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Absiract

The Pioneer 1 sories of imploding plasma
experiments are aimed at collapsing a thin aluminum
foll with a multimegampere, submicrosecond electrical
pulse produced by an explosive flux compression
generatur and fast plasma compression apening
switch. Anticipated experimental conditions are
bounded by implosion velocities of 2x10/ am/s and
maxioum plasma temperatures of 100 eV. A compre-
hensive array of diagnosticshave been deployed to
measure implosion symmetry (gated microchannel plate
array and nther time-resolved imaging), temperature
of the impioding plasma (visible/uv spectroscopy),
stagnation geomecry (x-ray pinhole imaging),
radiation emission characteristics at pinch (XRD's,
fast bolometry), and electrical drive history
{Rogowski loops, Faraday rotation current detectors,

switch Vg, the lcad current [ and the voltage
across the load V.

Currents Ig, Is, [ and their
tive dI/dt were measured using Rogowski loops.
Voltage Vg was obtained by means of current
measurement through a 5.2 k0 CuSO4 resistor connec-
ted across the transmission plates. This voltage is
also measured by using an integrated dv/dt probe with
signal transmitted through a fiber optic data link,
The opening switch resistance 1s calculated from
Rg = (Vg - L dIg/dt)/1s. Faraday rotation
current sensors were also used to measure 1. The
principle of operation of this current sensor f{s
based on the faraday effect in a single mode fiber.
The Faraday effect {s a magnetically induced rotation
of the plane cf polarization of linearly polarized

time deriva-

and capazitive  voltage  probes). Diagnostic light, This rotation is measured by placing the
performance is discussed and preliminary results fiber between polarizers (which is typically oriented
ars prasented. for minimum transmission at zero current). The
transmitted light is then monitored by a photociode.
Introduction
L Flg. 2 shows the electrical characteristics of
The Ploneer 1 serfes is a set of Integrated the shot Piloneer I[-2. Of the 5.6 KA from the

experiments where an active inductive storage driver

generator, about 1.9 MA was transferred to the load
is used to implode an wultra-thin current carrying

cylindrical metallic foll, which becomes heated into ST ___l.<l--<__l TT T VT T T
a plasma, The plasma s imploded toward the P \ \\ PIONEER [-2
cylindrical axis by the JxB forces. The goal is to ] el \

obtain an intense source of soft x-rays from the
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thermalization of plasma kinetic energy when pinch on
axis occurs (Ref. 1, 2 and 3).

In order to characterize such an experiment, one
needs to diagnose the driver performance and power
flow as well as the implodiug foll plasma. In this
paper, we report on the vsarious diagnostics which
were flelded for the experments.

CURRENT (MA)
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-
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4
Orfver and Power Flow Dlagnostics . o 3
The active inductive storage diiver consists 5
mainly of an explonive flux compression generator and s
a Fast plasma compression opening switch, connected
by an integral transmission line to the load. A
clreyit diageam of the system is shown in Fig, |. e
The electrical performance of the systom s obtained
by measuring qgenerator current  l,,  the opening
switch current g, the vollage acrdss the opening “
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in 0.8 us, which was sufficient to implode the Al
fail load. The load voltage and currenL traces were
used to obtain the inductance as a function of time,
which in turn prevides a estimate of the time
history of the plasma radius and therefore gives
implosion velocity and peak compression ratio.

Plasma Diagnostics

Since the generator and the opening switch are
both driven by high explosives, the target chamber
and most of the diagnostics bolted on to the target
(load) chamber do not survive the Dblast.
Consequently, some of the diagnostics are of the
“disposabl.” type.

