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The Liquid Scintillator Beta-Alpha Method
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Necember 2, 1993

The Beta-Alpha Coincideuce Method

The f-a coincidence measurement of cancentrations of 280%h hiuges on the Jast
faw elements of the chain. The beta decay of 3'2Bi, with an endpoint of 2.2 Mev,
is followed by the 8.05 MeV alpha decay. of #17Po. The polonium has a half-lifc of

306 ns, and so if the beta can be detected a subscquent scarch for the alplia can be

cuuducled over Gireseales of the order of microseconds with resolations of the order of
nanoscconds. This mcans that the background from single, un-correlated pulses, such
as the other elements of the chain, cosmic rays and room backgraimd is reduced by
. large factors. ‘There is a similar but much slower (164s) coincidence in the uranium!?
. chain which is essentially the above systom with two neutrons added to cach nucleus.
The possibility of measuring the thorinm snd uranium chains simultancously is thus

obtaincd. ' .

Tle method used by the authors is a detection system based on a liquid scintil-
lator source coupled to a pliotomultiplicr. This has the advantages of experimental
simplicity and a necessarily fast recovery time from the initial £ pujse. The use of
water miscible liquid scintillator allows samples from most water systems Lo be mixad
directly with the détection mediumn, and maximal goometri¢ cficiency is guarauteed.

cutupariug f-o uethods.

The malin limitation of such & system is that the maximum eflicicucy is determined
by the branching ratio for the initial 3 decay. In the case of the thorium chain this
is 64%, while for the uranium chain the branch is 99.9%. Counting cfficiencies of
around 80% have been obtained, with the other 20% being lost to thic time cut on Lhe

n the following document ‘thoriumn chain® applies to 22¥Th or 232T), while ‘uranium cliin’
applies to 211 or mare specifically “Ra )
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exponential und the low cnergy botas. Such a number gives dfliciencies {or thorium
counting of around 50%. This efficiency is aluust independent of the scintillator used,
as the only dependance on light yield is at the low cnergy beta cut-off imposed by the
Jow level discriminator. The tube voltage can also be adjusted with a fair degree of
ilnpunily Lo increase the heta signal and circumvent this problem. Al present two low
background channels of a modular system have been assembled, with » further four
in production. A drawing of this aystom ia attached. A scparatc system, consisting
of a non-shiclded 3" PMT, is being kept for Ligh count rate work.

An anti-coincidence stage has slso bexn uldcd inurder Lo veto-the systein with
respect to cosmic rays. ‘This is necessary as the large number of photoclo:ctrons (of
order 2000) produoed by a minimum ionizi | potnhua] parude l.ravellmg thraugh. the
scintillator is enough Lo make the discrintinator re-fire on the falling edge, and bogus
coincidences areseen:. Pulse: hmght <t can aleo be applied to-achieva the same offect,
although & hardware aption is always prefcrable.

Source preparation involves adding the aqueous solution to be counted dircatly to
the sciutillator and scaling.the source. The wa.l,i:rlsamillator combination forms a
clear mixture afler around 30 seoonds of shaking-and’ thie'sotrce is then placed directly
on the tube after having heen smeared with an optical coupling eompound. “The tube
vollage is applied and couutiug can begin immediately. The total time involved in
preparation can be less than five minutes, to allowing measuremeats of 10 hour lead.
The standard sample holder is & 60 ml PMP j jar from Nalgenc, the bottom of whndx is
mackined w a flat. Using high capacily scintillabors, Chis allows 10 mi of an aqucous

" sample to be counted. Acceptance tests have been carried out and-sample loadings

of 25% (ie 15 ml of a total volunie of G0 ml) have been confirmed for: 0.1M 1,80,
10% MgCl; and TM HNO,.

Recent work has been on two major arcas: the first ic the oounl.ing of the uranium
chain, the sccond is pulse shape discrimination (PSD). The uranium chain measure-
ment is simple in principal in that the coincidence gate just has to be widenedifrom
1pss (o 500ps. Tests whiere this has becn done? show that efficiencies for 2 Bq spikes
arc around 80%. This corresponds with the 80% counting cfficicncy mentioned ahave
far tharinm and Lhe 49% branching ratin.

