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A fast nentron dotector with an efficiency of
" a fevw percent and the eapabinty of dezeeung peutyrons in

the presence of mWnee gamné~Tay background.s bhas been
developed. The detootor consiste of a 2aS and lucite
molded eylinder used in conjunction with a 5819
'photomnupne: t}:‘bﬂ. fhis detector 15 well suited %o

experiments requiring "good geometry" aad pulse speede of
' the order of 0.1 usee. (A'/wwx) | a ' /
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INPEODUCTION

‘ @ scintillation detootoy has bhean develo'ﬁéd which will pémls the
dotection of gasﬁ neutmns wvith moderate efficiency even in the pfesmcq
of & muoch ssronger background flux of hard mmagra_dxation. e detectoy
consists of & uniform dispersion of Za8 mms molded directly imto

lucite. The lucite serves the dual purpose of supplying the proton recoils
which produce the light scimtillations in ths phosphor, and of transmittiag

Ns light %o a photomltiplier tubs.
Baylior, a fast neutyon detector, employing two 931~A photomtipuaz'
tubes in coincldence and in conjunction with a simple in8 lucite sand~

- which, had been used. (1)%19 detector gauve an efficiency of approximately

=4 with Ba-Be noutrone when operated at & discriminator bias

1.5 x 10
suggested by the authors $o give good Y-ray suppression. ZHEmploying the
newer %819 photomultiplier tube with its photo cathode area coated with
& layer of hardened ZnS end polystyrene dope paste, an efficiency of
(Z)A@n a

diseriminator was ugsed set %o & blas which gave good Y-ray suppression.

approximately 5.5 x 10"'}‘ was obtalned for Ba-Be meutrons.

It should also be mentioned that the efficlency of & detector of the
latter type had besen raised somevhat by the addition of enhér

Th 0, or U 02 (503)2'6 320 to the Zn8 and polystrene dope paste,
making poesible the detection of the scintillations dus to fission

produced by fast neutfons (3)
The present detector wao made by noldiug together a thoroughly .

blended mixture of Zns poudar(h)and lucite mmxng powder(s ) . %he two %

(1) ¥.0.Moulton and c.w.{snam» Rev.Se¢i.Inst. 20, 766 (1949)

(2) H.Prey Rev.Sci.lmet 21, 886 (1950)

(E) Euan - Sun and ¥.B.Shoupp Bev.Sei.Inst 21, 395 (1950)
(4) RCA phoephor number 33-2-204

{5) Polychemicels Deps., Du Font De Hemours Co.
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powders having asensibly the saﬁe graia dlameters permitted a fairly wnifomm
mizture %o be obtained. The molding was carried out at epproximately
EDOQ pei and 120° ¢,

The molded cylindey or "button® which resulted, was mounted on a 5819
photomul ¢iplier tube with an aluminua reflector and am 0il contract betwaea
the button and the tube surface. The budtoms having high efficiency are
rather opague because of the lerge amounts of Zn8 required. !hé photomul tiplier

. tube anode resistence was 240 K(\ which with a stray shunt capacity of

approxinately 20~pp£¢ gave aa-Bc time constaat of 5 uaee. In view of the ZnS
phosphor light pulse deszy characteristics, ﬁo be mentioned later, and in
vieﬁ of the pature of photomil$iplier tube noise thig 3C time constant

glvos ea optimum signal to noise ratic 28 expected. 4 cathode follower

preamp feeding e wide band smplifior was used.

PHOSFHOR CHARAGTERISTICS

It seomed advigable to study some of the properties of the s
phosphor itself. 4s 1s well kmown, & considerable number of pho spho reseent
light scintillations are obsorved to come fror ZnS whiech has previously

been exposed to light for some $ime. With the above circult constants

~and & pulee discriminator setting Just above the photomultiplier tube molee

gpecirun, 105 pulges per see wore observed 6 minutes after exposure from &
button containing 1.5 grems of ZaS which had beea oxposed for three hours
to direct sunlight. Ome hour after e:posure‘ihe rote was bnly 1 pef 8e0.
Twenty hours after expéeure no rate was detectable either above or well
ingide the photomnlttpliér tube noise speesrﬁm. The observed decay of the
numbey of pulses as & function of time could Bot be fitted with either &

8imple exponentisl or power law. In view of the above reosults it is necessary

" to keep the neutron detsctors of the type discussed here in absolute darkness

é
for at least 20 bours before use to obtain the best signal o "maies® ratio.
The decay character of individual pulses, Pﬂoeuaed for example, by

‘ v
P L _ | ?3'
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" amparticles on ZaS powder was aleo found %o be complex. An imitiel

-u;‘

“degay time® of the order of 0.1 usec as well as a longer comporent of the
oxder of 5 useo was evident. The integrated light output (voltage developed
across an BC ¢lrcult with & 25 upseo time'oonstant) reaches one third the

total peak value in less than 0.) psec. Because of this fast decey time

componant, & ZnS powder cepartiele detector has deen successfully used in

a coincidance expérimént with resolving $imes as low as § x 1!)""8 280,

Particles of high specific lonization such as protons and a~particles
produce light pulmsee in 206 vhich are comparadble to light pulses from Hal
.ander identical conditions. However, clectrons of 2 few iev snergy produce
pulses in ZaS just detectable above photomultiplier tube moise (average 5819 at

oz temperaturs).

