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The Beta-Alpha Coincidence Method

The 0-ci coincidence nx^asurftmrnU. of mnwntratww nf "^Jli hiugec on thft Ia«l
few elements of the chain. The beta. decay of ’^Bi, with an midpoint of 2.2 Mcv,
ie followed by the 8.05 MeV alpha decay of ’"Po. The polonium hoa & half-life of
306ns, and KO if the bct& c&n tx d«tectcxl & subsequent search for the- «luh& can be
conducted over liiuc teenies of Chc order of microseconds with resolutions of the order of
nanoseconds. This means that the background from single, im-correlated pulses, such
as the other elements of the cbaiu. cosmic rays and room baAgrnnnd iK roduced by J4’^
largft fAcionf. There; i.< A. ftimilar but much dower /164/tf) coincidence iu tho uranium1 7d^^^.

chain which ic ewnti&Jly llio «.bovo cyctom with two neutrons udded to each nucleus.
The possibility of in«iacunn^ the thorium (uid uroniuzu cLojns a!mu1fcfdi«ou9ly is thus
obtained.

The method u.scd by the authors is a. detection’system based on a liquid KdnUl-
faxor source coupled to a pliotomukiplic-r. This has the advantages of cxpcrimAnLflJ
simplicily and a necessarily fast recovery time. fnmi tlift initial ft pulse. The use of
WAter micdble liquid sdiitillator allows samples from most water cyrtcme to be mixed
diroctly with the delectiou medium, and mfiximal geometric efficiency is guarautccd.
The absence of hny chemic&l processes in preparation is (Jyu & cunsidcraXiou when
cunipann^ P-u uiethuds.

The main limitation of such asystem is that the maximum efficiency is detenninftd
by the brandling ratio for the initial ft decay. In the ca.w of the. thorium chain thi?
is 64%, while for the uranium chain thp branch i? 99.9%. Counting efficiencies of
around 80% have been obtained, with the other 20% being loot to the time cut on th*’;
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cxponcntitd and the low energy bct&A. Sudi a number gives dTicicncicy for thorium

counting of around 50%. This efficiency is alniu&t independent uf the sianlillaLur u^d,

<u> the ouly dependaiice ou li^ht yield is at the low energy beta cut-off imposed by the

low level discriminalor. The tube voltage can also be a<Uusled willi a fair degffift of

impunity to iiicrfa.sp. the beta ci^nal and drcumvnnt this problem. At present two low

background channels of n. modular system have been acficmbledj wiCL » furtbcr four

in production. A drawing of tbio oyotcm io frttochcd. A acp&rtttc aystcm, consisting
of & non-ahicldcd 3" PMT, w being kept for Lifib count ra-lc work.

An Anti-coincidence slage has also bwii added in unlcr to veto Ibe system with

respect to cosmic rays. This\s vtws^sybs[ibelaT^^ntmibcrof.pnpto
order 2000) produced by a minimum ionizing pot^-nlial partidfttrawJIiiigthroughUie
scintillfttor is enough to make the discriminaitor rc-firc on tlic falling edge, and bogus
coincidences arcK-CD. Pulrohroglit ciiU CAnaleo beapplied to acbievo tho n.\rnc cllcci,
although a. h&rdwarc! option is alwaya preferable.

Source preportttiou involves adding the aqueous solution to be couulcd dirLT.tly to

tlic sciiitillator aiid waliyiKUw source. The w&tCT/scmlillator combinalion forms a

dear mixture after around 30 seconds ofshakinewdthesourceis Ihcu placed diny.tly

on the tube after having been smeared witli aii optical rjnnpling rftmpound. Tbe lube

voltage ic applied uid couutiug can begin immcdiatrly The total time involved in

preparation can be 1<66 than fivo minutcc, GO allowing mcaaurcmcats of 10 liour Ica-d.
Thr. xt&ndard wnpic holder i» & 60 ml PMP Jar froni Nalgcnc, the bottom of wbidb is

iiiadiincd tu & flttt. UMIIK liifth cHpac.Uy sdiilillalvrs, lhi!> alTows 10 infof an aqueous
sample to be counted. Acceptance tests have been carried out &nd sample loadings
of 25% (ie 15 ml of & total volume of 00 ml) have been confirmed for: U.IM HaSO^.
lU%MgCI,anri 1M HNOa.

Recent work bat been on two major arc-ai;: the first is tho counting of the uranium

chain, the second io pulw shape discrimination (PSD). The uranium chwn measure-

ment is simple in principal in that the coincidence g&teJuft lias tu be wid^i^Truill
3 its to OOO/is. Tests where ibis lias been done3 show that efficiencies for 2 Bq spikes

arc around 80%. This correspond? with the 80% counting efficiency mentioned ;diovc

for thorium and tlift 99% branching ralir*.

