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ABSTRACT v
A target assembly and detooction system is described which has
applications for studying accelerator-produced short~lived alpha
acfivities with good efficlency and exoellent. elpha particle rosolution.
Tha systen i cimple and fast and allows for the continuous recording
_of alpha particle spaotra at the same’ t:lxﬁe tho activity is produced.

1, IXTRODUCTION '

A research program was recently undertaken to study the alpha ‘_ "
decsy aysécma.tica of nuqlidea near the 82-neutron shoil and near the |
double closed shell of 82~protons and 126-neutrons. In oxder to study
short=livod alpha cmitters which were produced by heavye-ion induced
compound nuoloﬁa roactions in these regions, a system was devaloped to
obsorve these aotivities on a relatively fast time scalas.

Blegant techniqucs for the production and identification of
short-lived alpha emitters have been developad by Ghiorso and co-workers
in their studies on tha 'transplutonium olemonts??*?, Deczuse of their

need for extrenmely high sensitivity, they devoloped systems which wore

*Mhis work was supported ty the Us S¢ Atomic Energy Commissian
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' - Hamilton, Cntarioy Canada ,
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nocessarily complex in order to attain tho maximum efficiency for
dot_ecting very small levels of alpha activitye For our work, high
aeﬁoitivity .ya.s not an essentisl requirement sd ‘that it was poosidle

to doveclop a much simpler a);stem by sacrificing somo sensitivity for
vory low levols of aotivity, MS aystim has proven to be useful for

. studying alpha ectivities with half-livos down to 0.03 soo and has given
alp'ha pertiole spectra with 30 to 35 kev resolution in tho presence of
an intense beta~gamma 'background. Some foa.turen of this mothod are |
sinilar to a technique of rocoil colleotion by gaa cntrainment recently

dosoribed by Friedman and I'Xohrl"

2, EXPERILMENTAL DRTAILS AND RESULTS

2.1¢ &scgigtio;; |
4 achomatio diagram of the target assembly and detection systen

is shown in Fig. 1.' '-A éollimated bean of heavy ions froa the accelerator
entora the target assembly through a thin nickel window (0.0025 mm thick),
passces through en aJ.urninum absorboxr wheel, which ia used to degrade the .
bean energy & variadble amount, and a second wheol which contains the

~ target. luclear roootions which oocur in the target produce a mmber

of rocoils whose foxrward momentm is sufficient to 3jecot them from the
target, The target is usually suffioiently thick (A2 mg/cm®) that
xrcoolils with onorgies vaiying from near zero to a maxirmum value leave

the targetc The recoils are thermalizod by helium at & pressure of 1 atam
and are swept through a,,OolB mm diemeter orifice into & second chamber

" which i3 under veouum and adjacent to the target oasmbere The orifice

is located en the adge of & oylindrical hollow brass plug which fits into

i
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the wull separating the two chambers and extends into the target chember.
The straom of Lkelium entering the vaouuﬁ chember, carrying with it the

' rth;rmalizod racoils, impingos on the innexr wall of tﬁe brass plug and

a iarge fraction of the recoils adhore to the metal surface. The helium,
which does not adhere, is pumped off. A solid state alpha particle
datootor of the éold-aurfaco baxrior type is used to rocord the alpha
aotivity from the recoils colleoctede The orifice is aligned vaertically
with the bsam axis and the ocuter edge of the beaﬁ, 6efinod approximately
by a 9 hm diemetor'cdllimator in the front part of the assembly, faSses |
vithin 1 m of the orifice aad tha fromt fece of tho brass plug. The
orifico, which faces the targat, 1o'iooated 7 om from the center of the
targote vIn tho vacuun chamber, the recoils travel 2.5 cm from the |
orifice before striking the metal surface where they ars colleoted over
an area of mk ma®, The angle of the orifice relative to tho boam axis
defines the position where the recoils are collscted. Moliun is pumped
continuously from the vacuum chamber at the rate of 12 litres por second.
The steady state pressure inside the vacuum chamber was noasured to be |

1000 u,e

2,20 Collection Efficiency and Collection Time
The overall collecting officicncy (numbar of recoils collected

to nunber ejected from target) was measured to bs 0.6, This was

obtained by comparing the yiold with that measured by cn electrostatio
collection tochnique whogse collecting offioiency had previously baen'
studicd. The oolloction‘efficienoy vas,foﬁhd to be independent of
bombarding energy and beam intensity from 50 mua to the maximum available

¢
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current of 500 mu ampares. The approximate recoll collection time was
deduced by results from various experiments whero known alpha emitters
wifh half-lives less than 0.1.000 were produéed. It was possidble to
observe alpha activities with half-lives A 0.06 sec long and obtaia
deoay ourvés vhich did not show any effect of tho colleoction time,
However, nuclides guch as Frglk ond 38.215 s With half-lives of 3.9 and
1.6 m soc, wore not obsorved when reactions which produce these nuclides
in good yleld wore studied. It is estimated from these observations
that thé_ave:age recoil collection tima is on tho order of 0.025 ﬁoc.
This limit on the ocollection time is probably determined for the most

