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Position Diagnostics for a Magnetic-Pinch
Imploding Cylinder X-Ray Generator

J. U. Seagrave, C. W. Woods, and L. A. Jones

University of Californtia, Los Alamos Nattonal Laboratory
P. 0. Box 1663, MS~-455, Los Alamos, New Mexico 87545

Abstract

Two diagnostic systems have been developed to assess the position and shape of a cylin-
drical imploding plasma sheath x-ray source. Both systems employ batteries of inexpenstve
nitrogen lascers. For measurement of the cylinder radius, etght 75-uJ, 1.2-ns (FWHM) ni-
trogen lasers provide a sertes of narrow beams displaced parallel to the cylinder
diameter, As the plasma implodes over a 2-ys pertod, these position-sampling lasers are
fired in sequence at times expected to result in parttal shadowing. The 2-cm wide beams
strike a posttion-sensitive detector made up of a helical fiber-optic delay line of 2-mm
pttch and 4-ns delay/turn. The ciad plastic fiber ts doped with Rhodamine B at the points
where the 337.1-nm laser beams strike, and the fluorescent red flashes propagate alonj the
optical delay line in both directions to avalanche photodiodes. One signal {s dispiayed
on & 5~MHz vertical raster; the other is displayed on four turns of a 2-MHz spiral sweep.
The envelopes of both pulse trains are displayed on a conventional dual-beam scope. The
nitrogen lasers are aligned axtally and displaced radtally by a system of wmirrors. To
assess the symmetry of the implosion, another battery of four nitrogen lasers ts used to
provide paraxtally displaced multipie-image pinhole schliteren pictures.

Introduction

For the dtagnostic instrumentation of an imploding cylindrical plasma intended as 4 pro-
totype for a high-intensity flash x-ray source, two systems have been developed which
emp loy batteries of tnexpensive 1.2-ns (FWHM) nitrogen lasers fired in sequence during the
~ 2~us period of the implosion. Four pinhole-schlteren paraxial photographs are taken,
and eight radial profiles are obtained using a novel position-sensitive detector based on
a fluorescent plastic-fiber optical delay line.

Nitrogen lasers

The aitrogen lasers are patterned after the lasers built by E. tergncnn} they work on
the princtiple of amplified spontaneous emission with no optical! cavity. The lasers con-
sist of two aluminum electrodes of 1/2" thickness and 8" length with vartable separation
resting on a 1/16" thick double-sided printed circutt (PC) board. The upper half of the
PC board is stripped of copper between the electrodes and a 1 megohs resistor is used teo
tie the electrodes together. The bottom o/ the board {s left intact and grounded whtle
the upper half of the board is charged to 10 ~ 15 kV. Nitrogen 1s {introduced between the
electrodes and allowed to esrape at atmospheric pressure from the end of the channel
formad by the electrodes, tre PC bosrd and a dielectric cover. Nitrogen flow ts approx-
imately 2 scfh. 7To fire the lasers a triggered spark gap {s used to switch the upper part
of the printed ctrcutt board to the lower, grounded part at an extreme end of the board.
The PC board then acts as a Blumletin circuit and an EM wave is launched from the spark gap
toward the eleztrody. When this wave reiches the near electrode it 1s reflected by the
high {impedence between the electrodes end twice the charge voltage appears across the
electrodes; this triggers a short-lived discharge between the electrodes. (lectrode gag
spacing and wedge angle must be sot appropriately to get a clean blue-white discharge. If
no optics are used, light {3 wumitted from both ends of the ele~trode gap. For tincreased
energy output, with slight degredation in (he pulse width, a mirror may be added at one
end of the gap. Addition of a properly aligned mi-ror also dramaticelly reduces the di-
vergence. he energy output of the lasers we have built is approximately 30 uJ at each
end, without the mirror, and 75 uyJ with the mirror; gain on the second pass is thus ob.
served. A cylindrical mirror (o « 70 cm) was used on the eight-laser system to produce
the desired 2.cm length at 2 m from the laser.

Radial Position Sampling

yardware

The bastic scheme for radial posttion sampling ts {llustrated in Figure 1. The tnitial
dismeter of the aluminized plastic fotl which forms the plasma !s 14 cm. UWhen a high-
current pulse vaporizes it, a magnetic-pinch tmplosion is inittated. This chotce t{s based
on prtior work? at the Air Force Weapons Laboratory (AFWL) at Kkirtland Air Force Base in
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Figure 1. Simplified sketch of the position-sensitive radial shadowmeter. Etght
broad nitrogen laser beawns are displaced parallel to a diameter of the initial

fotl, and are fired in sequence as the fotl implodes. The portions of the beams
which are not obscured by the plasma strike multiple turns of a plastic fiber spiral
delay line. Fluorescent light bursts originating at the points struck travel in
both directions down the fiber to avalanche photodtiodes.

Abuquerque, NM. Eight nitrogen laser beams are constrained to diverge to about 2 cm in
the radial direction, and are focused by a guartz cylindrical lens to about 2 mm in the
axial direction at thy postition of the detector. These eight beams overlap in space, with
their centers displaced by 1 cm over a radial span (at the plasma) of about 8 cm. After
inftiatton of the discharge, the lasers are fired in sequence at times indicated by previ-
ous experience so that the beams are partislly intercepted by the moving plasma boundary.

