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P. H. Y. Lee, R. F. Benjamin, J. H. Brownell. O. J. Erickson,
J. H. 6oforth. A. E. Gr@@ne, J. S. McGurn, J. F. Pecos,

R. H. Price, d. Oorm, J. L. Reisy, R. M. Stringfleld.
R. J. Trainer, L. R. Veeser, A. H. Uillldms

LOS Al amos National Laboratory
LOS Aldmos, New ~XtCO 87545

Abstract. .—

The Pioneer I series of Imploding plasma
experixn?nts are aimed at CO I lapslng a thin aluminum
foil xith a ~ltifr~g~pere, submicrosecasd electrical
PU 1se pro~~ced by an explosive flux c~ression
gener~tur and fast plmse comprfislon opening
Sdltcilm Anticipated experimental

!
cond tions are

bounded by implosion velocities of 2x1O a/s and
nMxirnmv plasma temperatures of 100 eVi A ccqsre-
hensi ve anay of diagnostics have been deployed to
measure implos icm s-try (gated microchannel plate
array and nther time-resolved imaqing), tewerature
of t Fe imploding plasma (visible/uv spectroscopy),
stagnation (x-ray pinhole imaging),
radiatitn emi~s%tr~haracter istics at pinch (XRO’S,
fast bolwtry), and electrical drive history
(Rogowsk i Imps, Faraday rotation current detectors,
and capa:ltive vol tags probes ). Diagnostic
performance is di scu.ssed and Prel imif$arY results
ars prssented.

Intrcdluctlon-—

The Pioneer I series is a set of integrated
experiments where an active inductive storage driver
is usd to implode an ultra-thin current carrying
cylindrical metallic foil, wh Ich becomes heated into
a p\dSlnd, The plasma is imploded toward the
cyl indrical axis by the Jxfi forces. The goal is to
obtain an intense swrc~ %f soft x-rays frmn the
therms llzation of plasma kinetic energy when pinch on
dXf S Occurs (dcf. 1, ? and ]).

[n order to Characterize such dn Cxperinmrvt, one
needs to diagnose the drlvcr purformdncc and power
flow ds well ds the implodllq foil plasma. [n this
paper, we report on the Iarlous diagnostics which
tmre fielded for the cxpermcnts.

Driver And Pow FIM 111.?qnostlcs.— ----- ------- . .. —-- ----- ------

The act i ve induct I vc storage dI Ivcr Collslsts
mdl n) y of an {!xpio$, Ivc f Iux conprcss IU!l gmlcrdtor dnd
d fast oldsrna mmprrss Ion open Ing 5wI Lch, con~t!ctcd
by an Irvtqrdl tr~nsml$~lrxl I Inu to ttw! Io,id. A
clrr.uit lildgf’wn of llw systum is $hwll III t: lg. I .
Tho clrctrlcal P@rfotmmwx! of Lho fystwn It oljtalnwl
by !su,tsuring qoncrator currtwt

,,c: ‘& ‘::0 ;;g, ::::sw”itch current 1$, the VOI ldq~ .

I iq, I Cl ul I (Illlqram o; l,lw PIIIIII-- I . I .v - I, d.

,,1 (11.401, ,Irl ”,! , ,\t\t: ;,,,,,

switch Vs, the Ibdd current IL and the voltage
across the load VL.

Currents IG, 1s, IL and their time deriva-
tive dI/dt were maasured using Roqowski Imps .
Voltage Vs was obtained by mans of current
wasursmnt thrasgh a 5.2 ktl CUS04 resistor connec-
ted across the transmissi~ plates. This voltage is
dlso m?asurad by using an integrated dV/dt probe with
signal transmitted through a fiber optic data link.
The opening switch resistance is calculated from
Rs - (Vs - L dIS/dt)/IS. Fareday rotation
cument sensors Wre also used to m?asure IL. The
principle of operatim of this current sensor is
based as the Faraday eff~t in a single node fiber.
The Faraday effect is a magnetically Induced rotation
of the plane cf polarization of linearly poldrized
light. This rotatitm is measured by placing the
fiber between polarizers (which is typically oriented
for mininsun transmission at zero current). The
trdnsmi tted I ight is then msl tored by a photoc’iode.

Fig. 2 shows the electrical characteristics of
the shot Pioneer 1-2. Of the 5.6 W frcxn the
generator, about 1.9 HA was transferred to the load
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in 0.8 MS, which was sufficient to Implode the Al
roll lodd. The lodd VOI tage and currenl traces were
used to Obttin the Inductance as d function of tin@,
tilch 1ss turn prcvides m estimate of the time
history of the plasma radius md therefore gives
lWIOSIM velocity and peak compressims ratio.

pldSM OidgnOSti CS

Since the generator and the opening switch we
both driven by high explosives. the tdrget chmber
and most of the diagnostics bol ted cm to the target
(load) ch-r do not surv i ve the bldst.
Consequently, mm? of the diagnostics dre o? the
‘disposdbl+m type.

