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Mdltlgigahercz beam ClidgnOStiCs for laser fUsion-

R. C. S~Itn, E. K. Hoclson, and k. L. Cari>uri

~niwersity of California
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ADstract——
.

A system to niaue .,ltra wideoand measurements of fast laser p.lses and Lneir inauceu
ta-get interactions at a dlstancc of aciDroxlmately 3EI m frOm tnc target 10CaCiOn 1S
diSCuSSPd. The sysLcm nas demonstrated an overall ha~awlrJInOf 3 GtizWitn projeccerJ
unfoldlng tO 4 GHz. This system allows nign resolution [I?~DOrdl niscory Uiagr.ostlcs In a
rC~OLe 10Ca[iOn Drriwidir,g riig~ EMI and radiation Inmunltj.

Introouctlon

In laser fusion target interaction studies Drcclse iiicfis”r-ern2ntS of aritilng DuISC
cnapacterlsti~s as well as Largcl tmploslon DaramcL~rs regulre alagnostlc cnanfiuls to nave
clcctrlcal bandwldchs of Setieral glganertz. 1 In oraer to acrileve sucn nlgn-signal
band+ldtrs, a first apDroacn WOUIO oe to restrict any ?lCCLriCdl Slgnd] tran5,nlSS10n llne

lengtn to the sno-test DOSSIDIG distqncc. Tnls tecunique. notietur, Iiiiposes manj

restrictions on the quality of rCaLa tnaL car. DC obticlnea. Tncre exist> a severe dMOunL of
tlm~.rie~cnaent oackgpound radiation In Lne form of na~a ana soft x-rays tnat can Interftre
witn diagnastlc electrunlcs that arc In CIOSC Droxinilty LU Lne cdrgcL area dliU [me flndl
laser Dower am. ‘ificrs of the Mel16$ CdrDon L)loxidc Laser Fdcliitj.2 Tne recently

deve!cDeci gcncraLion of mulciglgal!ertz real-tifie oscilloscope. uscfl for aaLa rdcorolng are
Daft\c41drly suscept~ble to cnls x-ray flux. 3 Tnese oscllios~a~us c?mIJIOy d micro
channel DlatC electron multlDller Lnat, Wrrcn exposed to a ratlldtlOfi source, SClnLl]]aLd,

“Wasning out- cne actudl crulsc :nd9? ciatd. Tlie EM? of tnc lifiiilt)dl,l~ Ldry.dL tagttnef wlcri
the electrical naize af tnc laser dmpllfiers create ~n dr<d of r~ldkli~lj IIIgII Ehl in Lfic

lccd12 of tnc target lnLcrdctlun area furtner CJm!IllCdtth~ oLurr elecLrlcal medsurumqnti.
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It is an additional requirement that common timing between the driving laser pulses aru
tho target induced data be available on a time scale of less than appro~lmately 50 ps.
This requires that the fast laser pulse shape data ue located near tnc fasl target
produced data In order to apply timing infct-mdtlon on the various oscilloscope cnanndls.
Operational constraints limit the amount of space that can be all~iatcd for diagnostic
equipment near the target chamber thereby producing a less-than-optimal cnvironmerit for
pursuing actual dlagno%tlc equlpnent operation. These factors, coupled with tne ccrtdln
need for future expansion of diagnastlc Capabilltles, have prompled us to develop a metnod
of mating multlglgahertz bandwidth diagnostics at a distance of - 3B m from tnc target
interaction point.
,.

. Oescrlption of the system

As a demonstration of feasibility we Chose to measure the temporal histcry of tne laser
pulse ftself~ This signal was chosen because it wiIs known Lo provtdc a suitdoly fast
pulse for system testing, and it could bc caslly compared with the result$ ootalncd Dy ~
slmllar system IocJted - 4.5 m from the optical detector. Refcrlng to Fig. 1, tne firbl
Fresnel reflection frOM the entranCe window to the targCt chamber Is sampled dnd focused
ontc a fast (tr < 509s) pyroelectilc detector.4 This slgn~l Is then transmltti?d via
1/2 Inch dlameteF, 50 ohm, foam dielectric coaxial cable to all ampllflcr with J Ddndtiiuth
of - 4GHz and a voltage gain of - ?3dlJ. The signal is then rccord~d on d Los A;lmo~
National Laboratory built model 1776 high speed oscllloscup~!.
(unequalized) band~ldth of - 250 XIIZ (Fig. 2).