. pact by tho diffusion of the recoils in the helium before boing swept
through the orifice. This is nuppérted by the fact that longer recoi;l
collection timea were observed whon the distence between the orifice and
tho beam axis was inoreased. There was improvement in the collection
time when the orifice was allowed to intercept tixe beam. However, with
this airangemont there was somo difficulty with erratic collaction
effioiency and'inoreasad radiation background which affected the dotector.
Cther gases susch a§ Nz, air and argon were tried at various pressures
but nono of these gave as good a collection officicncy and collaotion
.timé as helium. The diamoter of the orifige was a;so varied. The.
colloction time deorcased with inoreasing orifice size to & diameter of
005 rmo 4bove that size, no effect on’ the c¢ollection time was observed

but the ocolleoting efficionoy decreased, probably because of increzsing -
turbulent flow of the beliume



" 243¢ Results on Alpha Particle Spactrae Hoasurenents

With tho detector and electronlos syatom that was uscd, a

 standaxd elpha source in the absence of Beam ga#e a resolutién of 25 kev.
(full width at half paximun) at a steady state helium presaurovdf 1000 u
in the vacuun chaﬁbqr. Alpha paitiOlé spactfd 0; recoils.éolléoted from

tha‘targof by thls gas sweeping technique gave resoluticns of between 30

and 35 kev deponding on the levol of the accumulated bota-gamma backgrounde .

For croas sectiocn measuraments, alpha activities with halfe-lives ﬁp-to o
2 min vore allowed to build up to an oquilibriun level and alphalépoctra
~ wore rocorded continuously.vhile tho racoilsvworo being produced ahd
‘. 301lected. : | | | | |
. The beam of the heavy-ioa aqcéloratOr used for these_meaéuremegté
. 48 pulsed at 19 ﬁer‘socénd and tho pulee width 10.0.0025 £eCe Du?iﬁg the
period th#t tho bouxz is én, tha radiéxioh bapkgrouni affecting the detector
| is considerably higher than botween beamvbu:sts aﬁd the dotection gysten |
is uaﬁally gate4 gff for the duration of the beam burst. Exsuples of
alpha spoctra ébtainea by counting betwpen boun hur;ts are shown in Fige 26
The lovel of tailing on the low onersy side pf aﬁ ezgcntially sihgle alpha
perticloe group (Fig. 2 D) corresponds to 1% of ths poak height. Host of
this tailing is aue to tho steady state pressurs of helium in tho vacuun
chombezr and to the collect}on of a small fraction of scatiercd recoils on
the face of tha detector,

240 T:

f=Life leasurononts

For measurements of half-lives less then 1 min, an autcnatic
cyoling systen was used to control the bombarding and counting timee
-5-



The followingz 1c a gonersl dogscription of the oporation of this system,
For nornal operation of tho heavy-ion accelerator, the ion source and
exffa.ction voltage are pulsed i‘rcm o txigger sz.gml gynchronized with

the BRI pulge vhich eccelerates tho ionse To turn the heavy-ion beon on

| and off fo:} 2 proset timoe, a tining circuit was used vhich coatrols the
synchranization of the heavy-icn source ¢rigger with the IR pulse. For
"haca en” operation, a IC sm&l from the timing circuit is sont {to the
gource trigger contiol resuliing in e synchronization of the trigger
ulse with the RP pulses To turm the boan off, the DC voltazo {5 removed
which causes the source triggor vo bo delayed with respeot to the IF pulse
and an immediate loss of bvean occur«. At tl;a time that the IC simmal

is removed, a trigger pulso is formoed by the timing circuit which is

used to initiate the operation of a timo=io=-height converter whose input
canpriscos a.lpha. palses selectsd by a singie~choxnel analyzer and whoce
cutput yields pulsos wiich are anelyzed to give thie decyy curve fer the
mrtlcul alpha group boing otudicd. 4t tho cond of ths proset "’*m.m ofch
period, the DG signel is then restored to tho scuxco irigger control
2llowing the socurce trigrer pulse %o bo again synchronized with the RF
pulso for "vean oa" opera.tion. Vith this system, bean can be sont to the
target ssaonbly for periods cs lon.g a5 desired and. a3 choxrt a3 0.1 scec.
The 'fboam‘ off" pericds can Vo similerly controlleds Ior helf-lives an
the order of 002 seo, up to 1000 cycles of 1 sec bmbardments and 2 sec .
countving tines have boen used and excollont decay curves have been obtainod.

A block diagran ofthe systen is shown in Fige 3. .
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" 5«  FICURE CAPTIONS

Pige 1  Schomatic dicgram of target assonbdly end dotection systeme
Mge 2 Alpha pe.rtiolo spoctra of nuclides produced by

Hdll*z v 016 bombardmonts at various incident onerzies.
These Aspectra were obiained from scmples of rscoils which
veIre 'being continuonaly raplonishc" by rocoils produced

in tho target assexbly. |

»
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Fige 3 Block dicogren of system used to control boxmberding and

counting time for holf-life measurcments,
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