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SUB=I'TCONLECOND X~RAY ETREAK CAMERA DEVELOIMENT FOR LASER-FUSION DIAGNOSTICS®

Albert J. Lieber, Il. Dean Sutphin, Clinton B. Webb, and Arthur H. Williams
University of California, Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545

Abstract

In laser-fusion intcractions tho effectiveness of coupling lascr energy into target com-
pression can bc {crllowed by obtaining spatial and temporal information on x-radiation emit-
ted by the targcet. Microballoon tarqcts now used require temporal resclution of better
than a fcw picoscconds to track accurately target collapsce an. Jlisassembly. JInstabilitics
of two picoscconds or less are predictced for the process. Most strea). cameras are based
upon a scctor-focuscd streak tube, which in the design limit is capable of only about 10 ps
x-ray resolution. Thcrefore, a new tube, based vpon the proximity-focused or wafer intcn-
sifier was devcloped as & laser-fusion diagnostic capable in the deaig:n limit of delivering
truly sub-picosccond x-ray resolution. A new power supply was also (eveloped to drive the
streak tube. Together, a camera has resulted with true picosecond cagnbility, small size,
high sensitivity, broad dynamic range, high spatial resolution, and ve:,y lcw jitter. The
system has proved 98% reliable in over 300 laser shots providing data on the collapse of
microballoons when irradiated by a dual beam Ndi1YAG laser. Theoretical pvedictions of 2.5
to 3 ps resolution are consistent with experimental duta. A visible variant of the dee.gn
now under construction is expected to give sub-picosecond resolution with advantiges similar
to the x-ray system. !

»
Introduction

With the trend in laser fusion toward complex targets of the order of a few microm: in
diameter. temporal rcsolution of less than a few picoseconds is necessary to track accu-
rately target asscmbly and disassembly. Instabilities predicted in this process are 2 ps
or less. Almost all present streak cameras are bised upon the RCA Type C-73435 shutter in-
tensifier, which was designed over a scorc of years ago for use as a multiplce fast rastering
camecra. j Modificatione in this country and Europe have attempted to minimize the 1n?ereut
weaknesees of the sector-focused or pinhole electron optics, image intensifier design. 2-4)
The addition of an x-ray sensitive photocathode has resvlted in a camera with 15 ps resolu-
tion and has already yiaelded data indicating the importance of this diagnostic to the under-
standing of laser fusion. (5) However, weaknesses generic to this basic type of intensifier
preclude true picosecond and cltimately sub-picosecond x-ray resolution. Principal among
these are pinhole electron optics causes resolution (spatial and temporal) to be a function
of peak conductunce and gain. Peak conduction must be limited to control electron defo-
cuaing due to space charge buildup at thc pinhole. 1In ultra-fast streak applications an
attempt is madc to compensate for this loss of signal by the addition of a follow-on image
intensifier. 1In the case of picosecond resolution such an initial loss in signal cannot be
tolerated if high guality streaks, with good signal-to-noise ratios, are to be obtained for
quantitative data reduction. To minimize photoelectron viiocity dispersion effecte on tem-
poral resolution, a carefully engineered extraction grid is added to increase the photo-
cathode tield.(ﬁf This gcometry is not conducive to pulsing to obtain the ultimate extrac-
tion field and sensitivity. Finally, the overall length of ihe tube of 22 cm allows longi-
tudinal velocity dispcrsion to reflect az an intolerable time dispersion for truc picosecond
and sub-picorccond operation. Employing another lens for velocity selection merely serves
te lengthen ?he overall package still further, requiring higher selectivity, and reduced
sensitivity. (7)

An investigation of anothcr type of streak tube based upon the proximity-focused, or
wafer intcnsificr, was undertaken by this laboratory scveral year? ?go for it was known that
thesc tubns ruffer from nonc of the abova mentioned shortcomings.{8)” Por an instrument to
be a viable laburatory diagnostic other merit factors than temporal resolution must be con-
sldcred. Some factors included as design yoals for the camera werer (1) Jitter. The com-
Plexity and cost of firing a laryec laser system demands obtzining a trace ecach time. (2)
Sizce. The premium 4 lhced upon tue experimontal volume around the laser tarqet demands a
small vacuum compatible package, which can be placed in the chamber for maximum solid anql~
while not blocking the ficld of other dinqnostics. The proscntly available commercial pack-
age of over 5 feet in lenqgth makes this impossible. (3) Sensitivity. Maximum transduccer,
or photocathodc sensitivity, must be achiceved and maintained. Thim can be traded for spa-
tial resolution, enerqy rosolution, or other gain-dependent functions later as the experi-
ment may dictate. (4! Dynamic Range. A broad dynamic range independent of spatial and

*Nork pcrformed under the auspices of the U. B. Energy Rescarch and Development Administra-
tion.