TIIU syslenl hds a rdw

AlmJ’iL all of thu Ddnd#idtn d~yr~ndtion iII
th? system is due to the coaxial caDle attenuation at higher frcquurrcles, In order to

I

I
J..1..1IILULU--- 1. .1. 1111111 . ..l.-lI.llLlLl . I .1 IJ 11.IAJ

PnEoutNcY IMwl)

[

,

1

,

I

1

#

I

1

I

‘0s.



o

-lo

3r

-aa

B

,~o ml ,01 ,01 ,@

PnlQUENCY(MHz]

t

i
I

Figure 3. Predlctcd cqualtzcd system response
A- Uo4?quallzccl systcm response, B - Prcdtctcd cqufl!lzer response.

and C - Precllctcil systcm response.
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A system bandwidth of 3 GHz was chosen as a starting point by computer modeling of the
system with a predicted optimal laser pulse shape as an input. Figure 4 shotis tne
computer convolutions of this input pulse wltn various system ba~dwidths. A ratio of
out~ut to Predicted input parameters of the laser pulse shape convolved tnrougn systems of
different bandwidths is shown in Fig. 5. This sltnuldtion shows tnat for the parameters uf
Signal peak amplitude and rise time, systematic errors of ~ 10 parcont arc introduce dt
bandwidths above 3.5 GHz. Due to the difficult of making accurate measurements of tne
unequalized system response at levels In excess of 20dtl dotin from the half power point, wv
elected to equalize the system to 3 GHz and then employ an off-line, constrained
deconvolutlon unfold of the data to achieve a data bandwidth of - 4 GHz.5 !n order to
facilitate data reduction via this unfold mctnod, a digital camera is oeing designed to
read the oscilloscope trace and send the data to the central HelioS facility computer
system. The previously evaluated system tranform stored in the computer will then DC used
to Derform the mathematical unfold for each individual channel of tne data acquisition
system.
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The typf? uf codxial cahlc was Cnusun to bu Cumpdliblr wltll LII14 prupu!+utl SYSLI!UI
bandwidth, Rcfurrlng to ~lg. 6, 1/? Inch foam dlcluctrlc Cdolu tids tntldtl Lu IIJVI! tllu
lownst attcnudtion uvrr ttld antlclpdted di~ttlnce wtii]v prowidiny d potuntid]ly Wiuu clluuIJn
bandwidth with rqu~lllldllon. It should bu noted LIICIL the Idrgcr didmctur CJIJIC>, whilu
having Icss attl’nw~l{un, also alluw hllh Orclvr TEH modus to propagdtu IN tllc CdIJIO JL
r?asunably low fr(!qucnclvs LtILIL producu “rlngtng” drtifdcts in the LrJIIJ,VtLLI!d ~iyn~l.
Haxl~um rquallll!r dttrnudtion (fur the cable alnnu) wdi calculdtcd ds tnu pulilt Jt dtIIrn

● 45 of non. llnoftr ph~bu had Iwun cncounturcd In the Fuuricr trdnsform.
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Figura 6. CoaKlal Ctbla rasponsa for 120 foot run.
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Results

The systcm described was constructed and a meiisurement of systcm bandwiutn #as made. Dy
removing the detector from the systen and driving the system witl) a 20 ps step funct$urr,
the system bandwidth was determined to be - 3 GHz as predicted. Figur~ 7 snotis tne
transformed time domain data. The gain of the system was measured and wds found to De

- 5dB.

The signal From the detector was th?n applied to a matcned power divid~r, one output of
which fed a “close-in” diagnostic recorder at approximately 4.5 m from the sletcctor, ~nd
the other fed the system being tested - 38 m away. The bandwidth of tne “close-in” system
was known to. be - 1.5 GHz.

Figure 8 shows the results of a laser shot as seen on both channels viewing tne same
detector as described. Although the laser pulse measured wds not severely udnd limited uy
either recor?lir,g system. some differences can be seen in the overl~y. The major fcdture
is the long tail appearing on the pulse shapr of the “close-in” channel. This tdil is
attributed to the reduced bandwidtn of the “close-in” channel caused oy the - 4.5 m of 3/8
inch diameter foam dielectric coaxial cable used to connect the oscilloscope to the
detector. AddltlonJl minor differences in the two recorded pulse shapes cdn oe attriautcd
to differences in the film-digitization methods employed. Ttse “close-ln” ch~nnel was
digitized from Polaroid film on a digitizing pad which allo’wcd for a grJss unders.ampli,lg
of the recorded trace, whereas ths remote channel was recorded on transp~rcncy fi Im gnd
then read on a 30X magnification fil:n reader. This difference caused the “ciosc-in”
channel to seem to wash out some of tne detail seen in the remote ch~nrlcl. HowcVcr, for
the parameters of rise-time, full width at half maximum, and pea~ amplitude, tne
comparison is remarkable.
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.? of rccoritiny lfiulllyig~ll~,rlt eluctrlc~l slyIIJls frum diJynw,llL
detectors at a d stJncc of - 31i III frdn Lnr’s,! di’tucturs II*IS hr.
Cdrbo!l Oi@x idI! Ldsor Facility.

n dcmonstr~tud on IIIU HLIIIu\
This lYVU of sysLvI:l gruvld,~> d rddldlioll dnu nolst~-ird,l

enVfrOll~CllL fOr the re:~rdill!l of fdSt,- trdnsl~ill CtLIIIlS ~ruducl’d Dy l~>~tr tusluu, Tflr
systrm also allow; for future uxpJllsi)n of dl,l~nosLIL CJpJhllitlVS uy IIOL llmlLIIIg
filagnn~tlc instrumcntdtlon to thr iw:.:~idtc tdrycl.~ndm:)l,r drl!,l,
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