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I. Introduction

Neutron timeof-flight (TOF) detectors can pravide important information about

the fuel-ion burn temperature in various inertial confinement fusion (ICF) target

designs. Conventional neutron TOF detectors mfasure the time history of the total

light output from many neutron interactions in a scintillator. These detectors are

10 but are limited at lower yicdds by the finiteuseful for neutron yields above 10 ,

emission time of the scintillator, the finite response time of the detector, and the

statistics of neutron interactions and light production in tlm scintillator. i
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its arrival time, but can be useful for monitoring the system gain or in. some pulse

pile-up rejection methods.

The dynamic range of the diagnostic must cover d-d neutron yields from 5 x 107

to above 109. This range can bc obtained through variation of the number of array

channel hits (from 100 to 500) and scintillate volume (from 0.8 cm3 down to 0.2

cm3). Operation at yields above 109 will provide overlap with results obtained from

current-mode d-cl time-of-flight detectors] and below 107 with estimates of 7’iobtained

from first-hit analysis4 of data from the l.argc Neutron Scintillator Arrily (LaNSA )

on Nova,

Another way to extend the dynamic range is by operating the array in the multiple

hit regime. An acceptable fraction (I O%) of the chanmls will provide single hit data

even when the a.veragu numkr of hits pm channel is thrtw. Thus a dynamic rango of

about 30 is possible provided that channeh affcctcd by puls{ pilr-up can he rvjcwtcd.

I]ata reduction bawd on first-hit analysis” can also b{ considered.

The clcrtronics for cad channel ccms:.;t. of tllw !)hl’l’ voltlagr divider base, a discrinl-

inator, a multiple hit til]m-t,o-digit~l mmvrrtcr (TD(”:), and a g~twl cl]arg~’-s(’rlsitit’t’

analog-to-digital c.onvcricr (All(!). The mllltil~lr hit capability of t}w TDC is valuahlr

to ohsmvr the gammas fronl ncut ron intcrtict.ions wit]l nlatcria]s tilong tlw nmttrm]

flight path and tllm to corrm.t for timil~g diflrrrllcm Imt.wcen rl)an]wls. AI]( !s ciIn Iw

Vnlllal)lc fur IWx_ding tllc plIlsr’ Ilrigllt distrihulioll

to I)ml]it,or tlw ovcrdll hwdtl] of tlw l’hl’l’ :mr[ly.

II. Scintillator

/’ -= }.(A/4m/P)(.r/A)



. where Y is the neutron yield, A is the detector area, R is the distance from the Nova

target to the scintillator (28 m), x is the detector thickness. and A is the neutron

mean free path for elastic scattering (7.7 cm). For the minimum neutron yield of

5 x 107 and a minimum detection probability of 10% (to obtain 96 me=urements),

the scintillator volume Az is 0.8 cm3. For the maximum neutron yield of 1 x 10g

and a maximum detection probability of 50Y0, the sl-;ntil]ator volurnc drops to 0.2

cm3. If the array is operated at a detection probability of 30070, the dynarni(” rang{’

is increased six-fold at a given scintillator volurnc.

The scintillator itself should be relatively fast and bright, similar to 13C400 or

rJE102. The light output of this scintillator is about 6470 of anthracene. Thi= light

production in NI3102 for electron energy deposition is 0.01 photons/eV.5 The relative

production dhcicncy for protons in NE102 has lJeCJI mrasured6 and ran be cxprmscd

as

!l’~ = om95Tp – 8.0{1 - cxp(-o.loT}q}

wlwrc TP is the proton energy (in McV) and ?}; is tlw Cquivalrllt rlrctron mwrgy

(in hfeV). The nunllx-r of photons varies frol]] 110 for H 0,25 hfvl’ rm-oi] proton up

to a maximum of 7433 for a full-energy recoil. ]$or conl]mrison, a full-mlmgy rwwil

from d-t rmutrons produms S0,300 plmtonsm A usrful an]plit~ldr calibration call INI

prcwidmi by gillllilm.q from 137(!s, which prmlurw a Cmllpton rdgr at t we-t IIirds of

the rmoi] proton cdgr from d-d neutrons.

