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STUDY OF SHAPE COEXISTENCE IN THE VERYNEUTRON DEFICIENT NUCLEUS 176Hg� ��K. Helariutta, M. Muikku, J.F.C. Co
ks, P. Jones, R. Julin,S. Juutinen, H. Kankaanpää, H. Kettunen, P. Kuusiniemi,M. Leino, P. Rahkila, A. Savelius, W.H. Trzaska, J. UusitaloUniversity of Jyväskylä, Department of Physi
sP.O. Box 35, 40351 Jyväskylä, FinlandP.T. Greenlees and R.D. PageOliver Lodge Laboratory, Department of Physi
s, University of LiverpoolLiverpool, L69 7ZE, UK(Re
eived July 4, 1998)In-beam 
-ray and 
�
 
oin
iden
e measurements have been made forthe very neutron de�
ient nu
leus 176Hg using the re
oil-de
ay tagging(RDT) te
hnique. The irregular yrast sequen
e observed to I = 10~ in-di
ates that the prolate intruder band, seen in heavier Hg isotopes nearthe neutron midshell, is 
rossing the nearly spheri
al ground-state band of176Hg above I = 6~.PACS numbers: 27.70.+q, 23.20.Lv, 21.60.Ev, 25.70.�z1. Introdu
tionRe
ently, lots of experimental a
tivity has been 
on
entrated on the areaof neutron-de�
ient nu
lei with proton number around the 
losed protonshell of Z = 82. In that area a diversity of di�erent 
oexisting nu
learshapes has been observed � on the 
ontrary what has been expe
ted fromthe nu
lei near a 
losed shell.Neutron de�
ient mer
ury nu
lei (Z = 80, N <126) have been studiedextensively. With neutron number 110 < N < 124, the ground state bands� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.�� The presentation of this paper was awarded the Leopold Kronenberg prize for a youngspeaker. (1267)



1268 K. Helariutta et al.of mer
ury isotopes are weakly oblate and their properties stay rather 
on-stant. At N = 108 the oblate band is 
rossed by an intruding deformedband asso
iated with a prolate-deformed energy minimum [1�3℄. The pro-late states minimise their energies at N = 102 [4℄ but they still lie above theground state [5℄ whi
h is predi
ted to evolve from the oblate shape towardsa spheri
al shape [3, 4, 6℄.In this work [7℄ a mer
ury isotope lying on the neutron-de�
ient sideof the neutron midshell (N = 104), 176Hg has been studied. Earlier, yrastlevels up to I� = 12+ in 178Hg have been identi�ed by Carpenter et al. [6℄.In a

ordan
e with the theoreti
al predi
tions [3℄ an in
rease in the energy ofthe prolate band was seen. In the same experiment three 
 transitions wereunambiguously assigned to 176Hg and they were tentatively asso
iated withan E2 
as
ade between the lowest 6+�4+�2+�0+ states of that nu
leus. Inour experiment we intended to improve the in-beam 
-spe
tros
opi
 data to
on�rm the tentative assignments of Ref. [6℄ and to extend the level s
hemeto higher spin and energy.2. Experimental te
hniqueEx
ited states of 176Hg were populated using the rea
tion 36Ar (190MeV)+144Sm (500�g/
m2, 92.4% enri
hment) ! 176Hg+4n. The beam was de-livered by the Jyväskylä K130 
y
lotron. As this nu
leus lies 
lose to theproton drip line the produ
tion 
ross se
tion was very low (few �b). At thesame time the 
ross se
tion of other rea
tion 
hannels, espe
ially nu
lear �s-sion is very high. To resolve the wanted 
 rays from the vast ba
kground a
ombination of a germanium array Jurosphere and a re
oil separator RITUwith the method of re
oil-de
ay tagging [8, 9℄ was utilised.Jurosphere array 
onsisted of 12 TESSA-type [10℄ and 13 EurogamPhase I [11℄ Compton suppressed germanium dete
tors, pla
ed around thetarget position at angles of 78Æ, 101Æ, 134Æ and 158Æ with respe
t to thebeam dire
tion. The total photopeak e�
ien
y for 1.3 MeV 
 rays wasabout 1.5%. The fusion-evaporation residues were separated using the gas-�lled re
oil separator RITU [12℄ whi
h has a high transmission (about 30%in this 
ase). The separated re
oils and their alpha de
ays were dete
tedusing a position sensitive sili
on strip dete
tor pla
ed on the fo
al plane ofthe separator. 176Hg nu
lei were identi�ed by using the known informationon their alpha energy and half life [13℄ and by 
orrelating the � de
ay withthe respe
tive implantation of a re
oil and 
 rays.



