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Evidence for triaxial deformation near N=_86: Collective bands in *2%Dy and **Ho
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The N=86,87 isotopes of dysprosium and holmium have been investigated using the Eurogarayll
spectrometer. A new collective rotational band has been observEdHn and the previously observed,
band in*>®y has been extended to much higher spin. Comparing these bands and similar b&Ady imith
the collective bands in thid =90 isotopes of Dy, Ho, and Er suggests that the Fifsf, proton crossing is not
observed aN=86,87. This observation has led to the reinterpretation of four of the previously observed bands
in 52Dy. It is proposed that the low deformation collective band$*>Dy and >Ho are associated with a
triaxial shape with large positive gamma and that they have a similar origin to the recently observed triaxial
superdeformed bands #¥3-15¢.u.
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I. INTRODUCTION nuclei[4,9,13,14, and in Dy a collective band based on
_ _ an i3 neutron has been observgl3,15. In contrast, in
Studies of the isotopes of DyZE66) and Ho £=67) 530, no experimental evidence has previously been pre-
have revealed that rare-earth nuclei can exhibit a wide varisented for a moderately deformed collective band, although
ety of nuclear shapes and structurgs7]. In the dysprosium  previous studie§14] have noted the similarity of its single-
nuclei, near theN =82 spherical shell closure, the dominant particle level scheme to that 3P?Dy.
shape at low excitation energies is of an oblate single- This paper reports the first observation of a moderately
particle nature with quasivibrational characteristics. At largefdeformed collective rotational band in the nuclelg§Hogg,
neutron numbersN>89) the yrast states arise from moder- gnd on the extension of th&Dy band up tod"=2"7.
ately deformed collective rotorg3g~0.2) [8]. At very high  Both of these bands are discussed in terms of the cranked
spin some of the more neutron-deficient nucleishell model and compared with similar bands in the adjacent
(*'Dy, "Dy, **Dy) [9,10] become superdeformd®D). I dysprosium and holmium nuclei. It is proposed that the mod-
152Dy there are three collective bands which coexist with thegrately deformed bands #7215Dy and 15Ho are associated
oblate single-particle states at low spin. These bands havgith a triaxial shape g,~0.3 andy~20°). The relationship
been associated with moderately deformed rotational struf these triaxial bands with the highly deforméat superde-
tures[11,12. As ***Dy and **Ho have an additional proton formeq triaxial bands ,~0.4 andy~20°) in 163.164.16p ,
and neutron relative t6°?Dy, respectively, one would expect and 5% is discussed. One of the bands 3Dy which
them to also exhibit the three structures observeél5?Dy. previously was assigned as superdeformed has been identi-
Single-particle and SD structures have been reported in botfied as a candidate for a highly deformed triaxial band.
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of nominal thickness 440ugcm 2. Approximately 7.7 8000 g s

x 10% events of escape suppressed foid were collected
during the experiment. Thendexit channel,**Ho, was the
most intensely populated, carrying45% of the total evapo-
ration cross-section. For comparison, th¥Ho(3n),*%Ho
(5n),**Dy (p3n),®Dy (p4n), and *°Tb (a3n) channels
carried~29%, 3%, 8%, 10%, and 22% of the total reaction U§15°°"
intensity, respectively.

High-spin states in*>Dy were populated via th&%Sn
(3%s,5) Dy fusion-evaporation reaction at a bombarding
energy of 182 MeV. A total of 3.210° events of escape
suppressed folég=5 were collected during this run. The de-
tails of this reaction has been described previously, and car  °]
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IIl. RESULTS FIG. 1. A spectrum of the rotational band t*Ho obtained by
setting double gates on all pairs of transitions in the band (948
A. BHo —1343). The band members are marked by an arrow and their

transition energy. Transitions in the decay of ti#Ho spherical

These data were sorted into &n-E,-E, three dimen- ; o .
; i “ » .Y states are marked by their transition energies. The double arrows
sional coincidence “cube” for analysis with th&viTsr [19] . Y] _
mark the expected position of transitions'iDy. The upper inset

software. A search for rotational bands was performed Wlt@hows the result of setting a double gate on the 948- and 1083-keV

the automatic search algorithms descrlped in Rie#-22. transitions. Band members are marked by an arrow. The lower inset
As a result of these searches four rotational bands were ops— as for the upper, but the result of a double gate set on the 948-

served and assigned to the nuclétlo. Three of these .4 1015-keV band members.
bands were consistent with superdeformed bands and have

been discussed in Rdi4]. The remaining band has similar
properties to the low-lying rotational bands 4tfDy [12].
The assignment of this band to the nuclét®o has been

fact thaty rays associated with the decay 6Dy do not
appear in Fig. 1 indicates that the assignment of this band

15 i i ;
confirmed on the basis of coincidence relationships betwee *Ho is correct. Most o_f_the Intensity (_)f_the band_ Passes
band members and transitions in the known level schem rough the 762-keV transition, while a minimal fraction was

(the 913-, 632-, 363-, 456-, and 762-keV transitjofisd]. ound to be in coincidence with the 1043-keV transition.

