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RECENT RESULTS FROM THE SARIARRAY WITH RITU AT JYFL�P. Jonesa, P. Rahkilaa, J.F.C. Co
ksa, K. HelariuttaaR. Julina, S. Juutinena, H. Kankaanpääa, H. KettunenaP. Kuusiniemia, Y. Le Cozb, M. Leinoa, M. MuikkuaP. Nieminena, and A. SaveliusaaDepartment of Physi
s, University of JyväskyläJyväskylä, FinlandbDAPNIA/SPhn CEA-Sa
lay, Fran
e(Re
eived February 8, 1999)A 
ompa
t array of segmented 
lover dete
tors has been used in 
on-jun
tion with a high transmission re
oil separator. Prompt gamma-rays aredete
ted by the array, and the subsequent re
oiling nu
leus by a positionsensitive sili
on dete
tor at the separator fo
al plane. Isomeri
 gamma-raytransitions were also dete
ted by germanium dete
tors at the fo
al plane.Transitions from the 166Er(28Si, 4n)190Pb thin-target rea
tion at 143 MeVwere studied. Both prompt and isomeri
 states were observed asso
iatedwith spheri
al, oblate and prolate 
on�gurations.PACS numbers: 27.80.+w, 23.20.�g, 25.70.�z1. Introdu
tionNilsson�Strutinsky 
al
ulations [1,2℄ for the neutron-de�
ient lead nu
leishow a potential 
onsisting of a spheri
al minimum 
orresponding to theZ = 82 
losed shell, an oblate minimum 
omposed of a pair of protons fromthe s1=2 orbital to the high-
 intruder orbitals, and a prolate minimum fromfour-proton, four-hole ex
itations.Experimentally, deformed stru
tures in the light even-mass lead isotopeshave been studied by alpha-de
ay [3℄, asso
iating an oblate minimum downto 188Pb [4℄. Prolate stru
tures have been observed for the lighter lead iso-topes by using a re
oil-�lter devi
e for 188Pb and 186Pb [5, 6℄. From energysystemati
s of the even-mass lead region, 190Pb sits at the point where the� Presented at the XXXIII Zakopane S
hool of Physi
s, Zakopane, Poland, September1�9, 1998. (671)



672 P. Jones et al.prolate minimum holds some signi�
an
e, but is unfavoured. Re
ent mea-surements by Dra
oulis et al. [7℄ using pulsed beams and ba
ked targets,indi
ate this. However due to the 
omplexity of the nu
leus, involving iso-meri
 states, a thin target experiment was performed allowing the promptand isomeri
 states to be separately measured.2. The SARI arraySARI, �Segmented Array at RITU�, 
onsists of the latest type of 
om-posite dete
tors - segmented Clover dete
tors. These are based on the EU-ROGAM type of 
lover dete
tor, of four separate n-type germanium 
rystalsin the same 
ryostat. The outer 
onta
ts of the 
rystals are ele
tri
ally seg-mented into nine sub-elements allowing for the measurement of the energydeposited into a spe
i�
 volume of the dete
tor (�gure 1(a)). In this way,the dete
tor 
an be isolated into 16 segments. Due to the small size of ea
hof the divided segments, e�e
ts of Doppler broadening are redu
ed for in-beam gamma-ray spe
tros
opy, allowing in the 
ase of SARI, dete
tors tobe pla
ed nearer to the target position, and hen
e resulting in a large pho-topeak e�
ien
y. Three su
h dete
tors were used in the SARI array, two at135Æ and one perpendi
ular with respe
t to the beam axis, at a distan
e of
rystal fa
e to target position of 10 
m. The overall photopeak e�
ien
y ofthe array is 3% at 1.3 MeV.
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P 5P 2

P 1

P 3 (a) (b)Fig. 1. (a) � S
hemati
 of the segmented 
lover showing the separate 
rystals, andtheir respe
tive segmentation. (b) � Plot of 
rystal versus outer 
onta
t energy.Lo
alised events lie on the 45Æ line.



Re
ent Results from the SARI Array with RITU at JYFL 6733. Experimental te
hniquesIn using the segmented Clover, one needs to determine whi
h segmentor segments has been �hit�. Due to the 
ompa
tness of ea
h dete
tor, ea
hsegment is subtended with a large solid angle by its neighbours. Thus anin
ident gamma-ray 
an s
atter from one segment to another before its totalenergy is deposited. As the dete
tor is 
omposite, if a gamma-ray s
attersfrom one 
rystal to another, both 
rystals 
ontain the Compton s
atteredenergies. The need to tra
k the gamma-ray from its s
atters is required toobtain the full energy of the initial event. By 
omparing the energies ofea
h of the four dete
tor 
rystals with the energies of ea
h of the nine outer
onta
ts in a self-
onsistent manner, the in
ident gamma-ray position andfull energy 
an be determined. This redu
es the ba
kground from otherwisemistaken Compton s
atters, and enables a redu
tion in Doppler width forin-beam studies from the determined angle.4. Spe
tros
opy of 190PbThe RITU gas-�lled re
oil separator [8℄ was used to separate the rea
tionprodu
ts from the 166Er(28Si, 4n)190Pb rea
tion at 143 MeV bombarding en-ergy on a 0.5 mg/
m2 target. Re
oils were fo
used to a position sensitivesili
on dete
tor at the fo
al plane. Situated in 
lose geometry at the fo
alplane were four TESSA-type germanium dete
tors for the dete
tion of iso-meri
 transitions. The SARI array was employed at the target position fordete
tion of prompt transitions.The prompt transitions from SARI were lo
alised and 
orre
ted forDoppler shift. Timing information was available from the re
oil and fromRF-pulsing of the beam. Ea
h transition 
ould thus be assigned to beingprompt or isomeri
, and the relative time di�eren
e between them analysed.Figure 2 shows the dedu
ed transitions from the data set. Using prompt�delayed and prompt�prompt 
oin
iden
e data sets, transitions above andbelow the isomers 
an be assigned. The ground state transitions are fedfrom both the isomeri
 states (11� and 12+) above and also promptly fromthe two stru
tures on the left and right hand side of the �gure.The data are in agreement with those proposed by Dra
oulis et al. [7℄.The weak stru
ture, tentatively assigned as the prolate band has been ex-tended (�gure 3), and is 
onsistent with energy systemati
s for the even leadisotopes.
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Fig. 2. Dedu
ed level s
heme of 190Pb
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Fig. 3. Adopted prolate band members gated on �rst three band members
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