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COPING WITH PLASTIC SCINTILLATORS
IN NUCLEAR SAFEGUARDS*

P. E. FetUau and G. S. Brunson
Las Alamos National Laboratory

Mall Stop J562
Los Alamos, New Mexico 87545

Summary

Plaatlc aclntiUatore offer several advantages for nuclear
safeguards research and technology to those who design,
assemble, encapsulate, and callbrate detectors from raw
materials that are commercially available. These large,
inexpensive detactors have good spatial uniformity snd good
hlgh~nergy gamma-ray rooponae. Uniform llght anllactlon la
obtained with a light pipe attached to a pollshed Sclntlllator
wropped with alumlnuln foil. Best low-ene~ response 1s
obtsined by applylng a varlanoe analyzer to sehict the low-
energy blan level.

Intrductlon

O rganlc gamma-ray sclntlllatom are characterized ~y.
their fast response, moderate gamma-ray InteractIon, and
a val!ablllty In a wide varlet y of sizes and sh~pes. Those
properties mske organic sclntlllators, particularly solid
orgwdc%hstlc scintlllntors, the best choice In nuclear safe-
guwds for a number of applications ranging from assaying
containers for flealle oontent to perimeter radlatlon moni-
toring of peraonnd and vehlclea. Unfortunately, the approprl-
ute plestlc Sclntlllator for the job often Is oommerclally
nvsllablo only as raw material rether than es a flnlshed
radlatlon detector. Thus, a potential user must design hls
dctoctorl purchttse, essemble, and encapsulate tho compo-
nent% and then eva.hmte and calibrate the finished detector.
As these stops are seldom required with other gamma-ray
dutectors, the potential user may not have the necessary
lnformatio~ or experience to cnrry thorn out. Tho goel of
this pupcr Is to dcscrlbc tho propcr(los of plu.utlc sclntlllntora
tlmt muko them so useful nnd to oulllno u proccdurc for
constructing doioctnr~ for gnlnmu-rndlnt!on monitors.

Purl motcr-Monllorlng Dotoctora—

Porlmotcr monitors In nuclcnr wIfc~uurdM mumt ~onso
gummn rudlution In ti’o energy rnngu 0. I to tibout I McV.
In that rnngc, gamma ruys lntor~ct with plasllc sclntlllntorn
by Compton ~cuttarlng, und the I’rnctlon of illCkfOl)l rndlntlon
dutoctod (Intrlnnlc dotectlon c[flcloncy] Is wnnlls+r thr.n
WOUM bo the cnw for tho W:IIIO mm’ Inorffmdc slAIItlllntoru-
Ntd(’1’L), for Cxnlllplc--wlloru tho Knmmu rays, lntcrnct by tho
photoclcclric cffcctl iluwcvur, n low lntrln~lc III!l In”tlnn

of flcloncy cnn he tolorntud In plnuthx hocnusc the low of fl-
ricncy mm bo QUII,II(!II!U1l IMI ffJr lJy ihO hrgo dutcctor urcu.
‘1’ha urcn Is Incronswl rnthur lIIIIH (Itr thlcknowi IJCWIUW! lht!
Impruvunmnt III perforlnnmw IH llnonr WI(II nron hut
snturntas oxpwmntlully with thlnknnw.

An oxnmplo of Iho Intrlmde dntoctlon afflcloncy nnd Itu
vnrlnllotl with ~ntnmn-rny unurwy for .xlr plnntle rwlntlllntor,
N K-1 (12,** nppcnrx In l:l~. I. l~up oonll~nrl~oll, (1W Wlnlo 111-

fnrmntlun ror II NIII(’I’1) dolortor uf ld(!ntl(!IIl IIIIuI(II{!NH I?I

—— —.
●“MI Wurk WM suppurted I)y thd US I )apnrt mnnt of ltllfi~YI

of flea of Hnfqfunrds nnd $hwrlty, nnd lho WI I)nfonfm
Nuuhrur AgIIncy tlwmqfh (ha 11S NIIVNI I;loctronlw! HyritmnN
( :OIIIIIIHII(I.

● * N\lulenr ~l~te~)rlmeu I,td,, lloIIdlnK, l;n~land. !Ymllnr mnte-
‘8 rlnl lx nvnllnhla III ~ha US fronl Ill(!ron (WP., Newhury, OIIIU.

showrx if this were the only beds for choice, the NaI(TL)
detector would be ueed exclusively. However, performance is
based on total efficie:lcy, which, In this ease, Is proportional
to the proouct of Intrinsic efficiency and orea. An example
of total f?fflclency for two perimeter monitors with similar
performance (Fig. 2) shows the plastic to have greater total
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Fig. 1, The measured Intrinsic gamma-ray detect Ion of fi-
alcnoy of 3.8~m-thlok N E-102 plnstlo and NaI(’I’l! schNllla-
tors illustrates thnt gamma-ray Wsorptlon is bottur In
inorgardo sclnllllatorsl
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~ency over most of the gamma-ray energy region, yet
~ total detector cost for the plastic monitor is about half
the N al(Ti) detector cost. Other advantages of plaatic
eointillators are batter area coverage by the larger detectors
and relative freedom from temperature and mechanical shock.

