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DIRECT DRIVE FOIL IMPLOSION EXPERIMENTS ON PEGASUS II

.J.C. Cachrane, R. R, Bartsch, J. F. 13er%ge, P. R. Forman,
R. F. Gribble, M. Y P. Hockaday, R. G. t?ockaday,

L. s. Ladish, H. Oona, J. V. Parker, J. S. Shlachter, F. J. Wysocki
Los Alamos National Laboratory, ~-asAlamos, 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 dons on a capacitor bdnk 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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‘7ACILITYDESCRIPTION

Pegasus 11 machine parameters include a stored energy uf L.3 MJ
,~t100 kv, a system irtduc~anceof 30 nH and current capability of

15 M. This quadruples the energy of Pegasus I at this volLage. The
lipgrade was accomplished by replacing the capacitors rated at 10 kJ
stored energy at 60 kV with capacitors rated at 30 M at 50 kV. The
new capacitors have a current capability of 250 M/capacitor and can
stand up co 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 ❑odulas with eighteen capacitors each.
The modules are placed around a radial transmission lllwswith 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 pul-po:;(’of the “direcr clrivc” z-pinch implosions is tc,
experlmerltully test (he theoretical predictions of instabilities nnil
their growth r-atos iind [o t ry various means to suppress these
Instabilities. Direct drive shots illso allow us LO separately :;t.udy
toll imploslorl (iynamirs t)lutwould othorwise be possibly hidticn in
il~t(lrilctionsl~(!tvuentllcplusma of the foil and the plasmu ot [hc
pulse sharpening SWILCII. In the direct drive mode, the bank 1s f!red
directly iIILO:.hefoil without employing any switch~.ng to sharpen che
(Irlvinp,current pUIS~. The !’oildimensions are typically ? cm In
hrifiht, ‘I cm [IIrndius, iind 2.5x10-5 to J’.5x1O5 cm In t.hlckness. l-he
toils ilrr mnnu!”nrtllrv(lI)Yrvnpor:ltf[i~ nltmlnum onto n pr)lfvi;lyl
;Ilcotlc)l (pv(i) form. I’hcI)vn~orm i:~rhr:I(ilssolved jn JIhalliof
Wnlrr lenvfng lho foil ilt Lachect t o the mounting rings which nrn
IIlemselvq:!(JIIJ~II[ns~’rr.{(~uf!xtllr[i. DlxrhnrRin~ I’I?EAHUK(iir(?(-t]Y
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has led us to using a foil L’haL is suspended by its top mounting ring
only. A l-nungap around the bottom ring is bridged by plasma when
the hank fires. More recent foils have also had a thin parylene
coating o- their inside surface. This was originally added for
strength in the early experimen~s. Calculations have shown that
using a lx thicker foil Ltan the 2,5x10-5 cm thickness would result
in a more stable implosion and of course couple ❑ore of the bank’s
energy into the impLosicn. The enhanced stability should actually
give a hotter pl~sma even with the extra mass. These experiments
were done both on Pegasus I and Pegasus 1, and are discussed below.
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Table I . XRD filters

.— _____ .—..— -.—. —-— ——. ..-=
XRD1 I 100 lpi AU mesh (1.79% transmission) I.—.. —.

r
__ .—.— ——.—.—___ —. ——

YXtD2 158 pg/cm2 Saran + 20 pg/cm2 Ai + 1.50 lpi SS mesh 1

-==q—”—

_-———

600 ~lg/cm2 Al + 150 lpi SS mesh
.— ———- ——------4

XRD4 I 400 pg\cmL Mylar + 24 Vg/cm2 Al + 150 lpi SS mesh I
.~ .—. —

Spectra were obtained on both a grazing incidence and a
transmission grar.j-igspectrometer. A calibration problem with the
transmission grating spectrometer at low photon energies prevents
agreement on a bl.ackbody 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.

h’i~, 6. The time resolved spectrum from the transmission grating
:;p(’:’!romg,tel
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