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DEPOPULATION OF THE K� = 9� ISOMER IN 180Tavia COULOMB EXCITATION�M. Loewea, J. Besserera, J. de Boera, H.J. MaieraM. Würknera, J. Srebrnyb, T. Czosnyka
, J. Iwani
ki
P.J. Napiorkowski
, P. von Neumann-Coseld, A. Ri
hterdC. S
hlegele, H.J. Wollersheime, P. Alexaf , A.I. LevongS.A. Karamianh and G. SletteniaSektion Physik, Ludwig-Maximilians-Universität Mün
hen, Gar
hing, GermanybHeavy Ion Laboratory, University of Warsaw, Poland
Nu
lear Physi
s Division, University of Warsaw, PolanddTe
hnis
he Universität Darmstadt, GermanyeGesells
haft für S
hwerionenfors
hung (GSI), Darmstadt, GermanyfInstitute of Chem. Te
hnology, Prague, Cze
h Republi
gInstitute for Nu
lear Resear
h, Kiev, UkrainehFLNR, JINR, Dubna, RussiaiNiels Bohr Institute, University of Copenhagen, Denmark(Re
eived August 7, 1998)The depopulation of 180mTa by Coulomb ex
itation was investigated.The re
oiling tantalum ions from bombardments with 36S and with 64Niwere 
olle
ted in 
at
her foils surrounding the beam. The out-of-beamidenti�
ation of the 8h de
ay of 180gsTa in these foils leads to the existen
e ofa mediating state at about 1.3 MeV ex
ited from 180mTa by an E3 transitionof the order of several Weisskopf units.PACS numbers: 21.10.�k, 21.10.Ky, 21.60.Ev, 23.20.Js1. The nu
leus 180TaOnly 0.012% of natural Tantalum 
onsists of 180Ta, while 99.988% is181Ta. The extremely rare isotope 180Ta survives in nature in an I� = 9�isomer (180mTa) at E� = 75:3 keV. This isomer has a half-life ofT1=2 > 1:2 � 1015y. The I� = 1+ ground-state (180gsTa) is unstable andde
ays with T1=2 = 8:15 h either by ele
tron 
apture to 180Hf or by �� to� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1319)
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t de
ay of the K� = 9� isomer to the K� = 1+ ground-state is highly K-forbidden. The 
hara
teristi
s of the ground-state de
ayof 180gsTa are the Hf K�;� X-rays (72 X-rays per 100 de
ays), the 2+ ! 0+E2 transition in 180Hf (5 gammas per 100 de
ays) and the 2+ ! 0+ E2transition in 180W (0.7 gammas per 100 de
ays). The observation of thesetransitions would indi
ate the depopulation of the 9� isomer to the ground-state (see Fig. 1).
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Fig. 1. Depopulation of the K� = 9� isomer via an intermediate state jzi to theK� = 1+ ground-state. 2. Astrophysi
al aspe
tsThe synthesis and the survival of 180mTa during the nu
leosynthesis isstill un
lear. 180mTa is shielded by 180Hf from the r-pro
ess path (see Fig. 2).In an s-pro
ess s
enario a large number of Plan
k-distributed photons 
anbe expe
ted. These photons 
an ex
ite intermediate states jzi in 180Ta,whi
h may partly de
ay to the unstable ground-state. Cal
ulations showthat intermediate states below 1 MeV would destroy 180mTa while it is beingsynthesized. Intermediate states in 180Ta below 1 MeV therefore ex
lude as-pro
ess synthesis of 180mTa.
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Fig. 2. s- and r-pro
ess paths in the region of 180mTa3. A
tivation experimentsDuring the last few years many di�erent types of experiments were per-formed to �nd intermediate states 
oupling the isomer and the ground-statein 180Ta. Coulomb ex
itation (virtual photons) [1℄ and photo-ex
itation(real photons) [2℄ a
tivation experiments turned out to be most su

essfulin �nding these states.In our a
tivation experiments we bombarded enri
hed 180mTa targetswith 36S (65�125 MeV) and 64Ni (130 and 150 MeV). All parti
le energieswere well below the Coulomb barrier. Four PIN-diodes and a 
urrent integra-tor were used for a 
ontinuos monitoring of the beam geometry and 
urrent.The s
attered Ta-re
oils were 
aught in thin, a few �m thi
k, plasti
 foils.In an o�-beam measurement these foils were put between the end-
aps oftwo planar Ge-dete
tors to obtain a high 
-dete
tion e�
ien
y. To redu
eba
kground radiation, the two Ge-dete
tors were mounted in a high-puritylead 
hamber with an inner 
ompartment made of ele
trolyte 
opper. Withthis setup the 
hara
teristi
 
-rays and X-rays of the 180gsTa ground-statede
ay 
ould be observed for all beam energies (see Fig. 3).
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Fig. 3. Cat
her-foil spe
trum showing the ground-state de
ay of 180gsTa4. Experimental results and 
on
lusionsFrom a 
omparison of the experimental ex
itation fun
tion with Coulombex
itation 
al
ulations we 
an estimate the energy of the intermediate state.The 
al
ulations were done using the 
omputer programs GOSIA [3℄ andCOULEX [4℄. To get information about the multipolarity of the ex
itationwe 
ut the 
at
her-foils in di�erent sli
es to measure the angular distributionof the 180gsTa-re
oils. The best �t to the experimental data is obtainedassuming an E3-ex
itation to an intermediate state at about 1.3 MeV. Forthe B(E3)-value we obtained several W.u. Assuming an E3-ex
itation, theenergy of this intermediate state is probably too high to ex
lude a s-pro
essprodu
tion of 180mTa.This work was jointly funded by the following agen
ies: Tandem-A

eleratorLaboratory, LMU and TUM, Muni
h; DFG, grant Bo 1109; Volkswagen-Stiftung, grant I/70 407; WTZ grant UKR-036-96.REFERENCES[1℄ C. S
hlegel et al., Phys. Rev. C50, 2198 (1994).[2℄ C.B. Collins et al., Phys. Rev. C42, 1813 (1990).[3℄ T. Czosnyka et al., Bull. Am. Phys. So
. 28, 745 (1983).[4℄ J. de Boer et al., Reprint, California Institute of Te
hnology, (1965).


