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COPING WITH PLASTIC SCINTILLATORS
IN NUCLEAR SAFEGUARDS*

P, E, Fehlau and G. S. Brunson
Los Alamos Natlonal Laboratory
Mall Stop J562
Los Alamos, New Mexlco 87545

Summary

Plastle seintillators offer several advantages for nuclear
safeguards research and technology to those who design,
assemble, encapsulate, and callbrate detectors from raw
materials that are commerclally available. These large,
Inexpenslve detectors have good spatial uniformity and good
high-energy gamina-ray response. Unlform light anllectlon ls
obtalned with a light plpe attached to a polished selntlllator
wropped with aluminuin foil. Best low-energy response ls

obtained by applying a varlance analyzer to selact the low-

eneryy blas level,

Introduction

Organle gainma-ray scintlllators are characterized -by-

thelr fast response, inoderate gamma-ray Interactlon, and
avaliabliity In a wlde varlety of slzes and shapes, These
properties make organle scintlllators, partlcularly solld
organlc-plastic selntlllators, tho best cholce In nuclear safe-
guards for a number o!f applications ranging from assaying
contalners for flsslle oontent to perlmeter radlatlon monl-
toring of personnal and vehlcles, Unfortunately, the appropr!-
ate plastie scintillator for the job often Is commerclally
avallablo only as raw mnaterlal rather than as a flnlshed
radlatlon detector, Thus, a potentlal user inust design hls
detocton purchase, assemble, and encapsulate tho compo-
nents; and then evaluate and callbrate the flnlshed detector.
As these stops are seldoin required with other gamma-ray
duotectors, the potentlal user inay not have the necessary
Inforinatior or experlence to cirry them out. The goal of
this paper Is to describe the propertles of plavtie selntllintors
that make them so useful and to outhine a procedure for
constructing detectors for gamma-raciation monlitors,

'orimoter-Monltoring Datoctors

Parlinoter monitors In nuclenr snfeguurds innat Ronse
gamma radlation In tie energy range 0.1 to nbont | MceV,
In that tange, gamma reys Interact with plastie sclutilintors
by Coinpton scattoring, and the fructlon of ineldent rndlutlon
deteetod (Intrlnale dotectlon effleloncy) Iy swmnller then
would be the caye for tha s:me size lnorganle sclntlllators—
Nal('t), for exnmple--where the gnmma rays Internct vy the
photocleetrle cffect, ilowever, n low Intrlunle slateetlon
effleloney ean be toleratod In plastics becnuse the low effl-
clency enn bo coupenynted for by ihe large detector aren,
T"he arca Is lnerenged pathar tinn the thickness because the
lmprovement In perferamnea 1o Hnoar  with  npen tmt
sntueates exponentinily with thioknoss.

An axample of the Intrlisle dotectlon offlclency and Its
virrlntlon with gammm-=ray anergy for our plustie sclutiliator,
NE-1n2,** uppenrs In Flg, 1. For comparlion, the samo ln-
formation for n Nal('I't) detector of ldentlenl thlckness In

*hls work wans supported by the U8 Dapartinant of Innrgy,
Offlca of Safoguurds and Securlty, and the US Dafeuna
Nuclear Aganey through the US Nuval Eloctronley Syntems
ComnAml,

**Nnclear Euterprises Ltd,, itonding, Hugland, $tnllar mate-
rial In nvallable In the US from Bleron Comp,, Nawbury, Ohlu,

shown; If this were the only basls for cholce, the Nal(T%)
detector would be ugsed exclusively. However, performance is
based on total efflele:cy, whieh, In this case, Is proportlonal
to the proauect of Intrinsic efficiency and area. An example
of total efflclency for two periineter monitors with similar
performance (Flg. 2) shows the plastlc ‘o have greater total

LA N B L A B M DL NN RRNND BN DL R RN DAL B

[o]
<

F 1

[od
[
T

Nol(TLI

o
2
1

PLASTIC

[
N
_

INTRINSIC DETECTION EFFICIENCY
(o]
[

M T T 1 N S T | _;1/-]
0 Zw 400 600 ew |000 IZOO 1400 1800 1800
GAMMA -RAY ENERGY{keV)

o

Fig. |, The measured Intrlusle gamma-ray delectlon offi-

olenoy of 3.8-cin-thlok NE-102 plastlo and Nal(l't} scintllla-
tors lllustrates thnt gavnna-ray absorption ls botter In
lnorganlo seintlllators.
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MK, 2. 'The total gamma-ray daetectlon effielanay of monlitora
having 3.H-cm-thlok detaotors with deteator areas In the
ceatlo of LY to | shiows an advantuge for the larger plastio
deteetm s, Tho datentor cost for the plaatle monltor Is nlsn
fava=ahle, abont aalf that for the Nal(T1) monltor,



ency over most of the gamma-ray energy region, yet .

the total detector cost for the plastic monlitor is about half
the Nal(Tt) detector cost., Other advantages of plastic
scintillators are better area coverage by the larger detectors
and relatlve freedom from temperature and mechanlcal shock.

Detector Deslgn and Construction

The large slze of plastic scintlllators causes light collee-
tlon to be more variable than In smaller lnorganle scintllla-
tors where dlrect or dlffuse reflected llight collectlon can
provide gocd uniformity, Tota! Internal reflectlon ls neces-
sary In large scintlllators; however, It can transinit only part
of the light from a distant ecintlllation,' usually less than
50%; a single photomultlpli- at the end of a long narrow
scintillator can collect light only at Its attachment polnt.
However, scintillations In a large detector that are near the
photomultiplier allow direct light collectlon and rusult in
a much larger response. The extremes are lllustrated In
Fig. 3(a) and (b), Adding a light plpe between photomultipller
and scintllator serves tn reduce direct light coilectlon and
Improve the homogeneity of the detzcter, Fig. 3(c) and (d).