Detector Deslun and ConMructlon

The large size of plastlc sclntlllatom causes llght collec-
tion to be more variable than In smaUer Inorganic sclntllla-
tom where direct or diffuse reflected llght collection can
provide good uniformity. Total internal reflection Is neces-
sary In large scintlllatorq however, it can transmit only part
of the llght from a distant cintillation,’ usually less than
50%; a single photomultlpli, at the end of a long narrow
scintlllator can coUect li@d only at Itsattachment ~lnt,
Nawever, scintillations In a large detector that are near the
photomultiplier allow direct light collection and r~’suit in
a much larger response. The extremes are Illustrated In
Fig. 3(a) and (b). Adding a llght pipe between photomultlpller
and sclntiUator ~erves to reddce direct llght collection and
Improve the homogeneity of tho detsctcr,i Fig. 3(c) and (d).

With Ilght collection depending on total Internal reflec-
tion, plastlc scintiUators must be fabricated and assembled
to assure a smooth interface between tha sclntlllator and
the surrounding air. Techniques developed for optimizing
cosmic-ray detectors apply here and result In four general
rules.

1. The aclntlllator should be a polished rectangular phosphor
with a uniform croea sect[on, a polished Iiqht guide, and a
mirror on the surface opposite the photomultipller.l

2. The sldea of the sclntlllator should be made totally reflec-
ting by loosely wrapping them with aluminum foil.’

3. An orlglnal glass-cast stirface 1s better for total Internal
reflection than u good polished surf ace.’

4. The light pipe length is determined from the sclntlllator
cross section and the critical angle at the sclntlllatormir
interface. The product of the croas~ectlon diagonal and the
tangent of the oritical engle Is a minimum lmgth for lhc
llght pipe,’
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The P.lumlnum foil wrepplng can be household foil held In

#ce with black polyvinylchlorlde (PVC) tepe. The bleck
tape forms a lighttight enclosure when applied In multlple
luyers with adequate care to completely cover the edges and
joints (Fig. 4).

The next step in assembling e detector Is to attach the
photomultipller tube. The photomultiplier tube selected may
have its diameter equal to the scintillator thickness or It may
be lamer. The more photosensitive surface in contact with
the scintlllator, the lerger the pulse height obtainad. UsueUy
a single photomultiplier wIU suffice, although more than one
can be used. The photomultlpllers are the end-window typl>
and have blalkali photocathodas for mlnlmum noise. A simple
fixture [Fig. 5(a)] holds the photomultiplier in place at an
opening cut m the foil-tape covering. The fixture can be
attached with strapping tape and llght naaled with PVC tape
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at Its adgos. The photomultlplier 1s coupled to the sclntille-”
tor with optical coupllng grease and llght sealed with PVC
tape at the fixture. Further mechanical attachment and
magnetic shielding may be required, but Is not shown on tne
assambled detector in Fig. 5(b).

Detector Electronics

The slgnakonditionlng electronics for plastic sclntll-
lators In perimeter monitors conslts of a bleeder string phoKo-
multipller base (operating at about l-kV high voltage for a
Hamamatsu* 580 photornultlpller), n mintlllatlon preampli-
fier, a pulse ampllfler (with a gain of approximately 1280),
and a single channel analyzer.

●Hamamatsu Corp., Mlddlesex, New Jcrney.
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“Fe ‘operating parematers C&r ‘plastlc. selntlilators . are\
much like Inorgank ecintiilators except that, for plastic, the,
intrhsic detection efficiency is greatly dependent cm the’
lower ievel discriminator (LLD) bias level. The family of,
curves in Fig. 6 illustrates the influence of bias level on effi-1
ciency cwer a wide gamma-ray energy range. Tho maximum
efficiency is I,” cd for the lowest bias volteg~ howevw, it
is possibie to lb. the bias to the point that more than just
gamma-ray scintk ‘ens are counted. Then, the statistics of
“counting can chang resuitirtg in a larger variance in the
Signel+ount dletrlbutmn and a correspondingly higher perim-
eter monitor false-alarm rate. An acc~ptable bias level
can be achieved meet rew!ily by cirect examination of the
counting statistics. If the :ount distribution is Poisson, as it
should be for proper operation, the variance will equal the
mean. An Instrument that does the necessary counting and
calculating (Fig. 7) ie described in another paper submitted to
this conference.7 The instrument, called a variance
analyzer, counts the single channei anaiyzer output and
carries out a continuing sequence of repetitive samples.
Eech group of 30 samples 10 anaiy’aed to determine its mean
and variance und these values in turn determine a result R.

R x (V8rkIftC13)0”s - (ITWIt)””s .

(meen)’” .“

Both individual results and a running average of result values
are displayed. A result average batween -0.’5 and +0.1 1s
aooaptable and a prooedure of varying the LLD voltage and
restarting the variance analy?er is followed until the desired
result appears.

With the variance nnalyzcr available, plastio eolntillh-
tors become as easy to USM IIS inorganic semtiilators whose
photoelectric Feaks aid calibration. The variance analyzer

‘offers an additional advantage because it Is sensitive
to electrical nolso originating In any part of the signal-

,condltioning eiectronicq thug, achieving an adequate WWIit,

vcrifles the entire SY! tern nnd ussimes thut the Inonltor wili
perform as expected.
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