Light coupling dlkimry of about two-tllirils can h ohtaimd by using optical

coupling grmw Imtwmv) tlw scintillator and tlw ptmh)catlmdc tog(ll)(’r with tlitlnl]iu]l!

dioxidr pnint on tlm uncoul)lrd surfacvs, Ilowrvw, thr usc of opticilt colll)lillg ~rcnsc

is prohihitml hy llir nwd to rllallgv tlw srilltillat.ors, lllSt(lil(l, silicoilr rollpliilg 1)11(IS

call lw twnploydi ‘J’lww couplitlg pads pmlllit mll)lillg dlicivtlcy rlosr {0 t IIal of

mll)liilg gWil!W (nlmut MMl). ]Idr(’ (’olll!llll~ (Ifliriml(”y is ill’ollll(l om’-thirdi



.

III. Photomultiplier Tube

The PMT converts scintillation photons into electrons and amplifies them in the

electron multipher. Bialkali photocathodes provide a good match for plastic scin-

tillator emission spectra and have quant~lm efficiency of about 25Y0. Thus 10-15

photoelectrons can kc expected from a 0.25 MeV recoil proton. The multiplier str;]c-

ture should be a linear focused type to obtain good time resolution. Inexpensive

side-viewing PMTs are unsuitable because of ineificicnt light coupling hetwccn scin-

tillators and the recessed photocathode,

Time resolution of PMTs is quoted in terms of the single-photoelectron transit

time spread (SPTTSj, These SPTTS values are 2-3 ns for PMTs of the type con-

sidcrcd. The time resolution imprcwcs inversely as the square mot of the number of

photoelectrons tomparcd with the SI’TTS. This clcpendcncc indicates the importance

of efficient light coupling. An SPTTS of 3 ns or better is nrcdcd to obtain tinw res-

olution of 1 ns for d-d measurements with as few as 10 photoelectrons. Even bet trr

time resolution is obtained with t]w brighlm d-t scinti]]ations.

~’hc aJmdc output must hc compatible with the discriminidor thrrsho]d. Assuming

a millin;urn 01 10 photoelcctronsq a gain of 10°, and a triangular anm-h’ pIflsr wit h

FWIJM of 5 ns, the prak

50 !2 load, which provides

addition, the Phf ’1’output

20 mA).

aliodc current is 320 pA. This rrprmcnts 16 n]V into a

a rcasonal)lc minimum voltagr for t.hr discriminators. III

should remain Iinm-tr up to the rmoil proton edge (~lmut

r)



provide an amplification of 10 for each anode signal. A 50 ns coax line was used

to delay one of the signals. Ortec 473A discriminators and an Ortec 567 Time-to-

Amplitude Converkr were used to obtain the raw timing spectrum shown in Figure 2.

The time spread At can be expressed as

where AtA and AtB refer to the SPTTS of the two PMTs and At~Cin refers to the

FWHM emission time of the scintillator ( 1.3 ns). For identical A and B channels,

the SPTTS of each tube is 2.9 ns. Measurements without the neutral density filters

confirm the expected improvement of time resolution with light level.

The PhfT voltage divider is designed for Mecdcr current equal to the average anode

current rating of the tube. The manufacturer’s recommrndcd string for maximum

linear current output is employed. Capacitive stabilization of the latter dyrodc stages

is provided to limit voltage changes to less than 1!% for 10 full-energy proton recoil

scintillations. Positive high voltage is supplied to the anode. to pmmit the cathodv

region to hc grounded. Anode output is capacitivc]y coupkd to the discriminator.