A v-ray coincidence spectrum of this band, obtained byThis implies one of two possibilities; either the ordering of

. . L the 762- and 1043-keV transitions are reversed when com-
summing all possible combinations of double gates for tran- .
ga'p g ared with the level scheme of Radfartlal.[14], or one of

sitions in the band, is presented in Fig. 1. The band consis

of nine y-ray transitions spanning the energy range goa® decay out transitigns s a 762-k_@k/ray. The_ latter im-
<E, <1343 keV(Table ), with an average energy separa- plies that the lower lying states assigned to this band would

tion of AE,~65 keV. This band is populated with a similar be yrast, which is considered unlikely as these states are
intensity (;0_7%) to the yrast SD band i#®Ho [4]. The prewously unreport_ed. Thus_ the former hypothesis appears
in-band y-ray separation is larger than that for SD bands inIlkely, such a reassignment is not precluded by the analysis

this region AE,~50 keV), but itis similar to that observed of Radford[14]
for the moderately deformed bands 'itfDy [11,12 (AE,

~65 keV), suggesting that this bandrista SD band. B. Dy
The multipolarities of the in-band transitions have been These data were also sorted intoRpE ,-E , coincidence
established from the asymmetry rafieg], defined as cube for analysis. A sample double gated spectrum of the
extended ;3, band observed if®Dy is presented in Fig. 2.
I ,(Phase) The spectrum was obtained from summing all possible com-
asym_m- binations of double gates resulting from the combination of

two lists of energies, excluding the diagonal gat@$8.6,
759.3, 799.2, 840.2, 886.9, and 937a8d the(840.2, 886.9,
Using this method, known stretched quadrupole transition937.8, 993.8, 1051.4, 1110.5, 1170.8, and 12Bi.3he co-
(Al'=2) haveR,syn= 1.0, while stretched dipole transitions incidence cube. This produces a very clean spectrum of the
(Al=1) were observed to hav@,s,,=0.5. The values of band. Two transitions that are not associated with the band
Rasymextracted for the in-band members are shown in Tabl@re clearly visible E,= 636 keV andE, =213 keV) in Fig.
I, and are consistent with th,s, » expected for a sequence 2. These transitions have been previously assigneld®my
of stretched quadrupole transitions. Due to the relativelyf24], and definitively places this band it*°Dy. The 75.6-
weak intensity of this band a definite decay path to the yraskeV transition associated with the decay of this band to the
states in*®*o could not be determined. Although this band 636 keV4 ~ level could not be observed in these data due to
has manyy rays with similar energies t&Dy(B) [12], the  absorbers placed in front of the HPGe detectors. The mea-
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TABLE I. The measured transition energies, relative intensities, 5000
and R,y ratios for the observed bands fi*Ho and **Dy. The |
intensity measurements fol®*Ho have been normalized to the
1218.7-keV transition, those fd153Dy have been normalized to the

—a47

40001

447.3-keV transition. The 1515-keV transition is tentative. ssoo %? 288
30001 L
15 15
*Ho Dy 25001

Counts
« 719
« 759
<« 799

Energy(keV) Intensity = R,q,m  Energy(keV) Intensity a0

447.3(4) 100 (5) 1500+
487.6(4) 84 (5)
532.0(4) 127 (5)
581.1(4) 97 (5)

« 213
« 840
« 887
«— 938
<« 994
« 1051
r « 1111
R « 1171
« 1230
| « 1288
«— 1344
« 1458
) <« 1515%

