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ABSTRACT

Pegasus 11 {s 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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iy Pepasus 1 capacitor bank facility.



"ACILITY DESCRIPTION

Pepasus I1 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 I at thils voltage. The
upgrade was accomplished by replacing the capacitors rated at 10 kJ
stored energy at 60 kV with capacitors rated at 30 kJ at 50 kV. The
new capacitors have a current capabillity 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 ilmplosions of thin aluminum foils, high
magnetic fleld diffusion experiments, pulse sharpening and switching
experiments using a plasma flow switch, and most recently, in liner
experiments where the load {s an aluminum cylinder with a 0.4 mm
thick wall.

EXPERIMENTAL RESULTS

The purpose of the "direct drive" z-pinch implosions is to
experimentally test the theoretical predictions of Instabilitles and
their growth rates and to try various means to suppress these
instabilities. Direct drive shots also allow us to separately study
foll implosfon dynamics that would otherwise be possibly hidden in
interactions between the plasma of the foil and the plasma ot the
pulse sharpening switch. In the direct drive mode, the bank {s flired
directly Into the foll without employing any switching to sharpen the
driving current pulse. The foll dimensions are typically 2 ¢m in
height, 5 c¢m {n radius, and 2.5x10> to 7.5x10> cm in thickness. The
toils are manufactured by evaporating aluminum onto a polyvinyl
alcohol (pva) form. The pva form iz then dissolved in a bath of
water leaving the foll attached to the mounting ringy which are
themselves on an insertion tixture Discharging Pegasus directly
fnto such a load yields an fmplosion time much less than the quarter
cyele time of the capaclitor bank meaning that a relatively small
traction of the stored enerpy Iy available to drive the implosion.
Foll fmplosion times from 1.8 to 2.5 s are obaerved depending on the
toil thicknes: The quinter cvele time for Pegasas [ owas 4 ps cned
for Pepasus 11 s B s with a statie system Inductance of 10 nl, The
cutrent wavetorm isoshown in Fipo 0 for o Peparas LD “dibrect drfve”
~“hot

Far ey work on Pepacas 1oused o pare alumfnum fofl oS0 " e
in thtcknesss that was weoaresd bath top o and bhottem by steel Pinpgere
Aattached to the torl monnt iy, g Thin confipnration pave o
toanltatton pulase of dhour 00 s in o width with some intereat ing
vty e The dittioabey of mountiny, o tofl tn thin cont fypation



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 inside surface. This was originally added for
strength in the ecarly 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 I 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 typlcat array of electrical dlagnostics Is shown
for a plasma tlow switch shot. The array ls the same tor a direct
drive shot except that the number of B-dot probes in the coaxial
reglon of the power flow channel is reduced. Note that B-dot loops
are located fn the load slot at radil both outs de and inside of the
toil radius, Diapnostics {lelded on the toll Impleosfon shots consist
of current and voltape diapnostics ment foned above in Fiy. 3 and also
include a four channel t{ltered bolometer, a four channel filtered
XRD arrvav, a prazing Incidence spectrometer, a time resoived
miltichonne]l tranumisslon prating spectrometer, x-ray pluhole
cametas, and fast Duaming and streak cameras A1l diapnostles that
are pecorded clectiroally have theit sipnals transmltted over tibey
optte Links to the shitelded sereen room. Al diagnostics ave on
bhattery power when the machine fs thred to avold pround loop
problem. Wi method o having no clectjeal connectlons to the
machine <hen 0 s charperd aud flred has piven easent fally o noarse
ted anto che woreen room o bual Tdiop ot the A madne



PARADAY ROTATTON FIRm

Flg. ). Pegasus Il power flow channel.

The lmplosion on Pegasus 11 produced a total radlated 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
fmplosion, was 4.} MA. The charge voltage on Pegasus [I was chosen
to match the [ -dot on the Pegasus I expariment (l.e., BU kV for
Pepasus IT vs. 84 kV for Pegasus 1), Fast framing camera photographs
of the actual lmplosion (Fig. 4) show very similar structure for the
two shots and are in good agreement with theoretical predictions.
This structure §s expected to broaden the radiatfon pulse when the
foil stagnates on axis.

The framing, camera photographs in Fip. 4 above have an exposure
time of 147 as with 900 ns between trames.  The two vertical lines
AN vanes Thae s altermartely bottom to top, left to right.  The
instabflitles ave clearly visible by the dlstortion of the lumlnous
edpe of the toll

The und { tered XRD channel pave a pulse wo ch o 500 na The
sipnal beging e the canrent beplns to "rall over® see Flp ) and
poeaks neas the corent mintmam. The tHltered XRD hasoels had o FWIHIM
ot about OO0 ux with o angle peak on the Pepasus 11 shot, on the

fdent feal Pepasus Toshot, the XRD signal s had two peaks, which
mndleate two weparate dmplosions, This was predicted in sianlatloos
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L Framing camera photopraphs of a "direct
implosion
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Table I. XRD filters

—— PR

XRD1 | 100 lpi Au mesh (l.79% transmission) i
YRD2 | 158 pgﬁ/tc_;? Saran + 20 pg/cm® AL + 150 1lpi SS mesh—w
¥XRD3 | 600 pg/cm? Al + 150 lpi SS mesh |
XRD4 | 400 pg/cm® Mylar + 24 pg/cm® Al + 150 lpi SS mesh

SNV - ————

Spectra were obtained on both a grazing incidence and a
transmission gratj-.g spectrometer. A calibration problem with the
transmission grating spectrometer at low photon energies 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
Sp(‘(‘! romet ey

SUMMARY

Direct drive fotl fmplosion experiments have been performed on
the Peovasus tacility to investipate the valldity of theoretical
mredicationg. To date, the predictions have accurately predicted the
radiarsion output and instability prowth in the imploding toils
Fature whotys are planned to fnvestipate the effect ot the ratio of
“he parvlene thickness ta the aluminnm thickness on the stability of
he caplosion and to compare these results to par aluminum tofl
arple ctone The resalts o thene tests will determine the beat
contiyanation for oan daploding Toad to be nsed with a plasma { low
Wil The plarama tlow ~witeh whould fne case the enerpy coupled

Cita che toad and produece somore narrow tadiation pulse,
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