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POTENTIAL CAPABILITIES AT LAMPF TO STUDY NUCLEI FAR FROM STABILITY*

W. L. Talbert, Jr. and M. E. Bunker
Los Alamos National Laboratory, Los Alamos,’lJM 87545, USA

Abstract: Feasibility studies have shown that a He-;jet activity transport
lfne, with a target chamber placed in the LAMPF main beam line, will provide
acceae to ehort-lfved isotopes of a number of elements that cannot be
extracted efficiently for study at any other type of on-line facility. The
He-jet technique requires targets thin enough to allow a large fraction of the
reaction products to recoil out of the target foils; hence, a very intenee
incident beam current, such aa that uniquely available at LAMPF, is needed to
produce yielde of individual radioiaotopea sufficient for detailed nuclear
atudiea. We present the results of feasibility experiments on He-jet trans-
port efficiency and timing. We also present estimates on availability of
nuclei far from stability from both fieaion and epallation procesaea. Areas
of intereat for study of nuclear properties far from stability will be out-
lined.

1. Introduction

A He-jet coupled on-line maes separator, used in conjunction with a tar-

get chamber placed in the LAMPF main beam, offcra an especially attrtictive

approach for the etudy of nuclei far from stability. Such a facility would

provide accege to Iuotopca of a number of elcmcnte that cannot be cfficlcntly

extracted for study at any other type of on-line aaparutor systcm, and the uae

of a long capillary transport line would allow the eeparator ion source to be

locntcd outaidc the accelerator bcawlinc -hlclding, greatly reducing the

installation cost. The He-jet technique rcquiree thin targets in order for

the reaction products to cacape, and to produce a aufficicnt yield of

radioieotopcefar from stability for detailed nuclear studica, a beam intcn-

aity comparable to that available at LAMPF la necdad.

The ❑nsa-scpar~tcd ion bcame cxtractcd from the proposed eyetcm would be

dircctcd to varloua cxpcrimcntal dcvicco capable of detcrminine basic nuclear

propcrticesuch as hnlf-life, spin, nuclear momcrlts,mane, and nuclcnr struc-

ture. The datn ncquircd would hnvc broad application to thcoricn of mclcar

matter and to tauchrelated topic[lnu nuclcooynt]lcein0[ tllc cl.cmcnto, Wc
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estimate that several hundred previously unobserved nuclei, both neutrorr

deficient and neutrowrich, would become available for study.

This report presents a brief summary of the results of our He-jet feasi-

bility studies, along with estimates of which nuclei would become available

with our proposed facility. Specific areas for initial studies are also su~

geeted.

2. He-jet_activity transport studies—

The concerns addreseed in our feasibility studies of He-jet activity

transport were: 1) Will the He-jet technique work at the beam intensities

that exiet at LAMPF?; 2) What transport efficiencies ca% be expected for both

fission and Gpall.ationproducts?; 3) What IIS the time dependence of the

activity transported?; and 4) What aeroaola and/or aerosol conditions are

optimum?

Using both spallatior,-and fission-product targets in the LAMPF H- beam,

we determined that the He-jet technique should work well at LAMPF beam inten-

sities (400@). Absolute efficiencies for tranaport of refractory-element

ac,tivit.a through a 22-m long capillary were found to average about 60%.

Transit time measurements appear convincing that activities as short aa 300 ms

could bc made acceaaible for study. We found that PbC12 acrosola provided

more cfficicnt tranaport than KC1 or NaCl aerosols.

Optimization of the target chamber configuration resulted in a dcaign

employing two radially-directedinletb at t 135° to a ein81e radially-directed

capillary outlet. We have chosen an Iwidc capillary diameter of 2.4 mm aa a

roasonablccompromise between target chamber pur~c rate and helium flow rate.

Two tar~ct chambcre have been dcuigncd, ono for fission taracts and one

for Bpallation targets. Thcec chambcre, which arc dcnigncd for remote ecrvic-

in~, would bc located at the cnd of n vcrticnl ahicld plug near the LAMPF

bcm-otop. ‘K’hetarget chambcra f.ncorporatcthe inlet and outlet Bconictrics

dctcrmlncd from our fcaaibility cxpcrimcnts nnd feature double contnirsncntto

allow uoc of actinidc tarects.

Onc concern rcmaino in our conoidcrationn. I)cllpitcr,hc conoidcrabln

cxpcrioncm in coupliu}tn Ilc-jetto n rnnnllucpnrntor ion aourcc [MdlJll,(’KAf)l],



the reported total efficiencies are characteristically less that those

achieved with normal on-line separator systems. Current efforts to improve

the He-jet coupling and ionization efficiencies are;+however, showing pro&

ress. An ion optical design has been made that tnccrporates a non-dispersive

intermediate image to allow for correction of ion source fluctuations. A con-

ceptual layout for the on-line system with this desf.gnis shown in Fig. 2.1.
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3. Production cuti.omtcofor nuclei far from atnbility—— — —— .. — .