10001
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674.2(4) 81 (5)
7186(4)  79(5) ety ()
759.3(5) 41 (6) FIG. 2. A spectrum of thé; 5, band in*>®Dy obtained by setting
799.2(5) 42 (6) all possible combinations of double gates between(#i&, 759,
840.2(5) 37 (6) 799, 840, 887, and 93&nd the(840, 887, 938, 994, 1051111,
806.2(13 32 (1) 886.9(5) 31(6) 1171, and 1.23))transit_ions. All the transitions in the ban_d are la-
862.9(6) 62 (2) 0.85(4) 937.8(5) 26 (6) i)rilridaliye;tgglLgi/spi)scftrl(\)/;ﬁr;[e)rgles.dThe unmarke(:] pedak in thfe spec
947.8(13) 91(3) 0944  993.8(5)  25(5) ; Dy, and represents the decays from
spherical levels fed by this band.
1014.6(6) 90 (3) 0.88(3) 1051.4(6) 17 (5)
1082.6(5) 88(2 1.25(25 1110.5(6) 17 (4) eters predicted for this minimung,=0.23, y=0°, are in
1150.2(5) 70(2) 0.97(3) 1170.8(6) 15 (4) remarkable agreement with those determined experimentally
1218.7(5) 100(2) 0.73(3) 1230.3(6) 11 (4) [28]. At this deformation it is expected that several gains in
1287.4(5) 67(2) 0.97(4) 1288.1(7) 9 (3 aligned angular momentum, or “alignments,” resulting from
1342.9(7) 59(2)  1.21(5) 1344.3(7) 73) paired band crossings will occur. The first of these expected
1399.5(7) 73 crossings is the neutrofB (i) 2 athw~0.28 MeV fol-
1457.9(10) lowed by the f|r§t pqlred proton_crossw_lq;llg,z)2 at ho
1515(2) ~0.43 MeV. To identify the occupied orbitals at the nuclear

Fermi surface experimentally, the band crossing frequency

Spin assignment Spin assignment ) . - .
806p « \/5—? 53 a7 i AT+ 9 13+ w. and the gain in aligned angular momentdry, (or align-
evy —7% evy —%

mend, are used. The values @, and Ai, are generally
1342 keVZ ™ %~ 1515 keVigtt -5+ extracted from alignment plots. The alignment of a rotational
band is determined by subtracting a reference t@ooount-
ing for the behavior of the coyefrom the level spins, as
discussed in Ref.29]. In Fig. 4 the alignments of the yrast
bands in theN =90 isotones>®Dy,**"Ho, and*>%r are plot-
ted. From this figure it is clear that the expectegg, neutron
IV. DISCUSSION alignment occurs in all three nuclei. Tihg,,, protonA,B,

While nuclei such as5%o can be characterized as pre- alignment is observed iy and °%Er but it is blocked
dominantly single-particle in nature at low spin, the observall **Ho by the odd proton in ahyy, Ol’blta|.l|5-|70W6V6I’, the
tion of rotational bands in this region of the Segieart is BpCp Proton crossing is seen in bane bf *‘Ho and the
not new. Nuclei in the vicinity of th& =64 subshell closure Start of theApDp crossing is observed in band1The dif-
such as'®iGd [25], 15Dy [11,17, and'SDy [15,26 are ferenges mlghe rzliée o_f increase of the .allgnment in these
known to possess collective rotational bands at low excitabuclei(e.g., ,GDyv % is due to the density of states at the
tion energies based on the occupationvofs, intruder or-  Proton Fermi surface. _ _
bitals. Nuclei withN=90 are well established as good rotors Al‘g can be Seen from Fig. 4, the alignment plots
[2], and in all of these cases orbitals arising from thgy,  OF “Dy(A) and 3'3532’ gﬁfer from those of theN=90 iso-
shell play an important role in determining the observed©nes. Although thel_ Dy bands are observed to higher
characteristics. Those Dy and Ho nuclei withs 90 exhibit ~ SPINS, there is no ewdence for.pa|red band crossings, such as
characteristics of both collective and single-particle modesth® 7hu2, at the higher rotational frequenmless,. This sug-
In these nuclei comparisons between theoretical prediction@ests that the deformations &fDy(A) and the**Dy band
and the experimentally observed behavior has been remar@r€ somewhat different than that &fDy.
ably consistent. For example, total Routhian surfaceS
calculationg27] for *®Dy indicate that a single minimum in
the potential energy surfad®ES, Fig. 3a), persists up to The nuclei Dy and *Dy have similar level schemes,
the highest rotational frequencies. The deformation paramwith the predominant de-excitation path from high spin

sured transition energies, and relative intensities for the in
band transitions are presented in Table I.

