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PRODUCTION OF NEUTRON-RICH NUCLEI WITHA < 80 IN SUPERASYMMETRIC FISSION AT IGISOL�S. Hankonen, P. Dendooven, J. Huikari, A. Jokinen,V. Kolhinen, G. Lhersonneau, A. Nieminen, K. Peräjärvi, V.A. Rub
henyay, W. H. Trzaska, J.C. Wang and J. ÄystöDepartment of Physi
s, University of JyväskyläPO Box 35, FIN-40351, Jyväskylä, Finland(Re
eived De
ember 1, 1998)Ion guide-based isotope separator has been used in order to study thesuperasymmetri
 �ssion mode at intermediate proton energies. These re-sults, together with the �ssion fragment mass distributions obtained withHENDES array, indi
ate that �ssion at intermediate proton energies is apotential tool in produ
ing nu
lei near doubly magi
 78Ni. Furthermore,the beta-de
ay of 69Co has been identi�ed for the �rst time and its half-lifehas been measured.PACS numbers: 23.40.�s, 25.85.�w, 27.50.+eThe experimental study of exoti
 neutron-ri
h nu
lei far from the val-ley of stability is one of the powerful means for testing and stimulating thedevelopment of theoreti
al nu
lear models to des
ribe properties of nu
leiaround doubly-magi
 78Ni. Neutron-ri
h beta-unstable nu
lei near Z = 28have re
ently gained in
reased interest for at least two reasons. First, newphenomena 
onne
ted with large neutron ex
ess (large isospin) and de
reaseof binding energy when approa
hing the drip lines have been predi
ted [1℄.One 
ru
ial predi
tion is the weakening of the 
onventional shell 
losures.This seems possible a

ording to the experimental studies of very neutron-ri
h isotopes 
arried out at Louvain-La-Neuve [2℄. The se
ond reason for thestudy of this region is that some of the neutron-ri
h nu
lei 
urrently withinexperimental rea
h are tou
hing the r-pro
ess path for element synthesis [3℄.� Presented at the XXXIII Zakopane S
hool of Physi
s, Zakopane, Poland, September1�9, 1998.y V. G. Khopin Radium Institute, St-Petersburg, Russia.(677)



678 S. Hankonen et al.Questions su
h as the strength of shell e�e
ts near 78Ni are of upmost impor-tan
e for the reliability of the input nu
lear parameters in the modelling ofthe astrophysi
al pro
esses. This region has been an a
tive �eld of resear
hre
ently.Most of the neutron-ri
h isotopes have been produ
ed either by thermal�ssion or by proje
tile fragmentation. In several isotope separator fa
ilities,su
h as IGISOL in Jyväskylä, new neutron ri
h nu
lei and their de
ay modesare being dis
overed in �ssion at intermediate energies. As we go furtheraway from stability, however, the produ
tion of these neutron-ri
h nu
lidesbe
omes more and more di�
ult due to de
reasing �ssion 
ross se
tions.In studying 
harge and mass distributions for neutron-ri
h nu
lei we learnabout the experimental possibilities to rea
h further away from stability us-ing more reliable extrapolations of re�ned models. Dire
t mass distributionsin �ssion are being studied with HENDES dete
tor array. The HENDES ar-ray measures the masses of �ssion fragments with time-of-�ight te
hniquetogether with neutrons and light 
harged parti
les emitted at di�erent stagesof �ssion.In addition to providing input data for tuning the models for �ssion,the experiments on mass and 
harge distributions add new spe
tros
opi
information on nu
lei at the limit of the presently known region. In thisway, su
h experiments 
ould possibly show �rst hints for the predi
ted phe-nomena at larger isospin. At JYFL one has been measuring the yields ofZ = 28 nu
lei in proton indu
ed �ssion of 238U using the ion guide isotopeseparation te
hnique IGISOL [5℄. It is based on thermalisation of �ssionprodu
ts in helium, whi
h are then guided by ele
tri
 �eld, a

elerated andseparated by mass. The advantage of IGISOL is its 
apability to deliver the�ssion produ
ts in a very short time, enabling us to study radioa
tive nu
leiwith 
onsiderably short lifetimes (�>1 ms) whi
h is the 
ase for very exoti
neutron-ri
h isotopes. The �ssion measurements with IGISOL indi
ate thatthe superasymmetri
 mass division of a �ssioning nu
leus in 
omparison withthermal neutron indu
ed �ssion is enhan
ed. This division is enhan
ed atintermediate ex
itation energy [6℄. The heaviest observed ni
kel isotope was71Ni with a produ
tion rate of 5.7(17) atoms/s but heavier and more exoti
isotopes are expe
ted to be rea
hable at JYFL following the deveplomentaround the fa
ility.Re
ently a 24 hour measurement of proton (E = 50 MeV) indu
ed �s-sion of 238U was performed at IGISOL. The main motivation was to �ndpreliminary eviden
e for the 69Co beta-de
ay and to measure the produ
-tion yields for the A = 69 isobari
 
hain. We were able to dete
t for the�rst time the beta-de
ay of 69Co, based on beta-gamma 
oin
iden
e mea-surements with fast beam pulsing. The analysis of peak intensity versus
y
le time (TDC), with a 0.6 s beam on and 0.8 s beam o� period, 
learly



Produ
tion of Neutron-Ri
h Nu
lei with A < 80... 679shows one gamma-transition, 594 keV, whi
h belongs to a short-lived iso-tope. Part of the gamma spe
trum is shown in �gure 1. The �t for the 594keV gated TDC proje
ted spe
trum gives a half-life of t = 0:27(10) s, whi
his in ex
ellent agreement with the previous lifetime measurement of 69Cousing a re
oil spe
trometer, t = 0:27(5)s [7℄. The 594 keV transition hasalso been dete
ted in in-beam studies [8℄ and has been pla
ed in the levels
heme of 69Ni. We measured the produ
tion yield of 69Co both in 
ontinousand pulsed beam mode as 1.1(5) atoms/s and 0.4(2) atoms/s respe
tively.
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Fig. 1. A gamma spe
trum re
orded at A = 69 for 15 hours of measurement. The595 keV gamma from 69Co beta-de
ay 
an be 
learly seen, and rest of the peaks 
anbe identi�ed either as doubly 
harged ions or 
ontamination next to the 
olle
tiontape (112Ag).If we wish to �ll the boundaries of the nu
lide 
hart we are for
ed toextend our knowledge of the produ
tion as well as e�
ient dete
tion of nu
leilying on these extreme limits. The present status at IGISOL 
on
erning the
ontinuation of the study of superasymmmetri
 �ssion is 
on
entrating onthe development of the ion guide and the mass separator system, in
luding a
ooling devi
e and an ion trap. One also expe
ts that fast neutron indu
ed�ssion 
ould provide a method for produ
tion of extremely neutron-ri
hisotopes, and this has re
ently been studied with the HENDES array.
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