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A SYSTEl1 POR STO'DrlllG ACCELERATOR-PRODUCED SHOirf·LIVED ALPIIA. ElU'I'TEllS+ 

Ronald D. Mo.otarlnne* and Roaer D. Grittioon•• 

·· Lavronoa lladiation Lo.bora.tor.r, Univerait7 ot Cal.if'omia 

Berkelq, Calitomia 

April 1963 
ABSTRACT 

A target assembly ond dotootion systom is deocribod vhich bas 

applications tor stu~~ aooelerntor-produced sbort-livod alpha 
.. 

activities with good ettioionoy and exoellent.alpba partiolo resolution. 

Tho system is oimple and taat and allows tor the continuous recording 

. ot alpha particle apootra at tha same· time the aotivit7 is produced. 

1. INTRODUCTION 

A research program vas recently undert:lkcn to study tho alpha ·· 

do~ ayotamatios ot nuclides near the 82-neutron sholl and near the 

double oloaed shell or 82-protons and 126-neutrons. In oi-dar to study 

short•livod alpha omittero which wore produood by he~VJ·ion induood 

compound nuolouo roaotiona 1n these regiono, a syntam vas developed to 

observe those activities on a ralo.tivoly f'ast time ocala. 

Blegant techniques tor the production and identification of 

short-lived alpha ~ittera havo been dovolopad by Ghiorso ~ co-workers 
. l 2 ) 

in their studios on tho trnnaplutonium elet1onto ' ' • ]eoauuo or thou 

need f'or extremely high Gensitivity0 they dovoloped aystcws which wre 

+'l'his work wna supported by the u. s • .Atomic Enorgy COi:IIlisaian 
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necaaoo.rily complex in order to attain tho J:UlXimum o££iciency tor 

dotaotin8 var.~ mnall levels or alpha. a.otivity. For our work, high 

oanoitivity was not an eaacntiSl requi~ont eo that it vaa poooible 

to devolop a much simpler system b.1 sa.oriticing soma sensitivity £or 

vor.y low lovola ot activity. This QYstem baa proven to bo useful tor 

otudyill8 alpha cctivitiea with hal£-livoa down to 0.03 aoc and ho.o given 

alphA pa.rtiole spectra. with 30 to 35 kev resolution in tho prooenoo ot 

an . intense beta-gamma ba.ckground. Some toaturoa ot this method a.ro 

similar to a. technique ot recoil oolleotian b,r saa entrainment recently 

desori bod 'b,y Friedman and l:rchr '+. 

2. EXPERTI-!8:\T AL J)S'l'AILS Al'ID RESULTS 

2.1. pcsopiption 

A ocboma.tio diagram o£ tha tart;et assembly and detection system 
' ' . 

is shown in Fig. 1. · A oollitla.tod beam ot heavy ions £roo tbQ accelerator 

entors tho target assembly through a. thin niclc:ol window {0.0025 mi:1 thick), 

pasaea through an aluminum absorber wheel, which is uaod to degrade the 
. . 

beam onere::~ a variable cmount, and a second wheel which conto.ins the 

target. nuclear roa.otions which· occur in tho target produce a number 

ot rocoilo whoso forward m001entum ia ouf£1cient to 3j~ct th~ fro=t the 

target. 'l'he tarset is usually sui'f'ioiently thick (1\.;2 Q{!jCIA2) that 

recoils with onorgi.os va.r;yillg from noor zero to a. maxiiluJ::1 value lea.vo 

the targate 'l'ho recoils are themalizcd by helium at a praosura or l atra 

and are awopt throuah a Oo5 mm diemeter orifice into a second chscbar 

which iD under va.ouum and adJacent to the ta.rget onllQber., The ori£ice 

ia located on the edge ot a oyl.indr1oal hollow brass plUG which £1 ts into 

. ' 
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the wall sopa.ratin8 tho tw chambers and extondo into the tarect chc:.mbar. 