A. Triaxial shapes in %Dy and %°Dy
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Y=B2Sin(y+3 0)

FIG. 3. TRS calculations fof@) the vAB configuration of*>®Dy
at#w~0.38 MeV, (b) the vAB configuration of'Dy. Four dis-
tinct minima are identifiable, the superdeform@d 8,~0.59, y
~1°), two triaxial minima (at 8,~0.31, y~19° and 8,~0.25,
y=~—15°), and the single particl@t 8,~0.11, y=~50°). (c) The
vABwAF configuration in*>2Dy, showing the triaxial minimum at
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FIG. 4. The experimental aligned angular momentum as a func-
tion of rotational frequency for the yrast bands in the=90
isotones®"Ho and >%r. Also shown for comparison are the yrast
TD bands in*5215Dy. The Harris parameterd,=32.1 MeV %2
andJ;=34.0 MeV 3:* were subtracted as a reference band.

J7=21" pand heads observed in their experiments. As a
result of these calculations it was suggested that the bands
were based on the occupation of three neutrons within the
i13 shell (see Sec. 4.1 of Refl13] for more details In
addition their calculations suggest that this band lies in a
minimum in the nuclear PES defined by the deformation
parameterg,=0.21, 8,=0.1, andy=23°. These deforma-
tion parameters suggest th&tDy is more susceptible to the

y degree of freedom than®®Dy. A similar scenario was
predicted for*>Dy [30], and noted in the paper reporting the
extension of Dy(A) to high spin by Nyakoet al. [11].
Following the observation of superdeformegB,&0.6)
states in**Dy [33] more detailed calculations were per-
formed by Dudeket al. [31]. They predicted that>Dy(A)

has deformation parameters gf=0.25 andy=25°, i.e.,

the band is triaxial.

We have carried out TRS calculations fér?Dy [Fig.
3(b)] which show the presence of four distinct minima at
high spin. Two of these minima can be readily identified, the
first as superdeformed, the second belonging to single-
particle states ¥~55°). The other two minima are triaxial,
one with a large positives and one with a smaller negative
v. Calculations performed with the cranked Woods-Saxon
model indicate that the protdm 4, paired crossing, at mod-
erate deformations 4,~0.25), is expected to become

through spherical single-particle states. Alternative paths exquenched for large positive values, in agreement with the
ist via the collective bands that are observed to low spinpredictions of Dudelet al.[31]. In contrast, a paired proton

such as band in Dy [11] and the band it>®Dy extended

crossing is expected if the degree of freedom is negative,

in this paper. The lowest states in these bands have beenaking the bands more like those #®Dy [2] and ™%r
known for many years, with their extension to high spin[32]. The assumption of a minimum with a negativelegree
made possible by developments in spectrometer technologygf freedom was assumed in more recent wWdrR| and led to
The Dy band discussed here was observed in 1977 byncorrect configuration assignments being attributed to the
Klein et al. [13], who compared it with similar bands in the 52Dy low deformation bands.

N=87 isotones'**Sm and'®'Gd. They carried out particle-

As discussed above, one method of comparing experi-

rotor calculationg13] to determine the most probable struc- mental and theoretical data is via alignment plots. An align-
ture and deformation parameters for the bands based on theent gain of~15% is observed at w~0.3 MeV in Dy
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bandA (Fig. 4) with the major contribution to the alignment 110
caused byi;3,, neutrons(the AB crossing. If the remainder

is due to the alignment df;,,, protons, as suggested in Refs. 1007
[11,17], then the total alignment at high frequency should be
greater than that observed in the band$f®Dy [2] and *>%r
[32]. It is clear from Fig. 4 that the total alignment &€,
after the proton alignment, is much greater than that for
52Dy(A), which should not be the case if the paired proton
crossing takes place it??Dy(A). It is much more likely that
this additional alignment~5%) in ®Dy(A) at low fre-
quency is due to the vibrational nature GfDy at low spin.

Q07T

80T

70T

60T

Moment of Inertia J° (7 */MeV)

Hence it can be concluded that no alignment gain, due to a 50+ o “py DI
paired proton crossing, is observed itfDy(A). * "Dy

