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Four superdeformed bands have been confirmetfaf. Two of these bands havé® dynamic moments
of inertia which are nearly constant with rotational frequefiay. The other two bands show the characteristic
rise of. 7(?) with increasingh w seen in most superdeformed bands ofahe 190 region of superdeformation.
From comparisons with the oddl-neighbors, it was found that the alignments of these bands relative to a
192Hg core can be accounted for from the additive contributions of the assigned quasiproton and quasineutron
orbitals.[S0556-28186)01605-9

PACS numbsgs): 27.80+w, 23.20.Lv, 21.10.Re

[. INTRODUCTION similar to that used in th&~ 150 region by Ragnarssd8],
although in that case pairing effects were neglected. It should
It is by now generally accepted that the effects of pairbe stressed that the question of additivity of alignments is
correlations at very large deformations can be probed mogtlso important because it provides a crucial test of whether or
clearly in nuclei of theA~ 190 region of superdeformation. Nnot the measured alignment gains can be ascribed solely to
Most superdeformedSD) bands of this region exhibit the the alignment of individual nucleons or whether it is the
same smooth increase of the dynamic moment of inefffa  Manifestation of a new collective phenomenon such as pseu-
with rotational frequencyiw [1] due to the gradual align- dospin alignment, for example. ,
ment of quasiparticles occupying high-intruder orbitals 192|1—_|ere we f°°“$ on new results obtained fpr the Odd'Od.d
(originating from thei 15, proton andj s, neutron subshells [ nucleus. This nucleus has been the subject of an earlier

in the presence of pair correlations. The fact that the rise ir?tUdy by Lianget al. [9] in which six SD bands were re-
72) is of the same magnitude in most SD bands has made orted. Two of these bands were found to be characterized

o ; . . \ y a.7? moment of inertia constant withw, a feature
more difficult to propose firm configuration assignments than - . ' .
) : . . which can be understood in terms of blocking of expected
in the A~ 150 region, for example. In the latter region, varia- uasiparticle alianments
tions of 7? with %iw have shown to be a characteristic 1% 9 :
fingerprint of the active intruder orbital2] in the SD band
under consideration. Nevertheless, detailed studies such as
those performed recently for the SD bands'{h'%Hg [3, 4]
have been quite successful in presenting a coherent picture of In order to study thé®?TI SD bands in more detail, a new
the various quasiparticle excitations occurring in the SDmeasurement has been carried out with the early implemen-
well. In some instances, these configuration assignmentsition phase of the Gammasphere spectromidi@f which
have been confirmed by the direct measurement o€onsisted, at that time, of 36 Compton-suppressed Ge detec-
B(M1)/B(E2) branching ratios in signature-partner SDtors. High spin states in'°’TI were populated with the
bands[5, 6]. 169Gd(®Cl,5n) reaction at 178 MeV. The beam was pro-

It is the purpose of the present paper to examine whetherided by the 88 in. Cyclotron at the Lawrence Berkeley Na-
configuration assignments can be made firmer by examinintional Laboratory, and the target consisted of a stack of two
in detail the observed quasiparticle alignments. In particularthin, 500 xg/cm? self-supporting targets of isotopically en-
we explore here the extent to which the additivity principle riched(97.7% material. A total of 5x 1C? triple and higher
of the cranking mod€]7] remains valid at very large defor- order coincidence events were recorded, and the data were
mations; e.g., whether the alignments observed in a twosubsequently sorted into a three-dimensional histogram.
quasiparticle SD band can be accounted for by the additiofrom the three-dimensional histogram, double-gated one-
of the alignments measured in the one-quasiparticle bands dimensional spectra were created using full background sub-
neighboring oddA nuclei. The approach is in many respectstraction and proper error propagation techniqles.

The four SD bands presented in Figs. 1 and 2 and in Table
| are the main results of this analysis. These bands are la-
*Present address: Manne Siegbahn Institute, Stockholm, SwedeleledA-D in the discussion below. The four SD bands can

II. EXPERIMENT AND RESULTS
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FIG. 2. Double-gated coincidence spectra for SD bafdand
D in 1°2T1. An yrast transition in'%?T| is labeled by the spins of the
initial and final levels.

