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, R. Brodad, B. Fornald, M. La
hd,J. Wrzesi«skid, J. Blomqviste, A. Gadeaf , J. Gerla,M. Górskaa;b, H. Grawea, M. Kaspara, H. S
haffnera,Ch. S
hlegela, R. S
hubarta and H. J.WollersheimaaGesells
haft für S
hwerionenfors
hungPlan
k Straÿe 1, D-64291 Darmstadt, GermanybNu
lear Physi
s Division, Institute of Experimental Physi
s, Warsaw UniversityHo»a 69, 00-681 Warszawa, Poland
Hahn-Meitner-Institut, Berlin, GermanydNiewodni
za«ski Institute of Nu
lear Physi
sRadzikowskiego 152, 31-342 Kraków, PolandeRoyal Institute of Te
hnology, Physi
s Department Fres
atiSto
kholm, SwedenfInstituto Nazionale di Fisi
a Nu
leare, Laboratori Nazionali di LegnaroLegnaro, Italy(Re
eived February 10, 1999)High spin states in nu
lei around 208Pb were populated in deep inelasti

ollisions of 136Xe, and 208Pb proje
tiles with 208Pb targets at beam ener-gies about 12% above the Coulomb barrier. New states in nu
lei in vi
inityof 208Pb have been found that are resulting from 
oupling of one and twovalen
e quasi-parti
les to the lowest 3� ex
itation of 208Pb 
ore. The re-sults are presented and dis
ussed in the frame of the Parti
le-O
tupoleVibration Coupling model.PACS numbers: 21.60.Ev, 23.20.Lv, 25.70.Lm, 27.80.+wThe low lying states of the nu
lei in the vi
inity of 208Pb result fromthe ex
itation of very few parti
les or holes due to the double shell 
losureof the 208Pb 
ore. The presen
e of the low lying 
olle
tive 3� state ofthe 
ore nu
leus, that is interpreted to be a surfa
e vibration of o
tupole
hara
ter, is also very important for the stru
ture of the lowest ex
ited� Presented at the XXXIII Zakopane S
hool of Physi
s, Zakopane, Poland, September1�9, 1998. (733)



734 M. Rejmund et al.states in these nu
lei. Many levels in the nu
lei 
lose to 208Pb 
ombine this
olle
tive o
tupole ex
itation with the ex
itation of single quasi-parti
les.There is a 
oupling between the single parti
le stru
ture and the o
tupolephonon, that is essential for the properties of these states. This subje
t hasbeen theoreti
ally treated in detail by Hamamoto [1, 2℄.In the present study heavy ion beams of 5.7 A�MeV 136Xe and of6.5 A�MeV 208Pb were used to bombard a 30 mg/
m2 208Pb target (98.7%enri
hed). Ex
ited states in neutron ri
h nu
lei were populated in deepinelasti
 
ollisions. Gamma rays were measured in �ve EUROBALL HPGe-Cluster dete
tors [3℄ of total photo peak e�
ien
y of �2.2% at 1.33 MeVand in the CRYSTAL BALL array [4℄ of total photo peak e�
ien
y of �53%at 1.33 MeV.
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2300 2400 2500 2600 2700Fig. 1. The high energy part of the total proje
tion of the prompt-prompt E
-E

oin
iden
e matrix from the experiment with 208Pb beam.The part of the measured E
-E
 proje
tion around 2615 keV, the energyof the 3� o
tupole vibrational state in 208Pb, is shown in Fig. 1. Manystrong 
 transitions are evident. Most of these 
 lines 
ould be identi�edas is indi
ated in Fig. 1; the information on these transitions is summarizedin Table I. All these transitions are interpreted as deex
iting an o
tupolevibration built on the states of highest spin formed by one or two quasi-parti
les. The new states are assumed to result from stret
hed angularmomentum 
oupling. The detailed dis
ussion of these states is des
ribedelsewhere [5, 11℄. Here we present brie�y an example of states observed in209Pb.
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Pb209
82 127Fig. 2. The partial level s
heme of 209Pb nu
leus resulting from the parti
le-o
tupole vibration 
oupling 
al
ulation (left). The energies of the un
oupled statesare presented for 
omparison on the right. All energies are given in keV relativeto the ground state of 209Pb. Energies of levels marked with (*) are taken fromexperiment and have been used for the 
al
ulation.We �nd that yrast 9=2+, 15=2� and 21=2+ states in 209Pb 
an be de-s
ribed by g9=2 � 0+, j15=2 � 0+ and j15=2 � 3� 
on�gurations with someadmixture of j15=2 � 3�, g9=2 � 3� and g9=2 � (3�)2 
on�gurations, respe
-tively. The partial level s
heme of 209Pb is shown in Fig. 2 (left). Us-ing the Parti
le-O
tupole Vibration Coupling model we derive the unper-turbed single parti
le energies (Fig. 2 (right)) from the experimental en-ergies of levels marked by (*) in the �gure. Also the 
oupling strengthh(�j15=2; �g9=2 � 3�) = �0:591 keV and the wave fun
tions of the 
oupledstates 
ould be dedu
ed.



736 M. Rejmund et al. TABLE IHigh energy transitions observed in nu
lei around 208Pb. These transitions areinterpreted as E3-transitions depopulating o
tupole ex
itations on top of high spinfew parti
le states as presented. j�f i is the leading 
on�guration of �nal state andj�ii � j�f � 3�i is that of initial state.Nu
leus E
 Ei I�i Ef I�f j�f i Ref[keV℄ [keV℄ [~℄ [keV℄ [~℄206Tl 2333 4976 (15+) 2643 (12�) �1h�111=2�1i�113=2 [5℄207Tl 2465 3813 (17=2+) 1348 11=2� �1h�111=2 [5℄206Pb 2559 5218 12+ 2658 9� �1i�113=22f�15=2 [5℄206Pb 2403 6430 15� 4027 12+ �1i�213=2 [6℄207Pb 2485 4118 (19=2�) 1633 13=2+ �1i�113=2 [7, 8℄208Pb 2318 9062 (17+) 6744 14� �1j15=21i�113=2 [8℄209Pb 2419 3842 (21=2+) 1423 15=2� �1j15=2 [5, 9℄209Bi 2741 2741 15=2+ 0 9=2� �1h9=2 [10℄The presented 
ase shows the great importan
e of this 
oupling for lowlying ex
itations in nu
lei in the 208Pb region; whi
h is due to the large
oupling strength. The relevant states are on or 
lose to the yrast line,where the level density is low, and are espe
ially well suited to explore theparti
le-o
tupole vibration 
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