The lodd is a thin Al foil amunted in the target
ch~er. 7YPicdi foil dimensions are 2 cm high, 6 cm
!n diaak?ter and ‘2C0 mm thick. There are three
phases of the foil implosion pl-ocess, namely,
initiation, run-in ~d theravilization. Diagnostics
for these phases consist of a filtered x-ray diode
array, d bolometer, visible or uv photodiodes, a
visible/uv spectruneter, tire-resolved visible
imaging, and x-ray pinhole imaging.

I{W(IMlunl Ml

I 1[). i Iipl’(lr(l W) ‘.llllld i”. (iivl(iv(i hy 1111, o’:1 1111-

,ltlvi Not t t 111(1 ‘.0111’( I* ,11.1,,1 ,1!s J I 1111( I I 011 III

., OIII’(:0 I.t-filil(,l’!l lilr[!,

iiw Nl[) ,11’1’a~ cl)lHI’. hUl,Of 1o111” W/K.l’hy dlodo$,
each (ilodo wltil n 71 mm’ Ai cnthmio nn(i a W
Nrc.onl .lrwmltl.inq MIIIII wA?, $UIIW (x)vwmi wiLh M
fi itor, ltw channoi fil L(!r$ and mu!rqy rqlqot m’:
i) W fiitl!r, i,l II, fIoV 7) ?011 llq/l:m~ of Ail
3.J i? ov, .)) 19,/ IIq/Cm;’ of Al on d /1,4

Ib,,,,,cmyiy::’’i’o’’’”” ,,,,,.,,,.Al.,,
lll#Ou?

Al on a Mi’ ,~jl(,m~fi~~i,tl~’(’~,ll)
ttrllto, in M W. AH appilod voitaqv of i kV wa$
ust!d m:r(vi~ fi i,;]/ nml Ilhf)m Ihhpoll’,o for liw tlimio$

aro $IWIWI ill i“lq. 1, A (Vllicrnl +Iynal 0( a chfltwml
re9pollW 1$ “.11(HI Ill I Iq. 4.

Fig. 4 Signal from XRD Chdnnel II, for Pioneer I-2.
Verticdl axis: 5 V/div, horizontal aKis:
500 nsldiv. The negative fiducial begdn
at a reference time of 76,32 ils.

bidsed with 42 A about 50 VS before critical evPnts
in the shr,t so that when the Al element was heated
bv source radiation its temf)erature and resistance
w;uld change in a predictable way. The bolomcter
integrates over all photon energies trmn 6 ev to
I keV, with reduced responses dbOVe I KCV. Its
response time is dbOUL 3 ns and the energy scns~-
tivity dt 2 m is ‘0.18 v/kJ sphere. No dala are yet
dVdildtS]f2 fOr this diagnostic.

The visible photodiodc detector wds used to Icmk
at the ccntcr of the chdmller for iight associated
with the initiation or implosion of the ioad foil and
obtain shut-to-shot light intensity icvcls to aid us
i 11 developing the imaging diagnostic films.
Photodetectors with S-20 rcsijtisc, fiitcrcd witil NO
fliters, drc pl~cod ’60 cm ft’on the center of tile
load chamber so that it views the cntir@ foil. A
tyl)icai siqnai shown in Fig. 5, is obtaincti by using
an tW-l?8 (EG&G) piwstodlodo uith an NO-2 filh~.
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means of d 15.2 cm tel SSCOPe mirrOr (with 1.22 n
focal length) and d second flat mirror on to a slit
(10 MIX wide and 0.75 cm long). The fOil was focused
along the entire length so that I-O imaging was
possible. A light tight tube filled with heliu”
connects tne experinmt to the spectrometer. Oath
obtained w far indicate that insufficient spectral
~esolution and copious background radiatla made the
identification of exact atomic transitions quite
difficult. Also, curve-fitting a blackbody spectrum
to the reas Jred continuum wuld require absolute
calibrations of the spectrometer and film response.
uork M all these aspects are still in progress .Fig.6
shows the s~ectrum recorded on Pioneer I-2,
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Axial and radial tim-resolvd visible images
were obtained by using an IMCm c~ra md ●
four-chtnnel gated ●icrochannel-plata c-a.

A schemdt ic for the Imacon f rai ng cart setup
is shorn in Fig. 1. Tha camera views the foil along
its axis. An 89 ma aperture f/12 I)uest.sr telescope
collacted the Ilght raflected frm two mirrors
outside and tie inside the diagnostics bunker. The
viw was partly obscured by the 13-hole screen which
fornt?d the upper electrode, a similar plate below the
foil allmed tha camera to look dom Into the
chamber. A fr&xi,lg record iS Mcun in Fig. 3, Ware

#
ulamn -—--+?’-

I

~=%=@f:f!:~-----------------------
Fiq, 7 Imacon framinq camera setup for axial view

of {rntilodlnq foil,

]() frdmc> wcro shot, each lasting 40 ns witn an lntCr -
frdnw timr of 170 ns, The objective of t.hls mr~surc-
ment was IA) observo varly mission friw the tnttiatlon,
this i~. tet!n bcqinnlnq frcm frame 2, No opticiIl fllt -
(Irinq w,l$ w~cd In thl~ example, so when the Ilghl 1111-
lW\ I ty i ncrud sod ‘,iqnlflcantly, the cxc@ssivP Ilqht
intvntl(y c,lus,~d dlttrwtion dnd shrinkinq of I.hr IMMC
(fr,lmoi, -l 10 1[)). lhl~ iilstortlon con bu ollmln~t[vl
hv mow ol]tlfial ,}ttonuatlon.



