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Abstract: Six superdeformed bands have been found in the nucleus Z"=Tl. For two of

the bands, the dynamic moment of inertia J(S) is found to be constant with the rotational

frequency _h,,. This result can be understood in terms of Pauli blocking of quasiparticle align-
ments in intruder orbitals, and represents the first experimental evidence that the alignment
of these intruders is responsible for the smooth rise in j(2) seen in other superdeformed nuclei
of this mass region.

One of the most intriguing aspects of superdeformed (SD) nuclei in the A = 190 regions
is that the vast majority of SD bands displays a smooth prouounced increase of j(2) as a

function of the rotational frequency _. The occupation of specific high-N intruders cannot

account for this rise 1-4. An explanation in terms of changes in deformation with _ has

been ruled out from the available lifetime measurements 5. It has been suggested that the

combined quasiparticle alignments of a pair of N = 6 (i,3/2) protons and a pair of N = 7
(Jls/2) neutrons, and the resulting changes in pairing play an essential role in such a rises-_.

Experimental evidence for this alignment picture is at present circumstantial. Clearly, the

study of the behavior of J(_) in the SD bands of an odd.odd nucleus should be particularly

revealing. If both the odd proton and the odd neutron occupy the high-N intruder orbitals,
the alignments should be blocked and, as ;_ result, the moments of inertia should be constant

with f.requency. Here, we report on a study of *'UTl where six. SD bands have been located.

Two ofthesebands arecharacterizedby constantmoments ofinertia,therebyproviding

thefirststrongevidencethatthealignmentofquasiparticlesoccupyingthehigh-Nintruder
orbitalsindeedplaysan essential'roleintheevolutionofJ(_)with_.

The statesin*9_Tlwerepopulatedwith the *_°Gd(_ZCl,Sn)reactionat beam energies

of 178 and 181 MeV. The 7"7 coincidencedata were recordedusingthe Argonne-Notre

Dame BGO -),-rayfacilityconsistingof 12 Compton-suppressedGe detectorsand an inner

arrayof 50 BGO elements.A detailedanalysisofthe datarevealedthe presenceofsix

superdeformedbands ini_Tl_. Fig. 1 presentsspectraforthesebands. The bands are

veryweak and insome casesdi_cultto discriminatefrom contaminants,the coincidence

relationshipsbetweenthe7 rayswerealsostudiedcarefullyby observationsofregulargrid

patternsinthe two dimensional_r-7matrixusingthe code BANDAID _,i°.Fora few clean

rays,multipolarityinformatiooobtainedfrom angle-sortedmatricesixindicatesthatthe
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transitions involved are of stretched E2 character. As some of the "_rays discussed here are

close in energy to SD transitions in lSlTlX_, care was taken to ensure that the assignment into

1_2T1is correct by checking that (1) the relative variation of the 7-ray intensities between the

beam energies and (2) the fold distributions at each beam energ_yfollow the pattern exhibited

by the I_2T1 transitions. Finally, in analogy with the neighboring l'l,19s,_'4Tl isotopes 12,_s,z4,

these six bands can be grouped into three strongly coupled signature pairs (bands 1-2, 3-4,

5-6).

The dynamic moments of inertia for the six bands are presented as a function of the

rotational frequency _ in fig. 2. From this figure, several observations can be made. First,

it is clear that JO) remains constant with _ for bands 3 and 4 (fig. 2a), while the other four

5D bands display the more typical rise with tu_ (fig. 2b). Second, a comparison between

the JO) values for bands 3 and 4 and those of the odd-even neighboring nuclei 191Hg (band
1)4 and 19tT112 (fl8. 2a) indicates that, at the lowest frequencies, the value of j(2) is lower

in the odd-even neighbors than in the two new SD bands. In order to understand these

results, we have performed cranked shell model calculations with the Warsaw-Lund code

which uses a Wood-Saxon potential 15 with the universal parameters given in ref. 16. While

specific results depend on the deformation and the pairing gaps used, the followin 8 general

conclusions can be dzawn: (i) An alignment of an N=7 neutron pair, which is calculated to

occur in I'tTI (and _'2Hg) within 0.15< h_ <0.3 MeV is blocked in 1°2T1 (and _SlHg) when

the odd neutron occupies the second j_s/_ orbital involved. (ii) An alignment of a pair of
N=6 protons is calculated to occur between 0.25< _ <0.4 MeV in I_tH 8 (and 1_2H8). This
alignment is also blocked in 192T1 (and 191T1) when the proton occupies the third intruder

ils/3 orbital. (iii) At low values of _, our calculations show that the occupation of both the

_rit3/2 and v'jls/2 orbitals will result in an additional contribution to J(_) with respect to the

odd-even nei_;hborlng nuclei. The calculated value (107 _.2M'eV-t) for the double-blocked
configuration discussed above, is Mso shown in fig. 2a, and agrees well with the data. On the

basis of this discussion, we propose that bands 3 _ud 4 correspond to a configuration built

on the favored (r=i) signature of the vj_/2 orbital coupled to the two signatures (r=±i)
of the z'i_a/2 orbital, i.e., z'i_3/2(r---±_)®v._s/_(r_-i). (It has been shown in ref. 4 that the

unfavored (r=--i) signature of Vjls/_ orbital is located too high in energy to be observed
experimentally.) In fact, the data on bands 3 and 4 represent the first case where constant
values of 30) have been observed in SD bands near A = 190.