(n)

()

With light collection depending on total Internal reflec-
tlon, plastle scintillators must be fabricated and assembled
to assure a smooth Interface between the secintlllator and
the surrounding air. Techniques developed for optlmlzing
cosmlc-ray detectors apply here and result In four genecral
rules,

1. The selntlllator should be a pollshed rectangu‘ar phosphor
with a unlform cross sectlon, a polished light gulde, and a
mirror on the surface opposite the photomultipller.'

2, The sldes of the scintlllator should be made totally reflec-
ting by loosely wrapping them with aluminum foil,*

3. An original glass-cast surface s better for tota! Internal

reflectlon than u good polished surface,"

4, The light plpe length is determined from the scintlllator

cross section and the critical angle at the scintlllator-air

interface. The product of the cross-sectlon dlagonal and the -
tangent of the oritical angle Is a minlmum length for the

light pipe.’

(c¢)

FIge 3, e pmlsa-haelght response of n pinsthe selntiiintor (7.00-0m wide, 3,8-em thiek, and fl-cm logg NE=1112) 1o n "' Nu sonpee
plurad at (n) the selatilator funt wad (L) the oppeste GDatamnltlar) md, Dlevet Hght entectlar @optellmten muaee in (n) s
(h) than In (o) ansd GF whern a 12,7 vne-lingg rartangulne Light plpe s been added,



The rluminum foll wrapping can be household foll held In
place with black polyvinylchlorlde (PVC) tape. The black
tape forms a lighttight enclosure when applied In multiple
layers with adequate care to completely cover the edges and
joints (Fig. 4).

The next step In assembling a detector is to attach the
photomultipller tube, The photomultiplier tube selected may
have its diameter equal to the scintlllator thickness or It may
be larger, The more photosensitive surface in contact with
the scintlllator, the larger the pulse height obtained. Usualy
a single photomultiplier will suffice, although more than one
can be used. The photomultipllers are the end-window type
and have blalkali photocathodes for minlmum nolse, A slinple
fixture [Fig. 5/a)] holde the photomultipller In place at an
opening cut in the foll-tape covering. The fixture can be
attached with strapping tape and light nealed with PVC tape

at Ita edgos. The photomultiplier ls coupled to the secintllla-
tor with optical coupling grease and light sealed with PVC
tape at the fixture, Further mechanical attachment and
magnetlc shielding may be required, but Is not shown on the
assembled detector in Flg, 5(b).

Detector Electronics

The slgnal-conditloning elactronles for plastic scintll-
lators In perlmeter monltors consits of a bleeder string photo-
multipller base (operating at about |-kV high voltage for a
Hamamatsu®* 580 photomnltipller), a scintlllatlon preampll-
fler, a pulse anplifler (with a gain of approximately 1280),
and a single channe! analyzer,

*Hamamatsu Corp., Mlddlesex, New Jersey,

Flg, 4. (a) lousehold almmluum foll loosely weappad aromuml
the sclutillator provides an ule lnterface for the selutllintor
mul yarven v n omleror, partloularly at the foot of the
dotector, (D) A Dlack tape wrapplng secures the foll al
formy n lighttight enelosire,

()

FIg. 8. (n) A slmple lolding fixture for the photonmitiplic: |y
ll:tutul|°(|l:’lv‘l!lr m: opeulug In the nelntdlntor coverhyt, (h) The
photomuitipller Is coupled to the selutilin®or aned |l )
with u flunl luyer of tape, el Rt sonte



" The operating parameters for plastic: selntlllators are.

much llke Inorganlo scintlllators except that, for plastie, the.
" intrinsic detection efficiency ls greatly dependent on the:
lowar level dlserlininator (LLD) blas level, The family of,
curves in Fig. 6 lllustrates the Influence of blas level on effi-|
clency cver a wide gamma-ray enorgy range. Thoe maximum’
efflclen2y is -ed for the lowest bias voltage; however, It:
|s possible to lo. the blas to the polat that more than just
gamma-ray scintiu. ‘ona are counted. Then, the statlstics of
counting can chang ° resulting in a larger vaylance in the
signal-count distributiun and a correspondingly higher perim-
eter monlitor false-alarin rate. An acceptable bias level
can be achleved most reua lily by clrect examination of the
counting statistics, If the ‘ount distrlbutlon ls Polsson, as It
should be for proper operation, the varlance wlll equal the
mean. 4n Instrument that does the necessary counting and
calculating (Fig. 7) s deserlbed in another paper submlitted to
thls conference.) The Instrument, called a varlance
analyzer, counts the single channel analyzer output and
carrles out a ocontlnulng sequence of repetitive sainples,
Each group of 30 samples ls analyzed to determine Its nean
and varlance und these values in turn determine a result R.

R = (varlance)'*® - (mean)®
(mean)"® .

Both Indlvidual results and a running average of result values
are displayed. A result average batween -0.1 and +0.! Is
acceptable and a procedure of varying the LLD voltage and
restarting the varlance analyzer la followed untll the desired
result appears, :

With the varlance analyzcr avallable, plastic sointlila-
tors become as easy to use us lnorganie scintlllators whose
photoeleotric peaks ald callbratlon. The varlance analyzer
‘offers an addltlonal advantage because It Is sensitive
to electrical nolsa origlnating In any part of the slgnal-
veondltloning electronlcsy thus, achleving an adequate result
verifles the entlre sy:tem and ussures that the monltor will
perforin as expocted.
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Flg. 7. The varlance analyzer permlits the proper LLD
voliage to bo rapldly determlned.
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