bands 1 and 2 di9] have energies which are rather close to
those of the two SD bands which have been discovered re-
cently in *°%T1 [13]. In the present work, band 2 was not seen
and it is possible that this band was observed9h only

because in the latter work a long coincidence measurement
was performed at a beam energy of 181 MeV where the
6n evaporation has a higher cross section. The differences
between band 5 of9] and bandC at low energies result

from contaminants which were removed in the present work

and B. Yrast transitions in'%2T| are labeled by the spins of the through the use of double gating. No strong evidence for
initial and final levels. The transition label€lis a known contami- bands 4 and 6 could be found in the current data, and it is

nant. (b) Spectra obtained from sums of all double coincidencePOssible that these sequences belong to another nucleus
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FIG. 1. (a) Double-gated coincidence spectra for SD baAds

gates in band for E,=>437 keV or in bandB for E,>451 keV which is fed at the higher beam energy useddh

showing the weak crosstalk between the bands. The lines at 344.9 Figure 3 presents the dynamic moments of inedid of

and 387.3 keV are yrast transitions which are coincident with
rays of energies nearly identical to those of members of #and

be grouped into two signature partner pairs since, at low
transition energiesy rays of one proposed partner lie almost
exactly midway between the energies in the companion se-
quence. The assignment t&Tl is based on the observation

in the coincidence spectra of yrast transitions assigned to this
nucleus[12]. All four bands display energy spacings and
intensity patterns characteristic of SD bands in Az 190

region[1]. 10 N
Band D is new to this work. While bandé, B, andC E B N
correspond to bands 1, 3, and 5[6f, respectively, there are ~g : | : :

noticeable differences between the results of the two experi-
ments which need to be addressed briefly. As already pointed
out in [9], the SD bands in'%Tl are studied with a
(3’Cl,5n) reaction in which the®*'Cl beam brings into the
compound nucleus more excitation energy and angular mo-
mentum than is truly desirable. As a result, the background
due to fission events is larger than is often the case and,
consequently, the peak-to-background ratio in the coinci-
dence spectra is not as good as in other superdeformation
studies in theA=190 region. To a large degree, the misas-
signments i} 9] were brought aboui) by the lack of knowl-
edge of the yrast and near yrast level structur&fl at that
time, (ii) by errors in channel assignment of the observed SD
bands, andiii) by the lack of statistics in some of the coin-
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FIG. 3. Dynamic moments of inertia®® for the four SD bands
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TABLE |. Measured energies and associated uncertailiire&eV) for the transitions in the four SD
bands of**2TI. The spin values adopted for the final states are given as well — see text for details.

BandA BandB BandC BandD

213.4(0.3), 9

233.4(0.2), 10 253.7(0.2), 11

283.0(0.2, 15 273.8(0.2), 12 293.3(0.2, 13
320.8(0.2), 17 337.5(0.2, 18 313.0(0.2, 14 332.2(0.2, 15
359.0(0.2), 19 374.9(0.2), 20 351.6(0.2), 16 371.0(0.2, 17
397.8(0.2, 21 413.4(0.2), 22 390.4(0.2, 18 409.3(0.2), 19
437.1(0.2), 23 451.1(0.2), 24 427.9(0.2), 20 446.4(0.2), 21
476.1(0.2), 25 489.6(0.2), 26 465.4(0.2), 22 483.6(0.2), 23
515.2(0.2), 27 527.4(0.2), 28 501.8(0.2), 24 519.9(0.2), 25
554.4(0.2), 29 565.5(0.2), 30 537.8(0.2), 26 555.4(0.2), 27
593.0(0.2, 31 603.1(0.3), 32 573.0(0.2), 28 591.2(0.3), 29
632.0(0.3), 33 640.9(0.3), 34 607.2(0.3), 30 625.2(0.3), 31
670.4(0.4), 35 677.7(0.5), 36 642.6(0.4), 32 659.7(0.3), 33
707.9(0.8), 37 715.0(0.8), 38 676.8(0.3), 34 693.8(0.4), 35
712.5(0.9), 36 727.3(0.8), 37