The band reported if>Dy exhibits similar properties to 40 : : — 2
that of *°Dy(A), suggesting similar deformation parameters, 02 03 04 05 06 07
but with an extra alignment of 2.54 at the highest frequen- ® (MeV/h)

cies. This can be reconciled with the extka,, neutron or-

bital that is occupied ifDy. The crossing that is observed  FIG. 5. The dynamical moment of inertig(®) of the triaxial

in 15Dy at iw~0.37 MeV (Fig. 4) is consistent with the deforr(r;)ed bands iA%21%Dy and.15§Ho.AIso shown for reference is

neutronB C paired crossing5] as theAB neutron crossing is e J"" of the yrast SD band Dy

blocked by the odd 3, neutron. With no other obvious o ]

alignments occurring, it can be concluded, asf8Dy(A), superdeformed'trlamal bands. One feature of these l:_)and_s is

that no paired proton crossing is observed in this nucleus. that2 the magnitude of the dynamical moment of inertia
In order to determine the deformation of nuclear stated7'>) is approximately constant ata value-sfrs 7" /MeV.

their transition quadrupole moment®{ have to be mea- This is higher than the valu_e552?5#62ﬁ /MeV  and

sured via lifetime experiments. No lifetime data are available™ 68 i*/MeV for the TD1 bands in"****Dy over the range

on the reported band i#*3Dy, however, theQ, for some of ~ Of 7w from 0.5 to 0.6 MeV, Fig. 5.

the states it>Dy(A) has been measuréti2]. The deforma- In Refs.[34,35 it Walswp&”ltgd out that a key feature of

tion of these states can then be determined by relating thig€ triaxial minimum in=>==" Bu was the formation of a

measured), to the expected values ¢f and y. However, a  large neutron shell gap &t=94 and a large proton shell gap

moderately deformed nucleus wighy~0.30 andy~20° ex- at Z=71. Also it was noted that th_e single-particle levels

hibits aQ, similar to a nucleus with a lowes, of 0.20 and  Which increase greatly in energy asincreases from 0° to

v close to zero. Thus, in this case, B¢ data cannot distin-  20° are ther[402]3 and then[402]3 originating from the

guish between these two predicted deformations. Hence 8%y, orbital. At 8,~0.4 ther[402]2 crosses the Fermi sur-

no paired proton crossing is observed and the theoretical ca)- . _ . 5
culations predict triaxial shapes with positiveit is con- a#ace whenN=24 and thus is emptied, the{407]3 has the

cluded that both'5?Dy(A) and the band if5Dy are asso- same behavior a=71. Therefore transferring particles out
ciated with the deformation parametefy~0.30 and y of these particular orbitals when they are close to the Fermi
~20°. ' surface produces a strongdriving effect.

The low deformation bands it®Dy were designated In the case of****Dy, the 1[402]3 orbital is again close
[11,12 as A, B, and C whereas the superdeformed bandsto the Fermi surface wheN=86,87 andB,~0.3. It is this
have been labeled SD1, SD2, etc. This latter method proerbital which is emptied ay increases from 0° to 20(Fig.
vides a better rapid recognition of the deformation of the7(a)]. Thus the majory-driving effect has the same origin in
bands. Thus we have relabeled the triaxially deforide8,  both the6316416p y and 15215Py nuclei. The lower quadru-
andC bands in*®®Dy as TD1, TD2, and TD3, and th&®Dy  pole deformation of*215Dy, relative to the lutetium bands,
band as TD1. This nomenclature is also consistent with thés due primarily to having onlyhy,,, proton orbitals occu-
TSD designation for the triaxial superdeformed bands impied, whereas a strongly quadrupole driving,, proton or-

163,164,16p ) [34,35). bital is also occupied in the lutetium nuclei wh&rhas in-
creased to 71. Thus the minimum in the PES changes from
B. Comparison with the triaxial SD bands in *63_u B>,=0.3 to B8,=0.4. The dysprosium nuclei could be classi-

fied as moderately deformed triaxial and the lutetium nuclei

as superdeformed triaxial, although it may have been better

if this description had been reserved for the very large defor-
ations with3, greater than 0.5.

A number of triaxial superdeformed bands have been o
served in the nucleit®316416py [34,35, and the transition
qguadrupole moments of the strongest of these bands w
determined to be=1leb, consistent with a deformation of
B>~0.4 andy~20°. Theoretical studies of the nuclear PES
of these lutetium nuclei with the Ultimate Cranker TRS code
shows that these bands are associated with a triaxial shape In the more axially deformed SD nuclei in the~150
(B~0.4 and andy~20°) which led them to be described as region the,7(?) moments of inertia are smoothly varying and

C. o band TD1
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quency it is very similar in magnitude to TD(and TD2 of
152Dy, Therefore it is concluded that only twigs, neutron
orbitals are occupied and also that the 67th proton does not
drive the nuclear shape to either greater or smaller deforma-
tion. The single-particle proton Routhians are shown in Fig.
. : : 6 for a deformation of3,=0.3 andy=18°. In the more
S A neutron rich isotopes of holmiuite.g., *>’"Ho) which have a