Pulse Shape Discrimination

The work on pulse chape discrimlnAtion \)w looked At the cy<:teinatic. diffcrcncr^.

^Se< figilMt itlacliecl.
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between the tJphft. find beta pulses due lo their respective energy deposition methods.
Th<- di^ilitiu^ of the pulxcs i.s at prw^l duii« with f^l digital oscilloscopes, some of
which can resolve down to the half nanosecond level. As an order of magnitude, the
rise Lime of the 2 inch tube is around 7 nanoseconds.

Algorithms for separating alphas and betas have been tcftcd by taking tru« beUir
alpha, coinddonccc from fq>ik^(^urc^andlooknig^’tho-iailcofthcpul^^
alpha pulse hag & much larger t&H lhau the beta,Ond tliia difference extends ovrr &

fairly large timcyc^lc with respect to thcj»ul^ width, ^shownin the Attadiral lifttins.
Numj^lsatiun ^lus tu] arua i^uec«|a^^^
theti^^H^i^^-ied was the.p^^^r^^ol^^^^^^w^^
method was w^l^od. rfy^mtworkl^ii^
and thu: teem? slightly better &£ the error on tho poalcwA ic emaller. Thic opens
up thepocdbnity<rfudngtwogftt<>iADC^tonKASurethctw And the total

. charge, and hence full digititAlion of the puke would be unn<w=^Ary. Tlic fi^urcx
a-ttachcd show avcr/i^e bcU And alpha puliw oud xcatter pIuLs of llic tail area against
peakliei^Lt.

As can be seen. a. good defiree of separation is obvious, even morft sa m thf- third
figure, which shows thf diKtrihulinn nf th** given ratio for alphas and befca$. Such &

^raph shows & cross-over of only around ten ewmts in 2000, leading to & pulse chape
djeenmin&tion of &pproximai<?ly 0.5%. Jn practico, wy events above a certain value
would be cla»9ed a$ alpllAB, while Any Hdorw Another vAlue would be sw<\ tu be b<;ta&\
liciici; IciuJiii^ to ainioNt lutH] tiepttrtttioii with a small loss in coimiine efficiency.

The subject of de-gassing the sdntillalor has been looked at also, with runs as

above for both a sdntillator sin from Lhn niannfarlnrm; xnd a uunple which WA$

purged with nitrogen for a few mimitos. AIO>o«igh the peaks shifted slightly, there.
was little! change in the separation, with both pampleG giving around 0.5% cross over.

The extent to which the cocktail direct from the. suppliers i) fiasacd or dcgAxscd is nut
known, but the indicationx arc that dc^aysiii^ luuks tu he mnnx-A-yxiry.

Background

Ib nuisli, tlie .subject of the background in the system is reviewed. There are two

main areas of background in surJi a system: tlw randnin 7-7 minr.idenws, aiid the
mnta.minAtnry background. The lirst is related to thft room background rate in thiil
non-time correlated singles can occur within 1 fie of each other. In ouch caaca, the
rate of random coincidences ia rdftted to the .<i<piftrc of the single? rutc. <ind hence:

^ ^^.^, ^^4^/’u^^J 7^

^ f^P
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work has been progressing on the shielding of the source. As can be seen in the figures
supplied, a new shielding system has reduced the single?: rate to Around O.A Hz, giving
a random ralft of n.O’^ counts per day in the thorium chain. In the- uranium chain, we
have to multiply by 500, due to the change in coincidcuce window, giving a random
rate of 12.5 per day. Thi? rate has beeu confirmed in work not shown here.

We can further reduce the b&ck^rozuid using energy cuts on the slop pulse, ay

shown in the figures. Given a factor of aruund 3 reduction due to the energy cut.
PSD discriunuauou of only around 10% is needed to reduce the random rate to less
th^^one.b^pcr^ay.^^^ dftiemiinAlion of A PSU rejection of <1%,
it in dft^y^;«^^ia^^^^r^ .

^

Contaminallvii bad<^roundR arA different Ju the ccnco th.-O a PMT counlcr cannot
be contaminated (inilic acnac .that it IIM to be cleaned) bec&uac scaled sources arc:

pl«ced on the phototubes. Thus the ^nt&nimatiuu* ib uf th<: jars themselves. At
prcycut, levels of Hruund 3 per day are ?ecn for the thorium chain, and if all of this
is assigned to thorium iu the FcinUllator, the contamination is at the 10~10 g/g lewl.

This is seen a.s mudi to high. and pof^ililn r/ui.ws indudccuch elects as Uie detergents
in the (dhUIlator being prefcreutially coutaminated, insufficient doaning of the jar?,
negligence in source preparation aud co on. Although tlieac evcula accm to be real,
in the sense that the stop pulse? p&M energy and PSD cuts, time condoled sili^Iw
cannot be positively lulwl uut until larftcj- daLdscLs are available,

f^U^^^^y)^.
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