744.7(0.9), 38

the various bands as a function of rotational frequency. The While a rather consistent interpretation of bardisand
difference in behavior between the two sets of bands is rathe® appears to emerge, some questions remain. For example,
striking: while bandsC and D experience a smooth rise in the intensity of bandA is roughly twice that of bandB, a
72 with @ which is similar to that observed in most bands feature which is not expected for signature partner bands
of the 190 region of superdeformation, bandlsand B are  which show small signature splittifigln a similar situation
characterized by essentially constafit) values. This differ-  in 1%Hg, it was shown that two bands with essentially iden-
ence was already noted 8] where the “flat bands” were tical transition energies were pres¢hi. As in Ref.[5], the
assigned the double intruder configuratiorvjis,  widths of y-ray peaks in the spectra of all SD bands were
® iz, This assignment is supported by the results ofcompared: they were found to be identical within the experi-
cranked shell model calculation€SM’s) which indicate  mental resolution. Based on this observation, it is concluded
that the constan?(?) values are brought about by the block- that bandA most likely corresponds to a single SD band and
ing of the vj45, and i3, quasiparticle alignments which the reason for the large intensity difference remains unclear.
contribute significantly to the rise i'® seen in neighbor- This prompted us to seek for further confirmation of the
ing nuclei[1, 14]. These CSM calculations also indicate that proposedvjs,® i 13, configuration by following the ap-
the occupancy of the two highintruder orbitals results in proach presented below.
72 values which are larger than those of other configura-
tions at the lowest frequencies, in agreement with the experi-
mental observations. 1. ALIGNMENTS AND ADDITIVITY

As indicated above, bandsandB appear to be signature
partners on the basis of the measured transition energies.
There is also some evidence for crosstalk between the lowest In order to facilitate the interpretation of SD bands in this
states of the two bands. Specifically, a spectrum generatadass region, the data can be transformed into the intrinsic,
from all double-coincidence gates placed on transitions withrotating frame where they can be compared with quasiparti-
E,=451 keV in bandB reveals the presence of wegkays  cle Routhians and alignments calculated within the frame-
with energies of 359 and 397 keV assigned to bAndCon-  work of the CSM, for example. Such a transformation re-
versely, a similar sum of all clean coincidence spectra withquires knowledge of spins and excitation energies associated
E,=437 keV in bandA exhibits weak coincidence relation- with the bands of interest. These quantities have not been
ships with the 338 and 375 keY rays of bandB (see lower established experimentally in SD nuclei with the exception
two panels of Fig. 1 Thus, the situation is similar to that of band 1 in!®**Hg[17], but it has been shown that it is often
reported for some signature-partner SD bands®itdg [5,  possible to obtain a self-consistent pictureafSD bands in
15] and 1°31%7] [6, 16]. In the configuration of Gammas- a given nucleus using assigned spins and arbitrary excitation
phere used in the present experiment, only six detectors weenergieq3, 4].
located at 90° where the angular distribution of the expected
M1 transitions peaks. This observation combined with the
lack of detection efficiency at low transition energies ex- *Any contribution to the band yields quoted here from &'TI
plains why thewy transitions linking the two sets of states SD band(band 1 with approximately the same transition energies
were not directly observed. It should be noted that a similais less than 8% of the measured strength. This limit was derived
analysis was performed for ban@sandD and no evidence from the measured intensity of the signature partner SD band,
for crosstalk was found in this case. 19171 band 2, which is seen in the data set.