The load is a thin Al foil mounted in the target
chamber., T7ygpical foil dimensions are 2 cm high, 6 om
in diameter and -~200 nm thick., There are three
phases of the foll implosion process, namely,
fnitiation, run-in and thermalization. Diagnostics
for these phases consist of a filtered x-ray diode
array, a bolometer, visible or uv photodiodes, a

visible/uv spectrometer, time-resolved visible
imaging, and x-ray pinhole imaging.
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Fig. 1 Lxpected XD signals divided by the ostm-

ated emttting source area as a tonction of
source temperature,

the XRD arvay consiuted of towr uv/x-ray diodes,
cach diode with a 71 am® A} cathade and a 90
percent -Lransoitting mesh anode, some coversd with a
filter, 1he channel filters and enerqy rapges are:
1) o tilter, 1.2 A6 eV, 2) 200 wa/em’ of Al,
3. 2ev, 3) 192 ugfem of AL on a4 71,4
||(_|ICIII? golypropolmw subsirate, 11 26 oV, and 4)
16 wgfem ot Al on a 431 ug/um’ Mylar  sub
strate, 1A . 30 ov.  An applled voltage of 1 kV way
usad acrass a 127 mmogap. Resposse tor the dlades
are show In I'ig. J. A Lyplcal signal of a channel
rasponse Is shawn I g, 4,

The bolometer conststed of a 1 oym thick alumfnum
vesistive olement monted on a vacium pipe 2 omo fron
the dmploding load rofl,  The balometer Iy Lo Do

bd.

Fig. 4 Signal from XRD channel 4, for Pioneer [-2.
Vertical axis: 5 V/div, horizontal axis:
500 ns/div. The negative fiducial began

at a reference time of 76,32 us.

blased with 42 A about 50 ys before critical events
in the shot so that when the Al clement was heated
by source radiation its temperature and resistance
would change in a predictable way. The bolometer
integrates over all photon encrgies from 6 eV to
1 keV, with reduced rasponses above 1 keV. Its
response time {s about 3 ns and the energy sensi-
tivity at 2 m is =0.18 V/kJ sphere. No daia are yet
available for this diagnostic.

The visible photodiode detector was used to look
at the center of the chamber for light associated
with the initiation or implosion of the load foil and
obtain shot-to-shot light intensity levels to ald us
in  developlng the  imaging diagnostic  fllms.
Photodetectors with $-20 response, filtered with ND
filters, dare placcd ~60 cm fram the center of the
load chamber so that it views the entire foil. A
typical signal shown in Fig. 5, Is obtaired by using
an FW-128 (EG&G) photodiode with an ND-2 filter.

Stgnal from the vistble diade, Tor Ploneesr
-5, Vertical axis: % Vydlv, horizontal
axdn: 800 nsZdiv,  The negalive fiduc tal
bogan at a relorence Dime of 2000 o,

Viathle spoctroscopy can reveal the nature of the
plasma  from the charge state of the Al {ons. |In
addition 1L can provide a rough  ostimate of  the
plasma  temperalure Crom masuraonts of line ratiy
and - fran the  continua  spectrum, Yhe  prosent
contlguration uses a 600 line por il limetor yrating
ol Ao obiorve enission In the 20 te 9% mm roglon
with a rewolution of | pm, e (o1l was focused by



means of a 15.2 cm telescope mirror (with 1.22 m
focal length) and a second flat mirror on to a slit
(10 um wide and 0.75 om long). The foil was focused
along the entire length so that 1-D imaging was
possible, A
connects the experiment to the spectrometer. Data
obtained so far indicate that insufficient spectral
resolution and coplous background radiation made the
identification of exact atomic transitions quite
difficult. Also, curve-fitting a blackbody spectrum
to the measured continuum would require absolute
calibrations of the spectrometer and f{Iim response.
Work on all these aspects are still in progress.Ffig.6
shows the spectrum recorded on Pioneer [-2,
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The spectrum cocorded by the visiblo wpogt
vameter tor Pioneer |2 The apper portion
shows the spoctrum and the correospanding
densitometer tvace,  Hhe lower port fon shows
the kevpton caltbeatfon spedcteam and 1Ly
densttometer trace,  Vortical  axiy glves,
the specyl o dons iy, hortontal axds gives
the wayelongth tn Angs teoms,

1ight tight tube filled with helium-

Axial and radial time-resolved visible
wera obtained by wusing an [macon camera
four-chennel gated microchannel-plate camera.

images
and a

A schematic for the Imacon framing camera setup
is shown in Fig, 7. Tha camera views the foil along
its axis, An 89 mm aperture f/12 Questar telescope
collected the 1light raflected from two wmirrors
outside and one inside the diagnostics bunker. The
view was partly obscured by the 13-hale screen which
formed the upper electrode, a similar plate below the
foll allowed the camera to look down into the
chamber. A framing record is shown in Fig. 3, where
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Fiq. 7