The stronm or helium entering tho vacuum cbzcber, carrying vith it tha 

. thermalizod recoils, impingos on tho iDnor wall of tho braao pl~ und 

a large traction ot the recoils ad.hol'Q to tho metal surface. Tha heliUI:l, 

which doos not adhere, is pumped ott. A solid otato alpha particle 

dotoctor of thG gold-surfaoo barrier type is used to rocord. the alpha. 

nativity from the recoils collected. The orifice is o.li.cnedvortioally 

with tho beam axis e.ncl tha outer edso or the beam, definod approilia.toly 

by a 9 mm die.motcr oolli.mn.tor in tho trent part of tho aaoembly, passes 

vi thin "1 mm ot tha orifice ood tho tront te.oo ot tho braos plug-. Tha 

orifico, which tacos tho ta.rgot, io located 7 em fror:1 tho cantor of tho 

target. In tho vac\lUI:l chamber, tha rocoils travel 2. 5 om £rOI:1 tho 

orii"ioo 'before strikins tho motel surta.oa whoro thoy tl.ra collected ovar· 
.2 . 

an area of t~J4 tli:1 • Tho anele or the orifico relative to the bo~ a."ds 

detinoa the position whore the recoils aro collected. lloliuc io pumped 

continuous~ from tho vacuum chamber at the rata ct 12 litros por second. 

The ate~ state pressure inside tho vacuum chAmber vas QOasured to be 

fVlOOO u. 

2.2. polleotion Et'£1cioney ond Collection Timo 

The overall collecting ot'ticionqy (number or recoils colleotod 

to numbor ejected from target) vas moaaurad to be Oo6o This was 

obtoinod b,y OOQparing tho yiold with that measured by an eloctroatatio 

collootion tochnique whose oollaoting of£ioienoy had previously boon 

studied. The collection ettioienoy was. tound to bo indopondent ot 

bombarding enorQ an4 beam intensity trom SO mua to tho ma-d'ljl'JI;l available 

_,_ 
.. 



,. •"'• 

.· 

current or 500 mu amparos. The approximate recoil collection time was 

deduced by rosults r~ various expor!Qcnto whoro r~own alpha ~ittors 

with halt-lives loss than 0.1 oeo were produced. It vas poaGiblo to 

observe alpha activities with half-livoo ~0.06 soc long and obtain 

doc~ ourvos vhioh did not show ~ effect or tho collection timo. 

llowover, nuclides ~uch as F.r214 
nnd na215, with halt-lives of 3·9 end 

1.6 m soc, wore not observed vhon reactions which produce theae nuclidoa 

in good yield wore studied. It is estimated £~ these observations 

that tho a.ver~e rocoil collection timo is en tho order or 0.025 soc. 

This limit on the collection time io probubly determined !or tho most 

part by tho diffusion of tho recoils in tho halium before boin~ owept 

through tho orifice. This is oupported by tho !aot that lonzor recoil 

collection timeo vera observed whon tho distance botw0en the orifice and 

tho beam axis was increased. Thara vns improvement iu tho collection 

time when thG orifice vao allowed to intercept th3 beam. Howover, vith 

this arrangement there waa some dit£iculty with erra.tio collection 

cffioiency nnd inoroanod radiation backeround which affected tho dotoctor. 

Other gaaos such as N2, nir and ~zon wore tried at various prossuros 

but nono of these gave as cood a collection of!ioicnoy and collootion 

.time as helil.m1. The diamoter or tho orifice was al.so varied. The 

oollootion tice deoroasod with inoraaains orifice sizo to a di~etor o! 

Oo5 :em. Abow that sizo, no e££eot on ·the collection time vas oboerved 

but the collecting ef'tioioncy decreased, probably 'booauao of inore.a.slilg 

turbulent flow ot the heliumo 
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2.3. R~oults on Alpha Particle Swotr~ lioasurcncnts 

With tho detector and elootronios system that v~ used, a 

. standJl.rd. alpha. souroe in the aboanca o£ beD.m aave a r0solution o£ 25 kev 

(.t'ull width at hal.£ maximum) nt a otoaey- state helium presou:ro of 1000 u 

in tho vaouux:l clw.::1bor. Alpha. particle spoctrti of rooolls oollooted from 

tha ta.rgot ~J this gas owespin5 technique gave resolutions or between ;o 

and 35 kov doponding on tha lovol or tha aocunulatod bota-e~~ background. 

Por oroao GQction moaouramonts, alpha aotivitioll with hcl.£-livoa up to 

2 min wore o.llovod to build up to a.n oquilibriUI:l level and alpha spectra 

woro rooo:rdod. continuously while tho ~coila . wro boine produced and 

collootod. 

Tho be~ o£ tho haav.y-ion acoclorator used for those mcasurom~~ts 

is pulsed. at 15 per sooond nnd. tho pulce width ic 0.0025 ~eo. Durine tha 

period that th.o bou:J is on• tha radiation bacl:"~oun:l a.ffectin..:-; the det~ctor 
. . 

is connidornbly hiGher than botween beam burat3 nnd tho dot~ction s.ystec . 

is uaucl.ly gc.tod 9££ for the duration .or the 'bo.u:l burot. E~"'"·nplcs of 

alpha. spootra obtuinad by counting botwen boi.lll burst9 are show in Fig. 2. 