A. Bands A and B



53 ALIGNMENT ADDITIVITY IN THE TWO-QUASIPARTICLE . .. 2129

Spin assignments to SD bands have been m@dey LA E B B
directly identifying primary, high-energy transitions linking 92,
the SD states to the yrast levels as was done recently for the 40 —
first time in 1%Hg [17], (ii) by analyzing the decay spectrum
associated with an SD bar{d8] and by establishing the L i
average entry spins into the yrast states following the decay-
out of a SD band3], and/or(iii) by performing a fit with a
Harris parametrization to the measurg@’ values as a func- *BAND A
tion of frequency[19, 20. In the case of*°Tl, methods(i) S BANDB i
and (ii) could not be applied because of the statistical accu- ® BANDC
racy of the data and metho@ii) proved useful only for ©BANDD
bandsC andD as this technique is known to be unreliable 8o 7
for SD bands built on configurations with a single intruder
orbital such aj5, occupied. The spins adopted for bands
A and B are given in Table I. We return to our choice of ® BAND 1
these spin values later in the discussion. 251 ©BAND2 .
To compute Routhians and alignments for the four SD 0 o1 02 03 04 05
bands in1°2TI as well as for some of the SD bands in the ho (Mev)
odd-even neighbor$®*Hg and 1°°Tl, a reference needs to be
chosen. In the present work, the yrast SD band®flg was FIG. 4. Experimental Routhians for the four SD band<$#rl
adopted since there is ample experimepial21] and theo- obtained under the assumptions described in the text. Also shown
retical[22—25 evidence that this nucleus can be consideredire the two SD bands of**T| corresponding to theri s, excita-
as a doubly magic SD nucleus because of the presence t$ns. In all cases the reference is the yrast SD bantffg.
large shell gaps & =80 andN=112 at large deformations.
This choice of the full set of experimental data is not withoutdiagram of Fig. 4, ban& can be associated with the favored
questions, however. The® moment of inertia changes signature resulting from the coupling of the favorgd,,
with frequency in this reference band because of the subs@&eutron to the favored, s/, proton, giving the signature quan-
guent gradual alignments of a pairjgk;, neutrons and a pair tum numbere=0. Correspondingly, band results from the
of i3 protons[1, 14, 26. Thus, this reference represents coupling of the favored ;5,, neutron to the unfavored,s,
more than the rotating core which is commonly used to comproton resulting ina=1. It follows from this coupling
pute these quantities, as the effects of alignments and ttecheme that bands andB have odd and even spins, respec-
resulting changes in pairing and/or in deformation with fre-tively.
quency are included. The Routhians for the four SD bands in The alignments calculated with the sarttéHg reference
19211 are presented in Fig. 4 together with those for the twoare presented in Fig. 5 for the SD bands'#Tl, the favored
SD bands of Tl which are built on therri, g, intruder 5, band in ***Hg and the twai 5, Signature partner exci-
configuration(bands 1 and 2 if16]). The absolute energy tations in 1%3TI. Before discussing the alignments observed
scale on the figure is arbitrary and the relative excitationn the SD bands oft®2Tl, it is important to understand the
energies of signature partner bands have been fixed by ré&ehavior seen in the two odd-even neighbors. In contrast to
quiring that there be no energy splittindhé’=0) at the  what might be expected for intruder bands, thes,, band of
lowest frequencies. As the figure indicates, baAdand B 191Hg begins to lose alignment almost immediately with re-
exhibit signature splitting at higher rotational frequenciesspect to the core. This can be understood by realizing that the
while bandsC and D are strongly coupled over the entire j,5, neutrons are predicted to align beld=0.35 MeV in
range of the bands. 92Hg [1, 14] and their contribution to the angular momen-
As discussed above, the double intruder configuration asum is included in the reference. The alignment of this qua-
signed to bandé andB is based primarily on the constancy siparticle pair is blocked in band 1 df*Hg, and a negative
of the.7?) moments of inertia witth . However, a strong contribution to the alignment should be expected when the
confirmation of the assignment for each band can be inferredeutrons begin to align in the core. This process starts at
from the Routhians in the following way. From Fig. 4 it is Aw=0.2 MeV (see Fig. 5 and continues over the entire
clear that the splitting seen in bandsand B mirrors that frequency range of band 1. In fact, by examining the data in
displayed by the"3Tl i 15/, excitationg 16]. In addition, the  this way, one is ablé) to determine experimentally the fre-
fact that the unfavored signature of thg, intruder orbital  quency at which th¢,s,, neutrons begin to add significantly
in 1%Hg is populated only at the 10% level relative to theto the angular momentum of the core, afid to show that
favored oné[3] implies that the associated neutron configu-the alignment process is gradual, taking place over a wide
ration for band#A andB must be the yrast, favored signature frequency range. In contrast, the alignment curves for bands
of the j 5/, orbital (band 1 in[3]). Then, from the Routhian 1 and 2 in°TI show a small increase in alignment between
hw=0.1 and 0.2 MeV. This difference in behavior is not
unexpected since the alignment ¢fs, neutrons is not
2This is in agreement with the results of CSM calculations whichblocked in these bands. The observed alignment 1% at
place this orbital quite high in excitation energy above the Fermii w=0.25 MeV) represents intrinsic contributions to the
surface forhw= 0.2 MeV [3]. alignment from the favored and unfavoried;, protons with

g’ (MeV)

L 193-” _
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, , — 7 pletely independent of arg priori quasiparticle assignment.
50 * 9 As such, this agreement also provides a positive self-
consistency check of the proposed configurations for bands
A andB.