97 -

temporal resdolution is a nccessity due to wlde variations in x-ray yir1ds from shol=ta =hat
on cven the same type of target, and (5) Cost, Complexity, and Reliability. These factors
arc important not only to the lascr-fusion community, but also il usaye ol the insntrument
is to cxpand to other disciplines.

Design

We feel the quest for a camera mecting the merit factors outlined above has culminated
in our camera thc Pico-X.(9) A schematic for the strcak tube is shown in Figure 1. Start-
iny with the discovery that some microchannel plates make excellent possive parallel-bore
collimators each interfacc of the tube had to be intensively studied for maximum syntem
response. (10,11)

MCP COLLIMATOR
DEFLECTION ALUMINIZED
PHOTOCATHODE PLATES PHOSPHOR

FIBEROPTICS

TRACE

_Fig. 1. Schematic proximity-focused streak tube.

The proximity-focuscd intensifier depends upon intensc electric flclds to map photnclec-
trons to phcsphor, making it ideally suited to minimize photoelectron vi'locity dispernion
effects at the same time. Peak extraction fiwvlda that can be genurated between the polinhied
parallel plates of the photocathode region far excced those that can be gonerated by yrid
structures theraby yielding the higheat possible phococathode extractlon and scnsitivity.
Using a microchanncl plate for transveroe-photoclectron velocitly contro)l minimizes overall
tube length eliminating thao nced for addition electron lonscus.

A computer{ze? study was made to cnsure the maximum deflcection Bensitivity for minimum
plate lcngth. 12 The effectlvuoncsas of this study an generating an efficicont short net of
pulses is reflected in Plgure 2. Our tube in comparcd with a standard RCA C 73435 vislble
strcak tube. A striking featurc of the tube is the overall length i 3 cm from pholLacathode
to phosphor. This results in a very small, vacuum-compatiole packaye which fits into our
scattering chamhnr,

The 1limit on deflection abllity defines the tube's rocord iength., Thia, in turn, places
stringont requirements on tedgier jittor 4f Lthe merit faclor of o trace per shot {8 Lo be
rcalized. Therceforo, a new Lrlgrner had o be developed Lo power the tulbe. The trigger and
pulsc cystem contains a laser-triggered gap which usces a 1hin diclretrie in the inturelore-
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Fig. 2. Sizc comparimon of proximity-focuncd tube prototype with visible RCA C-75333

trode upacr. ‘Che qgape has shown lean than - 20 pe jitier and proved 987 relirable in over
300 shuts. The priesent Pico=X nkses o direct 30 mm (fir carsette reabout, Automatic rennte
controlled film advance and gop: arming are incorporated (o gpecd data ac.juisition.

Experimental Resnlts

Although our mcamaremcntn of the collimation ability of specially constructed micro-
channcl plates gnoged seattering to e nininal, the ultiEate test Preained ta imane thraough
the tulu: ftnelf,. Flaure 3 glawn o de! hacted Smane of 3 100-.a=wide nlatr shijnet formed by
the Pico=X from x-rays acnerated by o 1 3 Na:YAG pulsr on a 180-im=diancter=mickel ball.,
The imane larmead ie venafstent fn width with that predicted for the micrachanhs) plate eal-
limatur . Curvature 0! the pmape i85 Jdue (e frinagdeg in the deflection regian tor the glit
is wider than the deflhietion platen,

once the mtatir reanlution for the tase wan establinhed (etatice and dynamie resolutien
are the aame for this type of Lubel o meammre of the awee]s velocity was needed. Thow wan
determinel by irraniatsng o PO s=dfaneter wickel gphete with two 1 J 83T beans. For
thenr tents: an in Intensifaor was e d o parevide o gasn ef appregiaately 200X, The
film uncd hal an ASA rating of 105, The Intenesifaer couds] have Leen eoliminated entirely Uy
waing a higher sperd Tilme Figere 3 chown o calibrating et . A SU= evertacal zlit wasx
uned Lo peparatss the interactaens o the sphe feo T fieaeee wWere Firet lnouaght dato raface-
derer aind then oplically displaced In time e aovide the eolibsratainn, I may e geen that
the inverie aweep vetdmtity for the ira=X is 10 ps/ma. Slower ratee are availablde amd have
proved uwerful in cntabslinhing Ciaone), The statintical quality ol the streaks allows quant:-
totive deneitomtry ol the traces.

It in of historical note that ane of the main reanong we bhuitt the Pico-X wan 1o deter-
mine how long X=rays linaered atter termination of irpadiaiion.  Thig information was “atad
befure a hacklbinhl ing tast-t) wyintem o ld be Seplors ntel ae projposed at the 11th
Internpatimmal Fast Framing Conlevence, (130 prom Fiqure 4 it an evident that x-ray.
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