Study of Shape Coexisten
e in the... 12693. ResultsIn an approximately 240 hours of e�e
tive beam time a total alpha spe
-trum of �gure 1 was obtained. The alpha spe
trum is strongly dominatedby 176Pt whi
h was produ
ed via 2p2n-evaporation. A total of about 90000176Hg alphas were dete
ted and a half-life of 21 � 3 ms for the 176Hg �de
ay was extra
ted, being 
onsistent with the earlier measured value of18� 10ms [13℄.
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178 177 176Fig. 1. The total alpha spe
trum in the Si dete
tor.A singles 
-ray spe
trum gated with all the re
oils dete
ted on the RITUfo
al plane is shown in �gure 2 a). In this spe
trum the strongest lines 
anbe identi�ed with the ground-state band of the dominant fusion-evaporationprodu
t 176Pt. When the re
oil-� 
orrelation te
hnique is utilised for theidenti�
ation of 176Hg re
oils and the respe
tive 
 rays, the spe
trum shownin �gure 2 b) is obtained. Comparison between �gures 2 a) and 2 b) showsthe power of the method: from a vast ba
kground one is able to resolve the
 spe
trum of the wanted nu
leus with almost no ba
kground. An �-taggedre
oil-gated 
-
 matrix was 
onstru
ted for building up the level s
hemewhi
h is shown in �gure 3. The level s
heme shows a ground state bandof �ve gamma rays (613.3, 756.4, 551.0, 453.2, 500.5 keV) plus a side bandbran
hing from the 6+ state (529.9, 400.9 keV). The spin assignments arebased on the angular distributions of the 
 rays.
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Fig. 2. a) 
 rays in 
oin
iden
e with the fusion-evaporation residues implanted onthe strip dete
tor; b) 176Hg �-tagged gamma rays.

Fig. 3. The level s
heme of 176Hg.



Study of Shape Coexisten
e in the... 12714. Dis
ussionOur results 
on�rm the earlier tentative level s
heme [6℄ of 176Hg upto 6+. Spanning of the level energy systemati
s of even-mass Hg isotopesdown to 176Hg, shows that the �rst ex
ited 2+ and 4+ states lie higher thanin any other Hg isotope ex
ept the 
losed-shell nu
leus 206Hg. This suggestsa transition towards a spheri
al ground state whi
h is in a

ordan
e withthe theoreti
al predi
tions [3℄.
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 moment of inertia of 174;176;178Pt, 176;178;180Hg plotted as a fun
tionof the 
-ray energy.The similarity between the observed intruder prolate bands in the even-mass Pt, Hg and Pb isotopes 
lose to the neutron midshell is well-known [14℄.In �gure 4 the stati
 moment of inertia (Jstat) of Hg and Pt isotones withN=96, 98 and 100 are plotted as a fun
tion of the 
-ray energy. In this�gure the appearan
e of the prolate band is seen in slightly in
reasing andsmoothly behaving Jstat value. Similarity between the isotones is 
lear. Thusthe behavior of Jstat in the high-spin end of the observed yrast band in 176Hg
an be regarded as being due to a 
rossing prolate band, be
oming yrast onlyat the high spins.
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