To define more accurately the boundnrico of the mnaa rcgiortothat could

bc acccoscdwith the propoacd He-jet coupled tnauoecpnrator oystcm, rJrC)dUCt~On

crooo occti.onofor both neutron-clcfi.cicntnnd neutron-ricllnuclei fnr from

Etalility hnvc been ootltnntcdfor 800-McV proton rwcLiontI. Tllc npt\llnt~on-

product cro~o acctiono wore cotimntcd tliroughutJcof the I{udotomnyotcmnti.co

[RUD66]. For cotimntion of tho fictoion-productcrooo ncctl.otln,howcvc~’tthere

10 no cotftbliahcd,oimllnr npproach. ‘1’httr3,fttlcmpirl,ct~lnpproncl~wnn tnkpn in



which two overlapping Gauaeian distributions were fitted to existing rubidium

and cesium isotopic distributions obtained at 156 MeV, 170 MeV, and 1 GeV

[TRA72,BEL80] -- one Gcussian for the neutron-rich po?tion of the distribution

and one for the neutron-deficient portion. The parameters of the Gaussians

were then varied with A and Z to account for the ❑as~-yield variations

other differences between the rubidium and cesium data. Adjustment of

croEs-sectiondistributions to 800 MeV was accomplished by interpolation.

If we assume that 1000 atoms/s of a mass-separated radionuclfde

needed for spectroscopic ❑easurements and that the masE separator system

and

the

arz

has

only a one-percent overall efficiency, a partial production cross section of

about 0.7 pb is required for the nuclide in question, assuming a MlfPF beam

intensity of 800 PA. According to our cross-section estimates, essentially

all neutron-deficient nuclei with calculated [TAK73] half-lives >300 ms will

be produced in 800-MeV spallation with a cross section of >1 pb (assuming the

use of at least 10 different target materials). Interesting nuclear regions

that could be reached include those near 7%r and 1°0Sn. On the neutron-rich

side of stability, most nuclei with half-lives >300 ms and mass 60-1’10 can be

produced II’high-energy fission of 23% with a cross section of >1 pb. Table

3.1 summurizcs the enormity of our current ignorance of nuclei far from ~ta-

bility accessible by high-energy spallation and fiseion renctione, despite

over two dccadcs of prolific on-line studies.

Table 3.1. Numbers of nuclei with unknown properties between known
limits and 300QIS (according to the gross theory of beta
dccnyg) or l-pb cross-ecction limits; Z=1O-9O.

Neutron-rich Neutron-dcficicnt
Property [~s%(p, f)] [Spallation]

_.—-—._.—. ._.-.-——-——— —— —

MncIs 281
lhllf-life 170
I)ccny ochcrnc 243
Spin-parity 300

-.— -— - .——

of tlloocIl(lclcli.llclucll!dillTfll)lc3.1, Wc

half WOUJd conw from IIllo-J(’tCouplv(lnlllflll

436
198
630
IIa14

.—-..—.______..__—_____ .—..—..——— ——

~!xprclLlintunlquc ucccuo to nbout

ncprlrntorJILI,PMPF. Wc pl.rlll to Unc



this unique access to advantage in proposed studies, to complement (rather

than compete with) similar studies at other on-line facilities.
..

4. Possible Specific Studies.— —

Given the large variety of new nuclei that would become avnilable with

the proposed on-line separator system, a focu8 is needed for possible initial

6tudies. On the other hand, the importance of making systematic studies of

nuclear properties over Bizeable regions must be recognized. For example, the

novel feature of shape coexistence was established only through detailed, sys-

tematic studies of nuclear decays. A notable feature of the proposed on-line

mass separator 6ystem i~ the capability to make unique nuclear structure ntu-

dies in several interesting regions.

One such region IS that around N=z=38, postulated to be a region of

strong deformation [M&81]. Although this prediction has some experimental

support [LIS82,PR183,HEY84],other theories pl~dict nuciel in this region to

be spherical, with some softness toward deformation [ABE82,BUC79]. Recent

work in this region suggests an apparent quenching of pairing correlations in

84Zr, resulting In ❑oments of inertia at about rigid-body values [J?R183].

The neutron-rich nuclei near 1°0Zr comprise another recently established

deformed region [KHA77,WOL77,SCH80)AZU7S]. Here, the onset of deformation is

especially abrupt, and strong quenching of pairing correlations seems indi-

cated 1PEK85], The lIc-jet technique offcra the capability OZ mapping the

extent of thi6 un~sunl deformed region In the refractory-clement area above

A.1O()-- a region preacntly inccccesiblc at other on-line facilitica.

The rcEion nround 1°0Sn oleo offcre exciting po~~ibllitic~. Studic~ of

nearby nuclct hnve been unable co dctcrminc the applicable coupling echcmc or

the inturpluy of tllcnearly oymmctric neutron-proton co~lfigurntiono. Further-

❑ore, hcnvy-ion rcacti.oncro[;[iHcctiono poac n .acvcrclimit in extending the

lJ~CV~O!l13 UtUdi42E i[l thiu rC[;~CU’I.

Lc:It,hilt llOt l.cn~t,lt ifiimportant to ucarcllIor other rc}?ionohcuidca

the Pt region in wllj.chthe n~lclcnrntr~lcturecan bc dcocribcd in t.crmsof

nupcruymmccric bonon-fcrmlon thcocy. The provcllcxiu~cncc of ncvcrnl nucll

rcgiwn vould l}!in~{ (1[J Cln(! Ilt”cp clo[jcrt.o n c.omprcllcnnivctheory of nll

Iluclci.
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