The discussion above also serves as a starting point for the interpretation of the four

other SD bands in t_T1. From fig. 2b it is apparent that the four bands all exhibit a rise

in dO) with _. Furthermore, this rise is similar to that seen over the same frequency range

in the odd-even neighbors and is significantly smaller than thai observed in the even-even

_a'_°Hg nuclei. This suggests that onJy one pair of kigh-N intruders is aligning in these

four t_Tl bands. (This argument is also consistent with the observation that the .J(_)values

at t_he lowest fzequencies are smaller here than in bands 3 and 4, as discussed above.) The



question then remains whether it is possibIe to identify the odd intruder particle as a proton
or a neutron.

We propose that the four bands are associated with the intruder _'_13/2164215/2 configu-
ration coupled to the lowest neutron excitation identified in l_lHg (bands 2 and 3 in ref. 4) ,

i.e. the vi11/_[64213/2 orbital. This assignment is based on the following considerations. (1)

Both pairs of SD bands show increasing signature splitting as a function of t_ as expected

for the _ri13/2164215/2 and viu/2164213/2 orbitals, and these splittlngs have been observed
experimentally in the SD bands of lsl,lSSTl12,1s and 1_IHg'. (2) Recently, Stephens et al.17

have proposed to compare SD bands near A = 190 by examining the evolution wi_h _ of the
incremental alignment Ai. Striking patterns of incremental alignment values cluster around

A i = 1, +0.5, 0 over a wide ti_ range have been shown to occur, particularly when the

SD bands being compared are characterized by configurations involving the same number of

high.N intruder orbitals 1,1s,l',ls. We have computed Ai values for the lS2T1 SD bands using
l_°.l'l'lg2Hg and lsx,lSSTl as possible references. Only when one of the 1SIT1 SD bands 12 is

the reference does Ai exhibit behavior of this type. We obtained Ai (band 2) _ 0 relative

to band 1 of lSlTl, and Ai (band 5) __ 1 relative to band 2 of 1SIT1over the entire _ range,

respectively. This suggests that bands 2 and 5 share the same _r,:13/2(r=:i:i) intruder content

as 191T1. Furthermore, the signature partners (band 1 and 6 respectively) show smoothly
decreasing values of Ai with _ in analogy to that seen in SD bands associated with the

vilxx/_[642J3/2 orbital in _91Hg4. Thus, one of the two pairs of bands (1-2 or 5-6) corresponds

to _rix3/2164215/2(r=i)®_,i_/3164213/2(r=:i:i) configuration while the other is associated with

the unfavored (r=-i) _r_:ls/_partner coupled to the same neutron configuration. Unfortu-
nately, the available data do not provide an unambiguous way to determine which of the

pairs should be a:ssociated with the r=+i or the r=-i proton configuration.

It is worth pointing out that a similar classification can be proposed for the SD bands

in XS'Tl of ref. 14. A pair of SD bands labeled as bands 3a & 3b in ref. 14, has a higher

,](_) at low Rco and displays a smaller rise with ti_. This pair is most likely associated with

a configuration where the two odd particles occupy high-N intruder orbitals. The small rise

in ,J(_) would then have to be the result of second order effects (such as small changes in

deformation with _ and/or small changes in higher order pairing corrections .... ) The two

other signature partner pairs (marked la & lb and 2a & 2b in ref. 14) can then be understood

as being based on the intruder proton configuration coupled to neutron excitations observed
in the _SaHg SD bands.

In conclusion, six SD bands have been found in X'_T1. Two of these bands are character.

ized by a dynamic moment of inertia J(_) which remains constant with rotational frequency.
This result can be understood within the framework of cranked shell model calculations with

pairing as being due to Pauli blocking of high-N intruder orbitals. This is the first evidence
that pairing is indeed carried to a large extent by these intruder orbitals in the SD nuclei

near A = 190. Configurations have been proposed for all six SD bands. They involve proton
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and neutron excitations which have been observed in the odd-even neighboring SD nuclei
191T1and *'1rig.
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Figure I: 3,-ray spectra obtained for the sir, SD bands in aoaTI by summing cleanest coincidence

gates. The SD band enemies are indicated. The errors are on _he order of 0.5 ke V for the
strongest transitions and up to I ke V for the weakest 7 rays, Transitions for which the

placement is not certain are 9iven in parenthesi,_. Several contaminants are also present in
the spectra.
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(b}: dynamic moments of inertia for bands
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have been draum to 9uide the eye.
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