DESIGH CONS1DERATIONS

for 2 molded button fast neutron detsctor of the type discussed here,

the determinstion of an optimum oS grain size, relative weight of Zn8 to
“luocite, and button thickness depends on the emergy of the neutrons to de
agtected.> A neutyon energy of approximately U ﬁev (¢he mean neutron energy
éf & Po=Be source) was taken nae a represenmtative c¢ase. The phoephor grein
dlameter should be no greater and preferrably lees than the mean range of the
recoil protons in Za8, whléh for the case considérad ic approximately 35 miecroms.
The grain size of the Zn8 ﬁowﬂer as it comes from the manufacturer ranges
from 8 - 25 microns, and héncu is directly usable. A study was made of the
efficlieney as 2 fﬁnccion.of the mesn spacing betv@en phoaphoy greirs. In
Flg 1, curve & shows the ef?iciency for detecsing%Pb-Be nsﬁtronsvas &
funcfion of the welght of ZnS for various buttons, each with 3.3 grems of
lucite (the buttons were 1 inch in diameter emd approximately 1/4 imch im
height). It will alvags be uiderstood that the efficiency is for a flux

entering perpendiocular to the circular face of the dotector. 4



digcriminator vas used, set to eccepd ell pulses greater than the photomultiplier

tubs moise. The predioted efficlemcy eurve b , given for comparison, 1s based on
& aiaplé estimate taking the mean neutron scattering cross section as.a barans,
mean recoil proton renge e.a'éo microns in lucite and a Zn8 grain dizmeter of
16 microns. Using these veluss the total frection of the meutron flux
scattered by éhe lucite is ostimated to be 6.6 percent. The fracﬁion of the
racoil protons thus formed which are detected through setnnlléuons in 500 nmg of
phoasphor, for sﬁapie. 16 pre«aiéted_as 22 percent, giving a total efficlency of
1.4 percent. As expected, the predicted efficiency is hBigher than the observed
efficiemcy’ because of the increasss of light opacity of the dutton with increase
in the amount of Zn8 and the subsequent loss of pulses into the tubde moise
background. An experiment was run in which the extrapclated maximum pulse
hoeighs, obdtzined with a 3.5 Mev a-particle source in contact with a thin layer
of Za8 pbwder dusted directly on the photomultiplier cathode fuce, was compared
with the extrapolated maximum pulse height obtained with the amparticle
soﬁfce ia contact with the top face of ome of the buttons used 2bove. The
1ight transmiseion for theo entire thicimese of button gomtaiming GOC mg of
Zns, for emplel.‘ wzf;s thus found to be | percent (geometry fzctors being
neglacte&-), ‘this 8%ill corrssponding, bowever, %o an extrapolated maximum
pulse height of approximately 15 time noise. Pulses from the a~particle
80urce were Just detacmblé above noise for the satton éentaining 1500 mg of
788, |

The sbove conéideraucnez-. wodified by light geometry fe.ct;ors vhen
groater datector thicknesses are imvolved, lea&s; to an optimum design of
1.5 graém of Zn3 in 10 grems of lucite (a cyund;far 1 iach in dlameter and

5/8 of en inch in height). Vhile this button has 3.0 times the atabunt of

lucite as the button having t.he gseme proportionate weight of Znd used in the
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- .above experiments the éfficiemcy was found to bBe only 2.3 times as large.

ERFERIMEHTAL RESULTS
The integral pulse heignt spectrﬁm observed with this larger button
with vgrlcus neutron sources is givem in Fig 2. The curves show tue aumber .
of scintillations detected per 105 incident neutrone (and the efficiency)
as & function of discriminator setting. The absolute meutron flux calibration

for the Po~Be source was relisble to within approximately g 20 percent.

Momoenergetic neutrons of lk.2 Mev were obtained using the ?(a,n) reactior run

with the Brookhaven electrostatic gemerator. Substantially monoenergetic

.50 Hev neutroms were obtained with the L17 (p,n) resction. In these two

cases the absolute neutron flux was lmown to ¢ 5 percent and g 10 percent

respectively. In the pulse helght units of Fig 2, the C8137 gamue~ray line

' (0,66 Mev) in a Hel crystal phosphor mounted on the same photomultiplier tube

‘occurs at 100. Farther experiments with the reaction T(p,n) indicated the

possibility of detecting meutrons having energies as lov as 200 Kev.

