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SUB-PICOLGECOND X-RAY SETREAK CAMERA DFEVELOPMENT FOR LASER-FUSION DIAGNOSTICS®

Albert J. Lieber, M. Dean Sutphin, Clinton B. Webb, and Arthur H. Willlams
University of California, Los Alamos Scientifiec Laboratory
Los Alamos, New Mexico 87545

Abstract

In laser-fusion intcractions the effectiveness of coupling laser energy into target com—
pression can be {rllowed by obtaining spatial and temporal information on x-radiation emjt-
ted by the target. Microballoon tarqets now used require temporal resolution of better
than a few picoscconds to track accurately target collapse anu lisassembly. JTInstabilitics
of two picoscconds or less are predicted for the process. Most strea¥ cameras are based
upon a scctor-focused streak tube, which in the design limit is capable of only about 10 ps
x-ray resolution. Therefore, a new tube, based vvon the proximity-focused or wafer inten-
sifier was developed as & laser-fusion diagnostic capable in the dealgn limit of delivering
truly sub-picosccond x-ray resolution. A new power supply was also (eveloped to drive the
straak tube. Together, a camera has resulted with true picosecond capgcbility, small size,
high scnsitivity, broad dynamic range, hiqgh spatial resolution, and very 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 Nd:tYAG laser. Theoretical pvedictions of 2.5
to 2 pa resolution are consistent with experimental data. A visible variant of the dee . gn
now undecr 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 micron: in
diameter. temporal resolution 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 bused upon the RCA Type C-73435 shutter in-
tensifier, which was designed over a score of years ago for use as a multiple fast rastering
camcra. j Modifications in this country and Europe have attempted to minimize the 1n?erent
weaknesses of the sector-focused or pinhole electron cptics, 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 yielded data indicating the importance of this diagnostic to the under-
standing of laser fusion.{3) iowever, weaknesses gencric 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 elactron defo-
cusing due to space charge buildup at the pinhole. In ultra-fast streak applications an
attempt is made 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 quality streaks, with good signal-to-noise ratios, are to be obtained for
quantitative data reduction. To minimize photoelectron vcioclity dispersion effects on tem-
poral resolution, a carefully engineered extraction grid is added to increase the photo-
cathode tleld.(ﬁf This gecometry is nnt conducive to pulsing to obtain the ultimate extrac-
tion field and sensitivity. Finally, the overall length of the tube of 22 cm allows longi-
tudinal velocity dispersion to reflect as an intolcrable time dispersion for true picosecond
and sub-plcorccond operation. Employing another lens for velocity selection merely serves
te lengthen ?ha overall package atill further, requiring higher selectivity, and reduced
sensitivity. (?)

An investigation of anothcr type of strecak tubce based upon the proximity-focused, or
wafer intensifiler, was undertaken by this laboratory scveral year? ?go for it was known that
these tubes suffer 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 weret (1) Jitter. The com-
Plexity and cost of firing a laryc laser system demands obtsining a trace cach time. (2)
Sizc. The premium ;| laced upon tie experimontal volume around the laser tarqet demands a
emall vacuum compatible package, which can be placed in the chamber for maximum solid anql-
while not blocking the ficld of other diagnostics. The presently available commercial pack-
age ef over 5 feot in lenqgth makea this impossible. (3) Sensitivity. Maximum transduccer,
or photocathodc sensitivity, must be achicoved and maintained. Thim can be traded for spa-
tial remolution, cnerqy resolution, or other gain-depondent functions later as the experi-
ment may dictate. (4} Dynamic Rangce. A broad dynamic range independent of spatial and

*Nork pecrformed under the auspices of the U. B. Energy Rescarch and Development Administra-
tion.
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temporal resolution is a necessity due to wide variations in x-ray yis1ds from shot=-to :hot
on cven the same type of target, and (5) Cost, Complexity, and Reliability. These factors
arc important not only to the lascr-fusion comnunaty, but also it usage ol the instrument
is to expand to other disciplines.

Design

We feel the quest for a camera meeting the merit facters outlined above has culminated
in our camera the 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 interface of the tube had to be intensively studied for maximum system
responsge, (10,11)

MCP COLLIMATOR
DEFLECTION ALUMINIZED
PHOTOCATHODE PLATES PHOSPHOR

FIBEROPTICS

TRACE

_rig. 1. Schematic proximity-focused streak tube.

The proximity-focuscd intensifier depends upon intense electric ficlds to map photnelec-
trons to phcsphor, making it ideally suited Lo minimize photoelectron virlocity dispernion
effects at the same time. Peak cxtraction ficlda that can be gencrated between the polished
parallel plates of the photocathode region far exceed those that can be gencrated by qgrid
Btructures theraby yielding the highest possible phococathode eoxtraction and acneitivity.
Ucing a microchannel plate for transveroe-photoclectron velocily contro) minimizes overall
tube length eliminating tho nced for addition electron lenaca.

A computer{ze? study was made to cnsure the maximum deflection Bensitivity for minimum
plate longth.(12) fTho effectivoncas of this study in generating an efficient shurt set of
puleses is reflected in Plgure 2. Our tube in comparcd with a standard RCA C 73435 visible
strcak tube. A striking fcaturec of the tube is the overall length Is 3 om from pholtocathode
to phosphor. This recsults in a very small, vacuum-compatiole packaye which fits into our
gcattering chambnr,

The limit on deflection ability defines the tube's record iength. Thia, in turn, places
stringont requirements on triggyer jitter if the merit factor of a trace per shot is Lo be
rcalized. Thercfore, a now Lrlqgaer had to be developed Lo power the tube. The triqger and
pulsc cystem contalns a laser-triggored yap which uscs a thin dicleetrie in the intervloece-
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¥ig. 2. Sizc comparimon of proximity=focuned tube prototype with visible RCA €-71435

trode npice.  Ghe dape has shown leas than *© 20 ps fivtier and proved 987 peliable in over
300 shots. The present Pico=X usces d direct 15 mm fiir carsetie readaut.  Automatic rennte
controlled film advance and 9o arming are incorporated (o gpecd data acsuisition.