ThG lovol o£ taili.n« on tha l0\:1 onGrs;r oida or £.n oaoontiall;:r o~la n.lpha 

pertiolo group (Fig. 2 D) corresponds to l~ o£ th.a pQ:lk hGic;ht. I·!ost or 

this tailing is duo to tho ctoadi atato preasuro o£ heliu::1 in tho vacU'Ul:l 

c~bo~ ond to the collootian of a small fraction or soatterod roooils on 

tho .fo.oa o£ tha detootoro 

i'or moa.suromonta ot hal.f-livos less tht>.n 1 min, an a.uto::lt:r.tio 

cyoll~ oyatGl:Ol W48 usGd to control the boa~ Md. oountine timav 

- s-
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Tho follovin$ is a gonor-ul doocriytion of tho operation or tlus oyotcm. 

J?or nor:Jel opcrll.tion o£ tho heavy-ion aooelorator, the ion aota'co und 

e~~ruction volt~ are pulsod fr~ ~ triczor oi~ u.ynchronized vith 

tho I'..P puloo which c.ocelcratos tho ions.· To turn the hcaV'J-ion bcCl:l on 

and off tor a p:ro3ot tim.o, a tio..inz ci:rcui t WJ.S used vhich co.-'1 trolo the 

synchron!za.tion ot tho hoQ.~J-icn sou.rco trir,cor vrith tho PJ:' puloo. l?or 

"bac::1 on" operation. a DC siomJ. trom tho titd.lJti ci:rcui t io sent to tho 

oourco tl'"ieecr control ror.-ul ~L"lZ in o. o;rnch...-onizntio;l of the tl.·imor 

pulsa with tho RF p-..Uaa. To tU...-n tha boo.w 'orr, tho DC volto...JQ io :r0movod 

which ca.uoos tho oou:roe tri&,."'""r to bo de~od. 'With :respect to thG nP pu.loo 

and en i..'"1Nodia.ta loss or bao.tl occurc. .A.t. tho til:lo thn.t tho DC si~l 

io rc:l:lovcd, a trimer p.1lso is £omod b-J tho t~ circuit which is 

uaocl to initiate tho oporation of a tirlo-to-hcisht convertor ;.rhoso inJ?Ut 

cooprisos al~r~ pulaos ocloctod by a s~~a-c~~cl ~yscr ~ vhoco 

outp..1t y-lolds pulses \/a:ich n.ro ~zed to g-.l.ve the doc~- cu=.."'Vo fer tho 

~io-.ll.ro:- al:pr.a croup boL'1g otudicd. At tho end or tho rc:·o~ot "oo~ or~" 

period, tho DC sit;n.al is then reatorcd to tho zcurca tr-l,.;cor ccntl·ol 

allo·Jing tho &O'Ul"CO t::cl.(;gcr l!lll.SO to be D(;ain oy:r.clu-oniz.cd. \J".i. th tho R? 

:pulse for .,b-~::u:1 o:l11 operation. \lith this S'J::rtcm, be~ cnn be sont to the 

tnrcct assembly £or periods c.s lor..g as de::;ircd and ~ chart C.3 O.l soc. 

Tho '1bot.::l o£rn periods can bo similarly controlled. For hclf-liYoo o.."l. 

tha ordar ~ 0.2 soo9 up to lOOO cycles or l sc::o boo.b.::l.rd!:lont3 end 2 occ 

count~ ti::l.OO bava boon UCcd and O%C01lont dooey curvOS havo boon obtained. 

A 'blook diaara::1 o! tho syotom is sha.:n in Fig. 3•. 
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5• PIGUf!l:! C!.J?TIO?TS 

Pia. l Schematic diacr~ or tarc<~t azsc:J.bly c..'"ld. detection systco. 

Fico 2 Alph.a. pe.rtio1o spoct:ra of ~uolideo produced by . 
,,.dl42 0· l6 '!..-• A-1- t t • ' 0 ' J.. • _.. + U\.WO( .. oJ,;wuOn 3 a Vm:"l.OUB lnCl.Cl.Cnw OnC!'[;l.O:Je 

~sa spectra. vora obtEI.i."'lod. i':ro=a ac.m:plos of rocoilo which 

vore be~ continuou.;ly .raplonishod. by recoils :p...-oducod 

in tho tarcot asoe:bly. 
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