feurnal of Eessarch of the Nafional Burecu of Stondards

Yol 57, Mo, S, November 1956 Fwaoorch Papee 27106

Efficiency of 4 7 —Crystal-Scintillation Counting:
1. Experimental Technique and Results

C. C. Smith, H. H. Seligez, and J. Steyn !

The tochilgue of da-cryatal-seincilation eomnting has bean appliod o the standardiza-

tion of heta-emitting nuel

ed, Phototubes viewing an anthracene sandwiched souree at

180" have bwen used with high-grin nonaverloading smplifiers in additign end in coincidenca

cirenite o obtain high detcetlon efelencles,

A precise gharted delay-line colncidence

anslvzer i deseribed,  The reaults of measnrements made with PR, Cot, SeY® I and
TI™ ero compared with those obtained by 4xf-gae-proportional counting.

1. Introduction

The method of 4xg-gas-proportional counting has
been established for some 6 years now far the primary
standardizgation of beta-emitting nuclides at the
Neational Buresu of Standards [1, 2, 3] The method
of 4x-liguid-scintillation muntin% has &alsc recently
been investigated st the Royal Cancer Hospital i
London [4). It was therefore considercd to be of
interest to initiate experiments to determine the
efficiency of 4w-erystalacintilation counting end its
ap;la‘]ical}ilil,}* to pritnary bets standardization,

hese measurements have now been concluded
and show that the method of du. bid-gein tdlalion
counting, althourh not as g‘EI’IB]'ﬂEIj" applicable n=
4x3-gas-proporttonel eounting, can be used for
mediom  and  hiph-energy beta-emilting nuclides.
1t i= the porpose of this paper to report briefly the
experimental results obtained for the benefit of other
interssted workers in the field.

2. Experimental Procedure

The cryvstal acintillation commlers used in these
experiments consisted of sandwiches formed by two
transparent anthracene erystals each approximately
1in. in diameter and ranging from }fm & im. 1o
thickness. Two Dument 6292 multiplier photo-
tubes, in contact with the backfaces of the anthracene
crystals, were used with high-pain nonoverloading
amplifiers to detcet light pulses oceurring within the
crystals, One of the experimental arrabgements is
shown in figure 1. The phototubes were inside a
light-tight refrigerator, with the lowered tempers-
tures being used to reduce the vandom thermal
tube noise. The entire =andwich iz surrounded by
an aluminum eylinder for complete light collection.
In this connection it was found that & 2-in. diameter
{:¥]inder gave slightly better light collection then one
of only slightly lorger dismeter than that of the

stals, presumably because the former enabled
reflected light to reach the phototube diveetly without

1 Qupd wiwker frodn the Nallodul Fhysion] Laboegbocy, Prokorig, 1nipn o
Boabh Albries, Nroda Jutiomcy to Jung 1058,
* Figures In brodkyis Bedisate the lifanior: meiemness nk gbe ond of bhin ppper,

]I:Eiﬂ retranstoitted throwgh the srvstals or scattered
¥ ihem,

Nogative hiﬁh vulﬁe was supplied to the photo-
tubes 30 that their anades could be connected directly
to the cathode-follower input prids. Voltages as
high as —1,400 v were vsed and alectronic amplifier
zuinz of 40,000 were, in some cases, found necessary,

The radiosctive material was generally introduced
into the sandwich by depositing an aliquot of the
activg solution directly onto the top face of the lower
crystal. The deposit wes allowed to dry and then
covered by the second erystal to form the sandwich.
Where special technigues were used to precipitate
the active material the sources wore prepared om
thin Fonnv&r—pa]ysgrene laminated films {10ug/em™
and then ﬂ:ced on the crystal free.

The pulses {rom the phototybes erising from the
lght pulses in the eryvstal sandwich were counted in
two ways, namely in additien and in ealneidence,
In the former method the sepirate phototube-
cathode-follower output pulses were added togother
and then {ed into a single amplifier snd counted. I
wes found that & single tube and hemispherical re-
flector srcangement was not ae cfficient as the two-
tube gddition method. In the epincidence method
the outpat pulses were fed into separate amplifiers,
thence inte o coincidence analyzer of short (1psec)
resolving time and ihe coincidences countad,

Each of these methods, two-tube addition and
coincidence, has advantages and disadvantages. In
the coineidence method the random noise pulaes origi-
nating in cach phototube will not be counted except
for those few mocidental coincidences arising during
the finite resolving tima of the coincidencc circuit,
However, it 18 necessary that a troa ]ig;h't pulsa
eriginating nside the sandwich be “zeen” by Both

hotatubes., This stringent requirement is abscnt
m the addition method o that the sensitivity to
very amell hght pulses is higher by at least & factor
of 2 ay comparad with the coincidenee method, Om
the other hand, the addition method suffers from
the limitation of exceasive phototube noise at the
high tnbe goeins sometimes required. DBecause the
phatotube noise is venally not reproducible to beter
than +5 to 10 percent the uncertainty in the knowl-
edpe of the true disintegration rate can become
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methods ag 28° O aond al —6° L. In cach case
the usable pleteau s considerably lengthencd at the
lowered temperature, Thess date ware nbtained for
a high-energy bets emitter, namely P For low-
ene betw emitters the plateau shrinks o a very
smm@gicn of phatotube voltage and the improve-
ment due to lowered lemperatures is even mere
atriking, For exmmple, TF® (E . =067 Mev)
exhibited & platean oniy at the lowered temperatore
for the addition method. At room temperature the
thermal-noise background at the phetotube pains
required was so large and erratic as to completely
mesk any plateau. Because of its better noise-
diserimination characteristics the volneidence method
was used for all of the lower-cnergy beta ctnitters,
at room teraperalores and at the lowered fempera-
tures. [t i= particularly in these cases that the cor-
rections for dead-time and coincidence reaolvin

tame bepome importani. In a separate paper [6

both approximate and rigorous derivations for tiese
coanting losses are given and their range of applica-
hility is discusesd. Because it iz shown that the
approximate derivation can be employed under the
present experimental conditions, only these correc-
tione will be summarized here,