A brief comment on the spin assignments for baAdand
B is also in order at this point. As outlined above, there is
strong experimental evidence that these two bands are signa-
ture partners. This implies that one band will have even spin
values and the other odd ones. Based on the observed signa-
ture splitting and the comparison with thg, proton exci-
tations in 1°3Tl, bandsA andB have been assigned odd and
even spins, respectively, and this coupling scheme appears to
be confirmed by the data. It also follows that if the spin
assigned to the levels in the two bands are wrong, they must
be changed by at least: 20 maintain the correct signatures.
Such a change would significantly affect the magnitude of
the alignment curves but not their trajectories. In this case, a
situation would arise in which the response with rotational
frequency of the summed alignment curves agrees with the
two-quasiparticle bands but differs in magnitude by at least
24 (i.e., = 50%). There seems to be no reasonable explana-
tion to account for such a phenomenon, and the spins as-
signed to band# andB can be viewed as the most probable

o (Mev) with some confidence.
Finally, as indicated in the previous section, there is evi-

FIG. 5. (a) the solid curves show the experimental alignmentsqance for crosstalk between banfisand B. As in earlier
for the v] 15, band of **Hg (band 3 and the favoredband 3 and oy [6], limits on B(M1)/B(E2) ratios could be inferred
unfavoredband 3 i1, bands of'°Tl. The dotted and dot-dashed ¢, the measured coincidence intensities. Under the as-
CLI‘qrvestﬁho.W thfe sumds of :(hesetghgnmentsl fzrtthteh C?mc'g”.rat'o_"gumption that the deformation of the SD well Tl is the
WRETE thev] 15/, favored contiguration 1S coupled to e two signa- oo e a5 that derived from lifetime measurements in the SD

tures of thewriq 3, configuration. The experimental alignments de- 19 L
rived from the data for bands andB compare well with the curves bandzof_ *Hg [27, 28, an upper “r,mt to th,EB(M 1) _rate of
~1uy is deduced. This value is consistent with recent

and indicate that alignments are additive in the SD wb)lsame as ’ ) )
(a for alignments in band€ and D. In this case the data are Particle-rotor calculations by Semmesal. [29] which pre-
compared to configurations involving SD bands 5 and &%4ig —  dict theB(M1) rates for thevj5,® i3, configuration to
see text for details. be of the order 0.6 — 146,. In these calculations all other
two-quasiparticle excitations involving the [642]5/2 or-

respect to the®Hg reference. The decrease in alignment atbltal result inB(M1) rates which are either significantly
ller or much larger than 1u§ .

the highest frequencies seen in the favored signature may pEna
due to the blocking of the; s, proton alignment. Confirma-
tion of this interpretation requires the extension of this band B. BandsC and D
to higher spins as it is difficult to address the blocking issue  Since band<C andD do not exhibit any signature split-
from the inspection of the alignment in the unfavored partneting, guidance about the associated spins could not be ob-
because of the signature splitting. tained from the method used for ban@lsindB. Rather, spin
The alignments for band& andB in *°T| are compared  assignments were derived from fits to the dynamic moments
in Fig. 5@ with those obtained by summing the individual of inertia as described if19, 20. The alignments for the two
contributions of the experimental one-quasineutron and onebands are presented in Fig(bb together with those of the
quasiproton orbitals which form the appropriate two-favored signature of the s, proton SD band in'%Tl [see
quasiparticle bands, i.e.j;5,0i{), (for band B) and also Fig. a)] and of a pair of strongly coupled SD bands in
j15221$9, (for bandA). The “f” and “ u” superscripts refer  1°*Hg (bands 5 and 6 ifi30)). It is clear from the figure that
to the favored and unfavored orbitals, respectively. A satisthe alignments with rotational frequency in bar@sand D
factory agreement exists both in the magnitude and the variaslosely follow that of the favored i3, proton band in
tion of the alignment with frequency between the data and'®*Tl, and it is then suggested that this is the associated pro-
the computed values over the entiie range. From this ton configuration. A similar type of analysis was performed
observation it is concluded that the concept of alignmenby Azaiezet al.[31] on SD bands in***Tl to determine the
additivity is applicable to SD bands in th®=190 region. proton configurations involved. Because bafdandD ex-
The approach presented here is model independent in thbit no signature splitting, the neutron contributions to these
sense thati) there is no parametrization for the reference andoands must be based on a set of strongly coupled orbitals.
(i) the agreement between the experimental alignments iBxperimentally, two such bands have been identified re-
bandsA and B and those computed from the chosen SDcently in ***Hg [30] and in the isotone'®*Pb [32]. These
bands in the neighborind®*Hg and °°TI nuclei is com-  excitations have been associated with thE512]5/2 orbital

