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CHARACTERISTICS OF SEGMENTED SUPERCLOVER DETECTOR IN CLOSE GEOMETRY DECAYMEASUREMENTS�P. Rahkilaa, T. Grahna, K. Eskolab, J. Gerl
, P.T. GreenleesaP. Jonesa, D.T. Jossd, R. Julina, S. Juutinena, H. KankaanpääaA. Keenana, H. Kettunena, I. Kojouharov
 , P. KuusiniemiaM. Leinoa, A. Melarangie, C.J. Mooree, M. MuikkuayP. Nieminena, R.D. Pagee, C. S
holeye, and J. UusitaloaaDepartment of Physi
s, University of JyväskyläP.O.Box 35 (Y5), FIN-40351 Jyväskylä, FinlandbDepartment of Physi
s, University of Helsinki, Helsinki, Finland
Gesells
haft für S
hwerionenfors
hung, Darmstadt, GermanydS
hool of S
ien
es, Sta�ordshire University, Stoke-on-Trent, UKeOliver Lodge Laboratory, University of Liverpool, Liverpool, UK(Re
eived January 24, 2001)Chara
teristi
s of the segmented Super Clover germanium dete
tor re-sponse in 
lose geometries have been studied. Results obtained with lo
al-ising hit pattern re
ognition are 
ompared with results from add-ba
k andindividual 
rystal analysis. The dete
tor has been used at the fo
al plane ofa gas �lled re
oil separator to dete
t isomeri
 gamma-rays from the nu
leiprodu
ed in the 150Sm(42Ca,4n)188Pb rea
tion. Coin
iden
e data from thedete
tor was analysed and the level s
heme below the 1.2�s isomeri
 statein 188Pb 
ould be dedu
ed.PACS numbers: 29.30.Kv, 29.30.Gx, 29.85.+
, 23.20.�g1. Introdu
tionComposite germanium dete
tors typi
ally have a large a
tive volume[1,2℄, thus they are very e�
ient and suitable for o�-beam gamma-ray spe
-tros
opy in 
lose geometries. Segmentation of 
omposite dete
tors [3�5℄ 
anbe advantageous also in o�-beam spe
tros
opy. Position sensitivity of the� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.y Present address: CLRC, Daresbury Laboratory, Daresbury, UK.(773)



774 P. Rahkila et al.segmented 
omposite dete
tor allows the lo
alisation of dete
ted gamma-rays within the dete
tor to be determined. It is also possible to separate
oin
ident gamma-rays. The GSI Super Clover dete
tor [6, 7℄ 
onsists offour large n-type HPGe 
rystals, ea
h of 6 
m diameter and 14 
m lengthbefore shaping. The 
rystals are ele
tri
ally segmented into four quadrantson their outer 
onta
t (�gure 1(a)). The resulting 16 separate sub-volumesare 
oupled into nine signals (�gure 1(b)). The four 
enter 
onta
ts havegood energy and timing resolution while the outer segmented 
onta
ts withlower signal quality are used for lo
alisation. The dete
tor was surroundedby an 8 element suppression shield (�gure 1(b)).
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Fig. 1. (a) Illustration of the Super Clover 
rystals. (b) S
hemati
 drawing of the9-fold segmentation s
heme and the BGO shield. The 
enter 
onta
ts (C1-C4)have good energy and time resolution while the position signals (P1-P9) are usedto lo
alise the gamma-rays. The elements of the BGO shield are indi
ated usinghat
hing. 2. Analysis modes and dete
tor 
hara
teristi
sData from the dete
tor were analysed using three di�erent methods:(i) in total add-ba
k mode, (ii) as four individual 
rystals and (iii) using ahit pattern re
ognition algorithm developed for segmented 
lover dete
tors.In the algorithm the 16-fold segment hit pattern is re
overed using both
rystal and position signals. The pattern is sear
hed for isolated hits of asingle or adja
ent double or triple segments. The energy and time of the



Chara
teristi
s of Segmented Super Clover Dete
tor in : : : 775in
ident gamma-rays are then 
al
ulated from the energy and time signalsof the inner 
onta
ts overlapping the pattern found. No 
he
ks of 
rystal orposition energies are done, whi
h makes the method simple and independentof the quality of the position signals but at the same time some sensitivity islost. Chara
teristi
s of the dete
tor were measured with radioa
tive sour
espla
ed on the axis of the dete
tor 2.5 
m from the dete
tor fa
e. Absolutee�
ien
ies dedu
ed from the 60Co data show that the individual 
rystalmode is the most e�
ient of the three at this distan
e, having a photo-peak e�
ien
y of approximately 5.5% at 1332 keV. For both total add-ba
kand the hit pattern re
ognition, the add-ba
k fa
tor drops below 1.0 fromtypi
al values of 1.5 and 1.2 measured at the standard 25 
m sour
e-dete
tordistan
e. In the 
ase of total add-ba
k this re�e
ts the large probability of
oin
iden
e summing as the solid angle subtended by the whole dete
toris nearly 30% at 2.5 
m. Hit pattern re
ognition is less a�e
ted by the
oi
iden
e summing but the 
oupling of the segments makes the re
overyof some s
attering paths (for example C1P5-C2P4) impossible using thesimple hit pattern re
ognition alone. In the latest segmented 
lover dete
torswith 16-fold un
oupled segmentation the performan
e of the hit patternre
ognition algorithm should be better. The BGO shield was used in threedi�erent 
on�gurations in whi
h a 
rystal was vetoed with (all) eight, four ortwo 
losest elements. Whole shield suppression was found to give optimumperforman
e. 3. Isomer spe
tros
opy of 188PbThe dete
tor was subsequently pla
ed at the fo
al plane of the RITU [8℄gas �lled re
oil separator.The re
oiling nu
lei produ
ed in the 150Sm(42Ca,4n)188Pb rea
tion wereseparated from beam parti
les and �ssion produ
ts by the separator andimplanted into a position sensitive sili
on strip dete
tor (PSSD). Delayed
�
 events dete
ted in the 
lover dete
tor pla
ed at 2.5 
m from the PSSDwere sorted into matri
es using individual 
rystal analysis mode. Transitionsde-ex
iting the 1.2�s isomeri
 state at an ex
itation energy of 2576 keV in188Pb were identi�ed using an additional 
ondition that the gamma-raysmust have been dete
ted within 3�s after the re
oil implantation (�gure 2).The data are in agreement with those proposed by Heese et al. [9℄ andDra
oulis et al. [10℄ and show that the dete
tor 
an be used to dete
t
oin
ident events in su
h experiments.
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Fig. 2. Energy spe
trum of 
oin
ident gamma rays observed 3�s after the re
oilimplantation and gated by the 723, 340 and 370 keV transitions.This work has been supported by the A
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