Pulse Shape Discrimination

The work on pulse shape discrimination has looked at the systematic differences

25 ee figures attached.
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hetween the alpha and beta pulses due to their respective energy deposition wethods.

The digitiziug of the pulses is at present done with fast digital oscilloscopes, some of

. which can resolve down to (he half nanosecond level. As an order of magml.udc. the
rise time of the 2 inch tube s around 7 nanoseconds.

Algorithms for separaling alphas aud betas have been Losted by taking true bota-

alpha coincidenecs from epiked: ¢ources md. looking:at: l.h"""l‘._a.da ‘of the: pu]m: “The

alpha pulsc ims a mucl: Iargcr tail I.lmd I.hc bd.a, nnd llua dxffctmce exumds over &

and this soenwslxghtly better & lhe -QrIoT on° tlm pcak~_m is cmaller. ‘This opena
up the poczibility of using two gatod ADC 1o nicasuire the tail chasge and the total

_charge, and henee full digitization of the pulsc would be unnecessary. The figurcs
attached show average beta and alpba pulss aud scatler plots of the tail area agatnst
pezk beight. -

As can be seen, a good degree of separation is obvious, even mare o in the third
figure, which shows the distribution of the given ratio for alphas and botas. Such a
graph shows a cross-over of only around ten eveuts in 2000, leading to a pulse shape
discrimination of approximately 0.5%. In practice, any cveats above a certain valuc
would be classed as alphas, while any helow anather value would be said to be betas,

- henee leading to almost tolal separation with a small loss in counting efficiency.

The subject of de-gassing the scintiflator has been looked at also, with runs as
above for both a scintillator as from Lhe manufactnrers and a sample which was
purged with nitrogen for a few minutes. Although the peaks shifted slightly, there
wag litll@e change in the scparation, with both ramples giving around 0.5% cross over.
The extent to which the cocktail dircet from the suppliers is gassed or degassed is not
known, but the indications are thal depassiug looks to be unnccessary.

Background

To finish, the subject of the background in the system is reviewed. There are two
main areas of background in such a system: the random v enincidences, and the
contaminatary background. The first is related to the room background rate in that
non-time correlated singles can occur within 1 us of each other. In such cases, the
rate of random coincidences is related to the square of the singles rate, and hence
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work has been progressing on the shiclding of the source. As can be seen in the figures
supplicd, a new shielding system has reduced the singles rate to around (1.5 Uz, giving
a random rate of (.025 counts per day in the tharium chaiu. In the uranium chain, we
have to multiply by 500, duc to the change in coincideuce window, giving a rendom
rate of 12.5 per day, This rale has been confinned in work not shown here.

‘Wo can further reducc the background. using cncrgy cuts.on the stop pulse, as
shown in thc ﬁgurts Giveu u factur of arvund § reduction due to the energy cut,
PSD Qi;qiqﬁn‘ ion of only around 10% is needed to reduce the random rate to less

_ "'qhdoms Arenolongcr a-problem.. - .

Conta.mma.twu bacl.grounds ‘are different ju the conco'that a PMT counter cannol
be oontamma!.od (in the sensc that it has to be clcuncd) because scaled sources are
he "ul.vm ‘I'hus the ‘contamination’ is of Ll jars themselves, At
preeut, levels of around 3 per day are secn for the thorium chain, and if all of this

is assigned to thorium ju the scintiltator, the contamination is at the 1071 g/g lavel.

This is secn as much to high, and passible canses inelude such effects as the detergents
in the scintillator being preferentially coutaminated, insuflicient dloaning of the jars,
negligenca in source preparation and co on. Although thesc eveuts scem to be real,
in the scnse that the stop pulses pass energy and P'SD. cuts, time coteclated singles
cannot be positively tulad vut until larger data sets are available.

Buitd § ooty Jormy.

ay: Given' the prcvious déiermination of a FSI) rejection of <1%, -
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