Imacon framing camera setup for axial view
of imuloding foildl,

10 frames were shot, cach lasting 40 ns witn an Inter-
frame time of 170 ns, The objective of this medsure-
ment was to observe carly emission from the initiation,
this {4 seen beginning from frame 2, No optical filt-
ering way used In this cxample, so when the light int-
enaity increased siqnificantly, the excessive light
intensity caused distortion and shrinking of the imaqe
(frames 4 (o 10}, this distortion can be aliminated
by more aptical attenuation.

v rvaming vocord abtained by the lmacon
vaming camera for Mopeer Y1,



Radial imaging was obtained by wusing a
four-channel gated wmicrochannel-plate camera. A
28 cm aperture, f/10 telescope focused at the foil
from ~25 m by using two mirrors outside the bunker.
Only 10 cm of the 28 cm aperture of the telescope was
used as a result of the 15 om diameter reflecting
mirror being tilted at =45 to relay the image
through an 18 cm diameter porthole. Fig. 9 shows a
schematic of the setup. The output beam from the
telescope is split five ways, four into the “4-eyes"
(four gated micro-channel plates) via pellicle beam
splitters. The fifth channel was a time-integrated
channel which usec a 35 mm SLR camera without a
lens. The gains of all channels were set by in situ
calibration, and neutral density filters were then

used to match and balance the gains of all channels.
FOiL LOAD

——— i —————— oy

Fig. 9 Schematic of the "4-eyes" (4 gated micro-
channel-plate camera) setup for radial view
of imploding foil.

Fig.10a An implosion record of the fotl load ub-
tained by "1-ayes", for Moneer -2, irame
1 to 4 begins with lower left image,
arogressing  clockwise,  Bright patches on
trames |oand 4 are damage spots on micro-
channel-plates. The axis of the fo 1 load
Is parallel to the conductor vanes, ieen in
each frame as darvk stripos,

The gate-open times as well as the (interframe times
could be sct to any dosired values. An cxample of a
framing rocord s showm in Fig.10. In this case, the
gqate open tlmes wore all sat to be 12 ns.  An
implosion of the foil can be seen from the vislble
comission In the first three frames; the 4th frame
triggered before the pinch occuvred (the implosion
velocity was slewnr than expected), but since this
channel was sec at a higher (-20 oV) threshold,
mothing was recorded, Ihis  situatlon will e
remucdied by using an x-ray diode siqnal to trigger

the 4th channel which will record the implosion. The
parallel 1lines, 8.7 ma apart, are the conducter
vanes. Some structures can be seen on the surface of
the plasma in frame 2 and these mdy be the beginnings
of hydro-instabilities. This will be further
investigated. Also, the time-integrated channel
recorded no bright emission line on the center axisy
this could mean that during the implosion some colder
plasma may have been left behind that is opague to
visible 1ight. This suggests that x-ray imaging is
strongly desirable.

Fig.10b A record of the fifth (time integrated)
channel of "4-eses", obtained for Pioneer
[-2. This channel racords visible emiss-
ion from the foil for all phases: init-
iation, run in and implosion. Dark lines
are conductor vanes, spaced 8.7 mm apart.

X-ray imaging diagnostics consist of using three
time integrated x-ray pinhole cameras, both for
radial and axis view of the foll, flitered
differently to obtain hard uv or Al K-line at -1.56
keV, The foil implosions are at present too cold to
produce measurable x-rays fn the few hundred eV (soft
x-ray) reglon. A time-integrated uv/x-ray imaging
dlagnostics was made by using a filtered pinhole and
an  x-ray-to-light converter where the Images are
formed, and then using the "4-eyes®™ as the recording
device, This diagnostic has been completed and is
ready for testing.

Conclus lons

In the Pioncer [ series of experiments we have
demonstrated that almost all the diagnostics required

for measuring driver characteristics and plasma
implosion have been successfully flelded, some
ylelding better data than others. Work is  in
progress to sharpen the resolution and improve the

performance of each diagnostic, and implement new
diagnostics a3 the parameter range of the experiment
Increases.
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