The sonsitivity of shis large button to gemmp~-rays of various energies
ie shown in Fig 3. For convenience, the pulse height unit is the same as
in g 2 and che curves have been mormalized %o 105 incident quanta. The
17.6 MHev gammas® were from the Lt7(p.v) reaction, the 2.9 Hev gammes from
the radioactive decay of Rn106 and the 1.2 Mev gammsg®*® from the radioactive
decay of 6060.' The phot&multlplier tube noige spectrum per 1/2 éinnte Tuns
is also given. The absolute gamme-ray flux calibrations are + 2, £ 30, £ 10
percant respectively.

Tﬁe Rn;os curve wes not continued below a blas setting of & since

& marited increese in slope occura at this point indicating & substantial

* agtually e mixtare of 70 peroent 17.6 dNev &nd 30 percent 1.6 Mev

ZOTNA=-TAY 8 «

*® mean energy of the two 0060 GamnBS.
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‘gontribution to the count rate from the 1.5 Hev and lower energy gamma

components of this source.

The neutron spéetm‘a of Pig 2 for the Po<ds source and the Li7(p,n)
reaction were measured in the ﬁreéence oi’ gaunemray backgrounds. Fig 4§ has
veen included partly to dsmomstrate that in the latter cuse the bdackground
represented & completely megligidle correction, and partly to give an
example of @ typiocal 6ase in which Both low energy meutrons and energetic
gmma‘s are preéent. Pig U shows she separate contribution of the 5813 tube
noise, the l?-G.ﬂev gam&érayqu. and the 0.50 Mev neutrons to the scintillation
pulse helght spectrum odserved when Li is bombsrded with 2.35 Hev protons
(thick target. forverd direction). The pulse helght unit 18 again the
sane as in Fig 2 and 3.

Po determine the separaté contribution of $he hard gemme-rays it was first

necessary to obtain Sthelr yield as & function of bdombarding proton eunergy.

ﬁ’oi this purpose a lal detector wes used with a diescriminator set to accept
pﬁlses groater than those oorzreéponcung to 10 HMev ascintillation eventa, and
thersby preferentially detectlng oniy the hard gammes-reys. The relative
yield of hard gammae was thus obsalned for a renge of pmton energies from
the O.U4 Hev p,Y resonance through the 1.89 Hev p,n threshold up to 2.35 Mev.
The pulee height spectrum for the hard gaméé-radiatioa on the 788, lucite
deteotor was obtained at a proton emergy of 1.70 Hev (pelow the p,n

threshold). A simple mormelization then rosulted in the spectrum shown in

”ﬁg. k., The tube moise is for the length of time ,c.,__f an average run.

CONGLUSIONS
Table I, bussd on a comparison of Figs 1 and 2, shows the efficieneies

attainable under various b&fmckgmmd corditions. It is aosumed that the

total bagkground rate is equal to the total neutroa rate to be dtected.
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PABLE
) [}
Background ' ‘Dsoriminator '  Percent efficiency at indicated
Limitation ' Setting ' neutron energles '
] . 1
. . [) i )
' ' 12 Mev , ~ kMY , 0.50 devw
— ' ; : .- '
Tabe noise ! 10 ' 8.0 ' 2.5 ¢ 0.70
‘ ! ! ' '
_ : : ' '
$ [}
B, 2L 3 iev ' 15 ' 6.8 ' 1.7  , 0.28
’ : : t ]
N ' ] ]
' R [} t
’ 1 ¥
<_ 17 Hev : 30 : k.0 ' 0.86 , 0.12

» 4pn inspection of Table I ahows that the efficiencies attalnable with
the present detector are substantially greater than those hitherto obtained
- for Zn8 peecolil detectors. %olmiquas designed to suppress thse large

gamnaeray scnsitivity of such weintillation phosphors &s KI to permit

the dateotion ofjneutron induced recoil protons in the presence of guunso-
ray beckgrounds given neatron desection efficienciss mot far below
thoge obtuined here, 6) but the success of the gomms sensltivity suppression
is coneidersbly less than vu;h the present detector.

(6) @.8.Harding HNature 167, '14257 (1951)
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Fig 2.

Fig 3.

- Fig k.
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Figure Gapéions

Vapiation of detector efficienay with welght of ZnS in 3.3 grams
of lusite. Ourve g observed, curve } estimated prediction, for
Fo=B8 source.. A

Intogral pulee height apecﬁrﬁm and efficiency as a funetion of
discriminator setting for verious meutrons gources. Detector
conteined 1.5 grame of ZnS in 10 grems of lueite.

" Integral pulse height spectrum end efficiency as & fumction of

discrizinstor setting for verious ganne-ray sources. These curves
are for the pame detsctor used in obtaining the experimental resulils
showr in Pig 2. The discriminater units are the same as those of

Pig 2. The 5819 photomultiplier tube molse spectrum per 1/2

minute la also given for comparison, room temperature.

Tho separcte integral speotrum contridations of tubs moise, 17.6 Mev

gamngs-rays, and 0,50 Hev neutyons when ILi is bombarded with 2.35 Mev

- protons (thick terget, forward direction). These curves are for the

sane deteotor used im obtaining the experimansal rosul te shown in

Figs 2 and 3.
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