Radi41 taaglng was obtained by using d
fmr-channel gated microchdnnel-plate c=ra. A
28 m aperture, f/10 telescope focused At the foi I
fra -25 m by using two mirrors outside the bunker.
Only 10 cm of the 28 a aperture of the telescope was
usd as a result of the 15 .- diameter reflecting
minor being tilted at -45 to relay the Image
through as 18 cm diameter porthole. Fig. 9 shows a
schematic of the setup. The output beam frca the
telescope Is SPI it five ways, four into the “4-eyes”
(fmsr gdted micro-channel plates) via p@lliCle beam
spl Itters. The fifth channel was a tim?-integrated
channel which used a 35 mn SLR camra without a
lens. The 9ains of all channels were set by In situ
calibration, Md neutral density filters were then
used to match and baldnce the gains of all channels.

?OUL-

h \

lo===------
I -- ——-—----- ——-— —-—____ —— J

Fi9, 9 Schematic of the “4-eyes” (4 gated micro-
channel-plate camera) setuo for radial view
of imploding foil .

F iq. I[la fin Impluslnn r[!cord of tho fol I load ot)-
tJ ~nt.d by “’1.t!yPs” , for I) IIIIW?PI. i -2, i“rd~~

I 1.0 4 Mqlns WI r.h Iow(!r left Imnllo$
,Ir{lqr(.s% illtl Ulorkwl’lo. [h’ I 1111t fLa tchc,. Iul

f I“!lml’$ I 1111(1 II a N! (Iamdql’ %pnt =. 011 m I L rn -

Chdnlw!l .pldlm . Ihu dxl”,or 111{. 10 I In,ld

Is parfi I 10 I to t,ho cnnduc Mr vdno$, iivvl in
O,ICh fr,nw ns dark j trlpi~’,,

rho ga M-open t Imrs as wdl I as the Interfrm t irncs
cuuld be %ct to dIly doslrml vdluo<. fin cxmplc of a
framing record Is WOWI III Fig. 10. In this caw, the
qatc O[)cn tlmcs W!l’r dl I Wlt to ho 1? 11s. An
i~)ioSilXl Of thC fo~l CiUl b II!(VI fr(llt the Vi Slbl C

ml$sion In the flrsl three fr-s; tho 41h frdmc
tr I Uyorwk More tho II Inch occurred (the im+ 10s Ion
vcloci ty wds slrwr tlm oxpoctod ), hit since th Is

,,,,5 ( -xl(w) thr;$f(lld,ChRllllCl WdS S4?C at a hlqhl!r

notllln~ Wd S rccurdwl, tlturtt Ion tsc

rwwsdld by uslnq an x-ray dloth’ slqnal to trlqrkor

the 4th channel wtsich Ui 11 r~ord the implosion. The
parallel lines, 8.7 M apart, dfe the c~ducter
vanes. Same structur= can be seen on the surface of
the plasma in frau 2 dnd these may be the begifIMin9S
of h~ro-instabilities. This will be further
Investigated. Also, the tin-integrated chanel
recorded no bright emission line cm the center dxis;
this could mean that during the iMPIosion s- colder
Plasma mbsy have been left behind that is Opague U
visible light. This suggests that x-ray imaging is

str~gly desirable.

Fiq,l Ob A record of the fifth (time integrated)
channel of “4-e/es”, obtained for Pioneer
1-2. This channel records visible emiss-
ion from the foil for all phases: init-
iation, run in dnd implosion. Dark I Ines
are conductor vanes, spaced 8.7 m apart.

X-ray imaging diagnostics consist of using three
tIm integrated x-ray pinhole c~ras, both for
radial and axis view of the fi)i I , filtered
differently to obtain hdrd uv or Al K-1ine at ‘1.56
keV, The foil Implos ions are at present too cold to
produce measurable x-rays In the f- hundred PV ( soft
x-ray) region. A time-integrated uv/x-ray imdglng
diagnostics was made by using a fllterd pinhole and
an x-ray -to-1 ight converter where the images are
formed, and then us ~ng the “4-eyes” as the recording
device, This diagnostic hds been capleted and is
ready for test Ing.

Cmcluslons—.—.

III the P Ioncer I series of cxpcrlmmts wc have
dcnmnstratcd that dlnwst al I the dldgoostlcs required
for measuring drlvcr charactcrlstlcs and plasma
implosion have been Succcfsful Iy fleldcd, Wllm
ylcldlng better ddta than others. Hork Is In
progress to sharpen the resolution msd Improve the
pcrformdncc of cJCh d ldgnOSt Ic, dnd Implcnwmt new
dldglKM t Ics .1s the ptranwtcr rlsngc of the cxpcr hwnt
Incredses,
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