
Vol. 30 (1999) ACTA PHYSICA POLONICA B No 3
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hung, D-64220 Darmstadt, Germany(Re
eived January 13, 1999)Two experiments have been performed at the A

elerator Laboratoryof the Department of Physi
s, University of Jyväskylä, Finland, and are re-ported here. The �rst experiment was a re
oil-de
ay tagging study intendedto delineate the level s
heme of 226U for the �rst time. The subsequent ex-periment, the observation of �ne stru
ture in the � de
ay of 230Pu, wasto obtain an improved measurement of the ex
itation energy of the �rstex
ited 2+ state, whi
h was tentatively assigned in the �rst experiment.PACS numbers: 27.90.+b, 21.60.Ev, 23.20.�g, 25.70.�z� Presented at the XXXIII Zakopane S
hool of Physi
s, Zakopane, Poland, September1�9, 1998.�� Work supported by the U.K. Engineering and Physi
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hCoun
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686 P.T. Greenlees et al.1. Introdu
tionIt is now well established that a
tinide nu
lei with Z = 88�92 andN ' 134 exhibit properties that 
an be asso
iated with o
tupole 
orre-lation e�e
ts. These nu
lei are di�
ult to populate via 
ompound nu
leusrea
tions, due to strong �ssion 
ompetition and a la
k of suitable beam andtarget 
ombinations. Re
ently, multinu
leon transfer rea
tions have beenemployed in order to study the high- spin behaviour of isotopes of Rn andRa [1℄. These studies, along with previous measurements of isotopes ofTh [2℄, show that only �ve nu
lei in this region (222;224;226Ra and 224;226Th)exhibit rotational alignment properties expe
ted for o
tupole deformation.Cal
ulations predi
t that 224;226U should possess deep minima in the poten-tial energy surfa
e for non-zero �3, with gains in potential energy over thatfor a re�e
tion-symmetri
 shape similar to the isotopes of Ra and Th listedabove [3℄. The maximum 
ross-se
tion for produ
tion of 226U using the re-a
tion 208Pb(22Ne,4n)226U is approximately 6 �b. It is therefore ne
essaryto employ some form of 
hannel sele
tion to extra
t the 
 rays of interestfrom the large �ssion ba
kground.2. Re
oil-de
ay tagging study of 226UThe re
oil-de
ay tagging (RDT) [4, 5℄ experiment utilised the ritu gas-�lled re
oil separator [6℄ in 
onju
tion with the jurosphere array of Gedete
tors. A 
omplete des
ription of the experiment and relevant referen
es
an be found in Ref. [7℄; a brief outline of the main results will be presentedhere.
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heme of 226U. The �gures in bra
kets are total transitionintensities normalised to that of the 4+ to 2+ transition.



Identi�
ation of Ex
ited States in 226U 687The level s
heme dedu
ed from this work is shown in �gure 1. Two in-terleaved bands of opposite parity 
an be seen, 
onne
ted by strong ele
tri
dipole transitions. Su
h stru
ture is 
hara
teristi
 of a nu
leus with strongo
tupole 
orrelations. The weighted mean value of the ratio of the intrinsi
dipole to quadrupole moment, jD0=Q0j, measured from E1=E2 bran
hingratios was 7:9(5) � 10�4 fm�1. The di�eren
e in aligned angular momen-tum, �ix, between the negative- and postive-parity bands is shown in �gure2. The behaviour of �ix follows 
losely that of 224Th and 222Ra. This is
onsistent with the behaviour expe
ted for a rotating re�e
tion-asymmetri
shape. The 
ontrasting behaviour of 220Rn is due to the rapid alignment ofan o
tupole phonon with the rotation axis. See Refs [1,8℄ for further detailsof these e�e
ts.
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Fig. 2. Plot of the di�eren
e in aligned angular momentum between the positive-and negative-parity bands as a fun
tion of rotational frequen
y. Data for 224Thand 222Ra,220Rn are taken from Refs [2,1℄ respe
tively.3. Fine stru
ture in the � de
ay of 230PuThe subsequent experiment employed the 208Pb(26Mg,4n)230Pu rea
tion.Fusion- evaporation produ
ts were magneti
ally separated from �ssion prod-u
ts and primary beam using the ritu devi
e, and implanted into a sili
on-strip dete
tor pla
ed at the fo
al plane. The te
hnique of delayed 
oin
i-den
es [9℄ was used to extra
t the �-de
ays 
orresponding to 230Pu.The spe
trum of events 
orrelated to � de
ay of either 226U (7.565 MeV)or 222Th (7.982 MeV), within a maximum time interval of 900 ms is shownin �gure 3. Two groups of events 
an be seen, the lower energy group
orresponds to the � de
ay of 230Pu into the �rst ex
ited 2+ state of 226U.Sin
e the transition energy is expe
ted to be around 80 keV, the e�e
t ofinternal 
onversion ele
trons summing with the energy deposited by theemitted � parti
les must be taken into a

ount, sin
e this will shift the
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Fig. 3. Events 
orrelated to the � de
ay of either 226U or 222Th, within a maximumtime interval of 900 ms. The dotted line is a Monte Carlo simulation.observed 
entroid of the �ne stru
ture peak to higher energy. This is doneby use of a Monte Carlo simulation. The energy of a parti
ular event is
al
ulated using the following input parameters: the ground state to groundstate �-de
ay energy, the ex
itation energy of the ex
ited state, the relativebran
hing ratios, the dete
tor resolution, the implantation depth and therelevant internal 
onversion 
oe�
ients and ele
tron binding energies. Inthis 
ase, the ex
itation energy of the ex
ited state is not known, thus thetransition energy is varied. The 
entroid separation of the two peaks is thenmeasured as a fun
tion of transition energy. This allows a determinationof the transition energy through 
omparison with the experimental data.Through this analysis, the energy of the 2+ to 0+ transition in 226U wasfound to be 96(25) keV. Further analysis and a more detailed des
ription ofthe experiment 
an be found in Ref. [10℄.REFERENCES[1℄ J.F.C. Co
ks et al., Phys. Rev. Lett. 78, 2920 (1997).[2℄ B. A
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