40—

3.0

2.0

20—
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[30]. From Fig. %b) it can be seen that the spins assigned to*®Hg. It may well be that the similarities in gamma energies
this pair of bands imply a gain in alignment afi ~1/24 are accidental in this case.

with respect to°Hg. The summed alignments resulting

from the coupling of bands 5 and 6 H'Hg to the favored IV. Al =2 STAGGERING

i 132 band in 19371 reproduce the trends exhibited by bands
C andD. Noting that the spin assignments for th&Tl and
191Hg bands are not as firm as those of the intruder configu
rations shown in Fig. ®) (i.e., no checks based on signature

splitting are possible the agreement between experlmentalphysics_ As reported by Flibottet al. [34], a staggering of

and calculated alignments for bandsandD can be consid- y o 52) 1o ments of inertia was observed above a frequenc
ered as rather satisfactory. It should also be noted that the, - q y

proposed{ 512572 (042512 confguraton for bands 10 SV 1 U iee S0 bart O cang e e
and D is associated with smaB(M1) values[B(M1)~ y P P 9y by

0.01u2] for the energetically favored parallel coupling of ~60 eV. Thus, the SD band can be viewed as two sequences

) - of states in which spins differ by#from level to level and
neutron and prqton K quantum num_bézg]. Th|§ prediction a small energy displacement occurs between the two sets.
is consistent with the lack of experimental evidence for M1

crossover transitions between the two signature partn fhis A.I =2 staggering ha_s bgen referred to as;l“:4 bi-
bands Slrcation” or as “C4-OSC|IIgt|on,” hereby suggesting the
' presence of a fourfold rotational symmetry term in the SD
_ o Hamiltonian. Besides the case 81°%Gd, the effect has also
C. Alignments and identical bands been reported in three SD bands 8fHg [35], and there is
From the above analysis, it is concluded that the alignalso tentative evidence in a SD band*Dy [36] as well as
ments of band# andB relative to the'®Hg SD band can be in a similar, but shorter SD sequence,Er [37]. While a
accounted for by considering the alignment contributions assubstantial theoretical effort is taking place to understand
sociated with SD bands in the oddél-and oddZ neighbors.  this phenomenof838—-495 it is also important to search in all
In addition, the alignments in the odd-bands themselves regions of superdeformation for more SD bands where this
have been found to agree with the values calculated withistaggering might occur.
the framework of the CSM for the associated quasiparticle As can be seen from Fig. 3, th&® moments of band
configurations; i.e.yj 5, [3] and i3, [30]. Thus, the data B display a staggering pattern similar to that of the SD band
and the above analysis indicate that the measured alignmerits 14%Gd over the entire length of the cascade. This is illus-
relative to thel®Hg core are associated mostly with single- trated further in Fig. 6 where the quantities'E,, (with
particle effects in both the one and two-quasiparticle excitan=3 and 4 introduced by Flibotteet al. [34] and by Ceder-
tions when intruder configurations are involved. This conclu-wall et al.[35] are presented as a function of spin. The stag-
sion should be contrasted with the assertion that an apparegering amplitude is of the same order of magnitude as that
17 alignment observed between excited “identical” bands inseen in the other nuclei mentioned above.
1911931944 relative to 192Hg results from so-called pseu-  The presence of this oscillation in baBdmight be par-
dospin alignmenf33].2 In this picture, the unit of alignment ticularly significant for the following reasons. Recently, Re-
is generated from the decoupling of the intrinsic nucleonviol et al.[38] have shown thaA| =2 staggering arises natu-
spins from the orbital angular momenta where the latter rerally in any rotationalE2 cascade as a result of a band
main strongly coupled to the symmetry axis while the formerinteraction. Near the spin where a crossing between two
align with the rotation axis. This phenomenon has been asands occurs, the energy levels are shifted up or down be-
sociated with triplet $=1) pairing [31], i.e., the observed cause of the interaction, resulting in a staggering in the
alignment results from a collective rather than a single-A3Ey and A"'Ey plots which will extend over 4 — 6 spin
particle effect. In the present work it has been shown that atates. Such a band interaction scenario could perhaps ac-
more conventional interpretation within the framework of thecount for theAl = 2 staggerings in'%Hg. As discussed
CSM describes the data quite well and the need for nevabove, the rise in7(?) moments with frequency is proposed
symmetries or coupling schemes remains an open questiono be due to the successive alignments of a paiij @k
Integer alignments are not observed in ba@dandD of  neutrons and a pair df 5, protons withZw. In terms of a
19211 with respect to'%TI. Thus, it does not appear that the band interaction picture, this interpretation means that the
pseudospin picture applies in this case either. It should b&8D ground band first interacts with an aligned neutron band
noted, however, that 11 of the 14 transitions in b&hdre and that a second crossing at higher frequencies with an
within 2 keV of the transition energies itP'Hg band 3[3] aligned proton band is present and maintains the oscillatory
implying that both band€ and D have half-integer align- pattern over a larger number of levels. Both of these interac-
ment with respect to this band. However, band 3 is not betions are absent in bar8l because of the blocking effects.
lieved to be involved in the configuration of ban@sand  Thus, the effect seen ih®2TI cannot be attributed to band
D nor does band 3 exhibit integer alignment with respect tdnteractions in a straightforward way.
Flibotte et al. [34] argued that the occupation of a single
N=7 (j1s/9) neutron and a pair of aligned=6 (i3, proton
3A similar relationship has been observed when comparing Sbntruder orbitals in4%Gd might be important in the present
bands 1 and 2 in'3Tl with several two-quasiparticle bands in context; i.e., that the staggering might be associated with the
1947 [31]. polarization of the'®Dy SD core by the three aligned high-