In chanuel I, consisting of phototube I, amplifier
I and dizeriminator and gete L, o counting rate N{I}
is observed with

N{[=N,+N.. (1}
N, s the observed thermal tube notse of phototube T
and N, is the observed “trec” counting rate «doc
to the sourse,  Similsrly in channel 1L for photo-
tube II viewing the opposite side of ihe sandwich

.ML:II} = N:‘J‘ Nrm [;2}

The desd-time losses are due lo the introduction of
an cloetronin gate « (rgy=v} whose duration i3 in
all cases longer than the resplving time of the non-
overloading amplifice. The use of this fixed pate
insurcs & precise correction for dead-time ns the
amplifier resolving time is dependent upon the
depree of overload or pain. To a first approxime-
tion the fractional dead-time loss due to nome and
“troe’ counts in both channels is given by

E—r (N(I) 4+ NAD—N,o+ NINTw), (3)
remembering that N, cceurs s doth channels simul-
taneously and should be correcled for only emee,
Again to s first approximatien the obzerved coinei-
dence rate N s relﬂted to N by

N.=N,.+2.N.N7, {4}
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where -, ia the resolving time of the coincidenca

analyzer; the laat term in eq (4) being the accidental

coincidence rate due to random noise.  From oy (3)

El;;ld (4) one ohtains the total dimntegration rate,
.. 08

 Ne—2eNLNT _
1= (D + ML) =N~ 27 NiNF NN )
(5)

In a blank experiment, i. ¢., no seurce present,
(Vo)o= (Nidpt 27 (N NDhy (6}

[Needy arisea Droby cosiie rays, possable conteming-
tion of the ervstals, und Avucrescence in the glass of
the phototubes. In setunl practice (N ). (N (I,
a0 that with very litle error &, in eq (5) and (6) can
be set equal to (AN{I}),. Likewise N''e={N{I[})..
The diintegration rate of the souree N, is then
given to within & few tenths of & percent by

No=N— (N (7]

hi"‘ =

Figure 4 ahows the extent of these correelions in the
caged of T anud Co™.  The dashed curves represent
the observed walues of N,— (N.)p a5 functions of
phototube voliage for both isotopes at 28° C and at
—6% C. The solid curves, representing these datn
corrected by means of g {5), (6), and (7), give N,
the actual source disintegration rate. Due to the
high noise counting rates at room temperatlire the
cotrections required were appreciably higher than
those for the lower tempersture, making 1t imprac-
ticabie to continue any messuremsnts st rooMn tem-
perature past —1 2040 v

Table 1 gives 8 summary of dsta obtained by
means of the 4x-eryatal-seiniillation technique for the
nuclides P, Co*, S —Y® ¥ aod TP, comphred,
with messurcments made in the 4rfgas-propor-
tionga! eounter.

This comparison points up & zerious limitation of
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the 47-crystal technique for low-en beta omitters.
Becavse the minimum pulse obeervable is that caused
bﬁ a B]'EE]%'IE pholoelectron being emitted from the
photocathode therc is & definite energy cutoff thet
will depend wpon (&) the intrineic photon efficiency
of the crystal, {b) the transmission of the crystal to

ita own light, {¢) the cxternal light-collecting geom-
ciry, and {d} the photoslectric efficiency of the
phatocathods.  The variations in ohscrved officiency

for Co™ shown in table 1 are probahly due to com-
binations of these factors.

It is probahly the ease that for low-energy beta
particles the photon cfficieney of crystal anthracene
will be lower than 1 photon per 85 ev [5]. If one
nssnmes an average efficiency of 9% percent for the
4= sandwich—crystal method in the case of Co™ it is
possible to meke some estimate of this value [or
anthraeens for low-ene bets particles. Ninety-
five-poreent enincidence efficiency corresponds to 97 .5-
percent single-channel efficiency or 8 2.5-percent loss
of luw—eue&gy bota poarticles.  As roughly 2.5 pereent.
of the Co™ bela spectrum 1= below 5 kev in snergy
this would corcespond to & minimum energy cutoff
of 5 kev, Apgnin assuming a 5- nt photoeleclric
cfficiency for the phﬂmt-fl:)e photocathode one ob-
Lains & photon cfficiency for anthracene of the order
of 1 photon per 120 ev in the range 0 to 5 kev. Thie
ia not an unreasonable figure, for in thiz range the
specifie onization of electrons is & very rapidly rising
function in the direction of decreasing enerpy.
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4. Conclusions

The dx-crystalascinlillelion technique is suitable
for the standerdization of medium and high-ene
beta emitters and in this energy range givea resulta
that agree quite well with resclts obtained with the
4xp-gas-proportionsl counter, Ome possibla ad-
vantage of the former method is the higher density
of anthracene relative to the counter and the
consequently higher efficiency for the detection of
X-rayz from electron-capturing nuelides. This may
prave useful in the standardization of electron-
copbering nuclides,
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