe XRD stpnals il two peaks, whieh
nullteare two cepavate vwplostons, Thisn was predlieted Ta simnlatfons
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Table I. XRD filters

XRD1 1d6wipi_Au mégg_(l.79% transmission) ““7
YRD? 158 pg/cm® Saran + 20 pg/cm® Ai + 150 lpi SS mesh—w
XRD3 | 600 ug/cm® Al + 150 lpi SS mesh

XRD4 | 400 pg/cm® Mylar + 24 pg/cm® Al + 150 lpi SS mesh

Spectra were obtained on both a grazing incidence and a
transmission grati-.g spectrometer. A calibration problem with the
transmission grating spectrometer at low photon emergies prevents
agreement on a blackbody temperature or on whether the spectrum has a
blackbody shape. The grazing incidence spectrometer data yields a
temperature between 37.5 and 50 eV. A different cutoff filter should
provide a closer estimate of the fitted blackbody temperature.

Figure 6 is the time resolved spectrum from the transmission
grating spectrometer. Intensity is proportional to the energy in a
wavelength interval and the photon energy increases from right to
left (65 eV to 1896 eV). Time is streaked from top to bottom. The
total streak duration is 2 microseconds.

Fig. 6. The time resolved spectrum from the transmission grating
spectrometer

SUMMARY

Diveevt drfve totl faplosion expertmeunts Lhiave been performed on
the Peeanns Tacitity to duvestipgnte the valldity of theoretical
medicarions . Tosdate, the prediction: tave accurately predicted the
tadiae ton ont put onud dnevabibbey prowth fo the foplodiug {oils
Fovtuee ety aoee phivmed vo favest fpate the olfect ol the vatio ol
e poocvbenee vl ckoees o the aluwiwm thiivkuess on the stability ol
e mplosion and to compance these cesabes to pour o aluwinnm Toil
I NI RTTIER e vesalta o dthese veseys wiflb determboe the it
ol sesrnat o Lo oo twpfodings Toged vo e aned withe o pebamone 1 ow
Wi, The ploca tiow cwiteh shontd foe eanse the cuerpy conpled
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