IV. Discriminator, ADC, TDC, and Data Acquisition

The anode signals are connected to novel con~tant-fraction-l ikr discriininators

based on a ~implr R.C nctworli and a fast voltage cornparator.n No wiilk cm-rcctioll

is rcqllirwl with this discriminator. AII updating output of 10 ns nlinimul]} duration

is provikl to allow pul:w pilr-up to k clrtcctod by thr ‘1’1)(:, ‘1’llis discrilninatur has

low power dissipation and can br mad~ quitr con]ptictm

The discriminator ]wovidcs a I)tiffcrd version of th(’ wlo(lr Sigllill for Collnrct illg

to a I,c(!roy 1S85[7 ]fi-l~it chargv A ]]C, ‘1”’hisis !L96 rhnlitwl I:AS’l’lJ[l!$ inmluh). ‘1’11(1

1S851$ cnn hr gatwl for a tinw w short as 90 ns and can hr US(VIto nwwllrc t.lw

alnplitmh’ 0[ thr d-d mwtrou lmlswi with ii scnsilivil,y of 50 [(; pm courk.

‘1’IKsdiw’rililinator output. is connrc( cd to IJ44‘roy IS7!J !Ni-channrl nmltitlit ‘1’1)(~

11’AS’I’lIIJS]tmdillvs, ‘1’hww~rc 2 IIS ‘1’l)(!Nwit]] doI~lJ(* vdgr rwollltiol) d I() IIS, IIp



to 16 edge timing mcasurem.ents per channel can be obtained. For d-t measurement:,,

the TDCS will be upgraded to the 0.5-ns LeCroy 1S77 when that product becomes

available.

A DIZC MicroVax II computer is used to control and read out the FASTBUS

modules and to analyze the data. A CA MAC-based Starburst LSI- 11 mediates the

control functions through a CAMAC-FASTBUS interface. The software needed for

this &agnostic has already been developed for LaNSA array.

V. Testing

The two general areas of testing arc amplitude arid timing lests. The overall gaill

of the scintillator-P,MT systcm must bc monitored routinely, perhaps prior to each

Nova shot, and the PNIT voltage or discriminator threshold adjusted to correct for

gain shifts or changm in 1’MT coupling cfhciency. Small 137Cs radioactive sources are

used for this calibration. Timing tests will be performc’d using a l-ns, Mile, unfocused

Cllr light putsm chwdopcd at lK&G

Once in operation, ccrrcct system performance will be checked by nmnitori]lg

the recorded data in a number U( ways. Timing can be routinely checkwl on Nmw

I]myobserving x-ray gmwrating targets or by using the ganmla fiducial providtv] l))

mwtron intcraiions in tlw tarfy-t. Spare channels arr included in thr array. PI!T

failures can bc dismmmcd by drtd ing a chtingc in thr diviflcr string rurrrntl, II](I

appearance of exccssivc noise, or by thr alxwnrc of signal in a i]articu]ar cha.nnrl for ;l

scrim of shots, Dist-ritllinator al]d TI)C probkvns will br rfctwted by mml~mrillg t 11~1

nvmagc drtmt ion prol~ability in mcll chmm’1 with the avcragr W.dion prd)ill)ilit )“

in the wholo nrray. Ail ovmall aligilt)wnt clwck can bc prrformod hj’ coln])utilig I tl{’

avmagc arrival time as a fullctio]l of two orthogonal dillwnsions arrow tlw det rctor

array. Imlividual chand tinling variations can also Iw ddmtd by rottlparison wit II

tlw avrrag(’ arriwd tinw,
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Tables

TABLE I. Characteristics of d-d and d-t

I d-d

time-of-flight (ns) I 1291 3
d-t

19.2

28

538

3.4

5.2
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Figures

FIG. 1. Assembly drawing of thephotomultiplier tube chamber, showing the137Cs

sources, scintillators, silcone coupling pads, PMTs, bases, and cablm for the PMT

array.

FIG. 2. Transit time spectrum obtaining from the two photomult.iplier tube method

using XP1911 tubes and a E?C418 scintillator. The calibration factor is 155 chan-

nels per ns. The full width at half maximum corresponds to 4.3 ns.

10
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