Experimental Resultn

Although our mcasuremenin of the collimation ability of specially constructed micro-
channel plates wnoged seattering to be nininal, the ultirate test retained to image thraugh
the tube jtpelf, Finure 3 ghown a deflected fmane of 3 100-.m=wide w3t object formed by
the Picou=X from x=rays acnerated by a 1 3 Na:TAG prulre on a 140=:m=diamter=mckel ball.
The image formed i conatztent o width with that predicted for the micrachapns} plate eal-
lmator. Curvature of the apunk 08 Jue Ve fringing in the defloction regian tor Lhe glit
is wider than the de-flection platen,

once the mtatic resolution for the talsxe wan entablinhed (rtatic and dynamiec resclution
are the aame for this (ype of Lube) a mcanure of the aweep velocity was nveded. This wan
determined by drradiating o 1h- . m=diasecter vickel gphese with two 1 J 3YM beamn. For
thene tests an iPaae Inatensifaor sax added to provide o guin ef apprexinmately 2008, The
film uncd had an A%A rating of 125, The intensifrer coudd have been oliaipated entirely 1y
uaing a higher speal Silme Figure 3 shows 2 calabration teet, A SUO= p=vertical zliy wax
uned Lo neparate the interactions op the sphe e The beate: woere Firgt wwought dato coface-
deree aind then optically displaced In time o provide the calibiration, I may Lee geen that
the inverne nweep velacity for the Mea=X i 10 ps/ma. Slower rater are availabde atid have
proved unceful in eatablishing Cintnge The statintical gquality o!f the satreaks allows gquant -
totive dencitomtry ol the traces.

It in of historical pnote that ane of the main reanong we buitlt the Pico=X wan 10 deter-
mine how long X=rays linaeroed ateesr termination of irtadiation. Thigs information was vitai
befoure a backhahting tast-traming aystem ecogld he ieploebted ai proposed at the Jith
Internat ional Fast Praming Conterence, (13) From Faqure 4 it s evadent that x=1ay.
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conttryctsnn atel Qs exjacted to piold o quilly *mpresnave advances oder the 6ld tubu.

r—----—-—-- P N e L N b a-a---.———qq-.n.—___j

i
L o

r-.--- At RS e e -.——-——‘.----w—_c--‘--m—-g”—-_.j

RPN RURUIU<O. N ) - |
Fig., . 1uatability in comprovsion of "0~ nm-diamcter micreballoen.

meforsaces

. R Epumstrom and Re Fitln, SR 42 (Aug. 1970),

2. M. Y. Seheder, Mo G, Richatdaenh, andl A Jo Alenss, “Upergtion of a drid=Shuttered Jmoe
Converter Tule: 1 the Picot conid fledion,” Revicow of Seicentifie Dbaotraeents 49, 12 (Dec,
1972).

J. M. €. Richardang, "Inveastiqat ion of the Characterirtien of o Mode=Locked Rdiclana Larer
with the Ald ot o Ficerceend Streak Cacera,” 1EEE Joarnal of saantum Kleetrenien, Qit-9, 7
(July 19711),

4. D. Bradley and . ew, INEE 42 (1974),

5. C. F. ReCanaghy and L, 8. Coaloeman, "Preconceond X=Ray SUivak Camera,” Applicd Phynics
Letter 25, % (Svpr. 1914).




97 -

6. E. Zavoiskii and 8. Franchenko, Trunul. from Dokl. Akad. Kauk. SS8R 108 (May-Junc 19456)
P 218-221.

7. G. Clomopt, ¢. Loty, and J. P, Roux, "The Design of @ New Elvctron optics for a Pico-
scecond Streak Camera,® Proc, of the 11th International Conarcss on High=Specd Photography,
London, England, Chapman and Hall (Scpt. 1974) pp. 131-1135,

8. A. J. Licker, Review of Scientitic Instrumentsy 43, 1 (1972).

9. ERDA Patents Pending, Fico=X Patent Waivers Apjslicd for by Ceneral Engineering Applicd
Rescarch Incorparated, 260 Sheridan Avenue, #0414, Palo Alto, California 94 100,

10. A. J. Licber, ¥, F. Denjamin, H, D, Sutphin, amnd C¢. B. Webb, "lnvesatiqgation of Micro-
channcl Plates as Pavallel=lore Eloctron Coallirator: tor usc in a Proximity-Focused Ultra-
Fast Streak Tube,” Nucl. Inatrum. Methods 127 (1975) pp. 87-92.

11. C. B. Webb, A. J. Licber, M. D. Sutphin, and R. ¥, Beajamin, "Investigation of Micro-
channe]l PI'lates as Parallel-Bore Collimators for Electron Pulace,” Kev. Sci. Instrum. 45, 1
(Jan. 1976) pp. 139-150.

12. S. J. Gitomer and €. K. Krishnan, "Numerical Simulation of birecct Enerqy conversion,”
IEEE Plasma Scicnce P8-2, 277 (1974).

13. A. J. Licwer, R. F. Benjanin, B, D. Sutphin, and G. . McCa.l, "Applications of Ultra-
Fast High-Resolution Gated=imuge Intensificrs to laser=-Fusion Studics,” llth International
coufercnce on High=-Speed Photography, SUIE (1974) pp. 144-149.