Because superdeformed nuclei are some of the best rotors
available, the characteristic long sequences of in-band tran-
sitions provide an opportunity to search for unexpected ef-
fects on an energy scale rarely achieved elsewhere in nuclear
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. . . —— above, the intensity of this band is significantly larger than
080 (q) . that of bandBand the possibility that this structure represents
the superposition of two SD bands cannot be ruled out. If
030 i this were to be the case, effects at the 0.1 keV level might
well be smeared out.

V. CONCLUSIONS

3
A Ey (keV)
o
[
|

030k | Four SD bands in thé®?Tl nucleus have been studied
with Gammasphere. For reasons explored in the text, three
SD bands reported earli¢®] were not seen in the present
measurement. Configurations have been assigned to all
bands on the basis of the measured variations of Zffe
moments of inertia withi w, the extracted Routhians and
alignments, and the comparison with the alignments mea-
sured in the SD bands of the oddneighboring nuclei based
on the same configurations. The analysis presented above has
or 7 demonstrated that additivity of alignments is applicable for
SD nuclei in theA=190 region, and that these alignments
-0.301- — can be accounted for by considering simple quasiparticle ex-
citations. There is no evidence for integer alignments in
060k - 19211 implying that all orbitals probed carry some intrinsic
L I T PR S I ! alignment, as calculated within the framework of the cranked
1 (h) shell model. Clearly, further tests of the approach presented
here are necessary. These will come from the application of
FIG. 6. TheA®E (1) and AE (1) staggerings as a function gsimilar analysis to other SI_D bands in this reg_ion and, more
of spin | for band B in °2TI, with A3E (1)=1/gE (I +3) importantly, from the est_abllshm_ent of the spin and parity
—3E(1+1)+3E,(1-1)—E(1-3)], and A% (I)=1/16E (I quantum numbers asso.ma.ted with 't.hese SD bands. In view
+4)—4E (14+2)+6E ()~ 4E(1 —2)+E (I-4)]. The spin of the recent results on Imkmg_transfuons]i?mg [17], such
axis represents the average value between the spins of the initifi€@surements are now possible. Finally, b&ndas found
and final states. to display Al =2 staggering. It has been argued that in this
case, the measured staggering cannot be explained by evok-

N holes, and /or by the mutual proton-neutron interactioning a band crossing pictu{@8] as the necessary quasiparti-

between theN=7 and 6 valence holes. In bamiof 1°2T], cle alignments are blocked in this odd-odd nucleus.
single j 15, andi 3, orbitals are occupied and it is possible  The authors express their gratitude to the Gammasphere
that core polarization by the high- intruders and/or a support staff and the 88 Inch Cyclotron operating crew for
proton-neutron interaction manifest themselves through théne optimal conditions under which this experiment was run.
staggerings seen in Figs. 3 and 6. This research is supported by the U.S. Dept. of Energy under

A question also arises naturally about the lack of a similarContract Nos. W-31-109-ENG-38, DE-FG05-87ER4036,
clear effect in the signature partner bakdFig. 3). As noted and DE-AC03-76SF00098.
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