Thr position-sensitive detector consists of a spiral of PIFAX3 PIR-140 clad plastic-
fiber opt.cal cabie stripped at the points of laser incidence, and coated with a
fluorescent red lacquer cortaining a soft écrylic binder in & solvent mixture developed in
connection with Gary E. Mueller This formuiation avoided excessive attenuation from
1ight leakage Jue to solvent atrack on the fluorocarbon cladding and the acrylic fiber
core. Inttial studies used Rhqdemire B (practical) dye, but better resulty were later
obtatned with Laser-qrade dyes Rhodamine 610, Rhodamine 640, and LD-~700. The best
results maximized the product of a) fluorescent conversion .f 337.l-nm UV light from the
laser to 600 ~ 700-nm light from tne dye, b) ccupling efficiency into the fibor core for
the red light, c) trensmission of the red |ight through the fiber delay line, and d) the
spcctrsl response of the stlicon divude. This technique was developed aftei observing that
CROFON? fiber fluoresced at 480 » 50 nm. fhe sttenuation in that fiber {s excessive for
our present application.

The O.3-mm bare fibers are supported at =~ 2-mwm spacing by asluminized brass 1/2"-13
screws which also support -~ 2-mm diameter quartz rods which focus the incident UV light on
the fibers. Fortly turns provide position sensing with 2-mm resclutfon over the 8-cm span
of the laser beams. The - Z2-cm swath of each laser beam thus generates » train of up to

ten optical pulses in the red dye emission band. These propagate in both directtons to
avalanche photndicdes which convert the 2ptical pulses to electrical pulses.



The optical pulses exhibit the 0.5-ns rise of the laser pulses, but decay with about a
10-ns time constant. After electrical conversion in the avalanche photodiodes, the sig-
nals are clipped to a width of 2 ns at the 10 percent level by a combination of broad-band
180° splitters and combiners® with about a 1-ns delay in the opposite-polarity line.
Because of broadening due to dispersion in the fiber, the delay per turn was chosen to be
4 ns to insure adequate resolution at the far ends. For a total delay of i6C ns with a
nominal co~e index of n = 1.49, this resulted in an active length of - 33 m and a
full-length attenuation factor of 0.2. An f{nterference filter of bandwidth 4 nm and
attenuation of 0.25 is placed in front of the detector spiral to discriminate against the
cxpected blackbody radirtion from the = S-eV plasma. A 3-mm slit corresponding to the fo-
cused beam provides additional spatial discrimination.

B. Display
Three methods of display are being employed as indicated schematically in Figure 2.
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Figure 2. Electrical schematic of pulse conditioning
cence of a plasiic fiber delay 'ine excited by 337.1
APD - avalanchr photo diode;

PA = power amplifier; DBM ~ double-balanced mixer.

and displav of signals from fluores-
nm Yight from nitrogen lasers. Key:

AT = 50-ohm attenuator; 0 = delay; FG

= function generator;



A 5-MHz z13-zag verttcal raster is obtained by gating a 5-MHz trtangular functtion gener-
ator for a 2-ys period while mixing 2 2-ys ramp with the data signals from the outer end
of the delay line for display on the vertical axis of a Tektronix 7904 oscilloscope; the
horizontal plates are driven in push-pull by a pair of 3-W 300-MHz power amplifiers. The
signal from t.e other end of the delay line is displayed on four turns of a 2-MHz spiral
sweep using a Tektronix 7109 oscilloscope in x-y mode. The "idle* horizontal timebase
unit ts triggered to provide 2-us ramp and gate signals which are combined to modulate a
2-MHz oscillator. This signal s applied to_a 900 splitter® and the two outputs are
applied to a pair of double-balanced mixers® whose control ports are presented with
fdentical splittings of the data signal. This results in a sptral sweep, radially modu-

lated by the signal Finally, splittings of both signals are sent to a conventional
Tektronix 7844 -am osctlloscupe which displays the envelopes of the two signal
tratns. This r« ..ant three-way system i{s employed because the available trigger signal

s uncertain i1 absolute time by * 50 ns. The more accurate linear raster risks wrap-
around confusion at the vertices; the spiral sweep 1s nonlinear and less accurate, but is
insensitive to trigger timing. The dual-beam display cannot follow the fine-structure of
the pulse trains, but s free of distortion due to the trtgger uncertainty,

Figure 3 offers a sketch of the raster display of the signal from the outer end of the
delay line, while Figure 4 offers a sketch of the spiral display of the correponding sig-
na! from the inner end of the delay line. The sketches {indicate the same hypotrhetical
case, including the effect of attenuation and the number of clear and parcially-obscured
pulses.
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rigure 3. Sketch of stgnals from the outer Figure 4, Sketch of signals from
end of the positton-sensitive spiral detec the inner end of the postttion-
tor, displayed on a 5 MHz vertical raster. sensitive spiral detector, displayed

radtally on a 2 MHZz sptia) sweep.
Iv. Paraxtal Schlieren Photography

Tre transverse shadowgraphic technique described above provides {information about the
radial position of the outside of the plasma as a function of time along a selected
radius. To assess the symmetry of the implosinon, paraxtal pinhole-schlieren photographs

are taken of the inside boundary of the plasma at four times tindependent of the radia)
probe times.

A schematic of the schlieren scheme is shown in Figure 5. The four pictures are angu-
larly multiplexad onto a single plece of film using a four-pinhole array and one lens,.
The distances L) and Ls are chosen so that the plasma s imaged onto the film plane.
This gitves a sharp sha ow?raph. The laser light {s focused at the pinhole, while the
plasma 1light {s not -- glving some discrimination of the laser light over the plasma
light. In order to separate the images of the four beams a low magnification of 1/5 is
ised. This still gives a resolution at the plasma of better than one millimeter.
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Figure 5. Elementary optical diagram of components for schlieren shhadowgraphy.
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