’ deformation of3,=0.2 andy=0°, the lowest energy band

has the odd proton in thgs23]% orbital and excited bands
: with protons in thg 404]% and[411]3 orbitals. However, at

a larger, with vy, the down-sloping 2, [541]5 orbital is

02 03 04 ﬁo.sM v 0.6 0.7 =0.5-0.6 MeV). This orbit crosses the[523]% at Ziw

@ (MeV) ~0.45 MeV which could cause the discontinuity G2 at
FIG. 6. Single-particle Routhians calculated for protons close tdhis point (Fig. 5, and may be the cause of the associated
the Fermi surface in®?Dy using a universal Woods-Saxon potential decay out of the band. Although the occupation of the down-

and the deformation parametgss=0.30, 84=—0.004,y=18.0°.  s|oping =[541]% orbital may increase the deformation
Solid lines represent orbitals withm(a)=(+,+/2); dotted lines . . . 1
those with r.a)=(+,—1/2): dot-dash lines those withm(a) slightly, it would not be as great as the adjacigg, [ 660] 5
=(—,+1/2); dashed lines those withr(a)=(—,— 1/2). orbital which drives the lutetium triaxial bands f§,=0.4

. . o _ with 7@ ~7512/MeV. As 72 for the ®Ho band is much
their magnitude and variation with frequency are charactefiower in magnitude it is concluded that th§ 660] % orbital
istic of the different highN orbital configurations. Thus . . . . ; .
these plots have been successfully used to assign Nhigh-Is not involved apd neither is the{ 523|; as no ewdenpe
configurations to excited bands in neighboring nuggs].  Wes fo_und for a signature partner for theHo band despite
The 7 of the TD1 triaxial bands in'>215Dy also vary & detailed search. o is triaxial wi
smoothly(Fig. 5), and they have different features and mag- 1 "US it is proposed that the band tHo is triaxial with

nitudes which are characteristic of the occupation of two andhe odd proton in th¢541]3 orbital. The band will haver

[4

(5411173 "~

Single—Proton Routhian (MeV)

threei 3, neutron orbitals, respectively. Therefore tH#&)  =-+3 and the alignment is expected to be about 2-3
plots of these bands if®Dy and!>®Dy are taken as refer- greater than thé>?Dy TD1 band. These conditions are sat-
ences for the number of occupiéeg, neutron orbitals. isfied by a spin assignment 6f ~— 3~ # to the 806-keV

The 7@ of the band in'*Ho is shown in Fig. 5. The transition in the’>*Ho band which gives an alignment gain
band is relatively short but over the observed region of fre-of ~2# relative to the'®Dy TD1 band(Fig. 8).

~ '\\{5:;2&2

=T e
T~ By

-~ T~

FIG. 7. Single-particle Routhians calculated
for neutrons close to the Fermi surface’itiDy.
(a) Shows the evolution of the neutron orbitals as
a function of quadrupole deformatiog4 and tri-
axiality, y). (b) Shows the effect of rotationd)
at a deformation of3,=0.30 andy=30°. Solid
lines represent orbitals withn(, ) = (+,+1/2);
dotted lines those withf,a)=(+,—1/2); dot-
dash lines those with#,a)=(—,+ 1/2); dashed
lines those with ¢r,a)=(—,—1/2).
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o5 f ably associated with a slightly higher quadrupole deforma-
» "DyspI tion in band TD2(due to the occupation of the down-sloping
201 e [541]3 orbital) causing the crossing to move to a lower fre-
f_vv"”"*"‘\ quency. The bump i7® atAw=0.36 MeV could be due
1571 o to the interaction between th&41]3 and the[ 523]3 proton

orbitals. The associated experimental alignment change of
3.5-44, Fig. 8, is consistent with the Zi5alignment for the

[541]% orbital (determined from thé**Ho band and the
negative alignment of~1# associated with the vacated

[532]% orbital. This leads to a probable alignment-e8.51
relative to the'>Dy TD1 band which is satisfied if the 581-
keV y ray in TD2 is a 17 — 15" transition.
2 02 03 02 05 o8 o This configuration and the associated spin assignment dif-
fers with that suggested in RdfL2], which erroneously as-
sumed that only oné; s, neutron orbital was occupied. As
FIG. 8. The experimental aligned angular momentum as a func'Ehe spin asslgnments suggested here drgater than that
tion of rotational frequency for the TD and TSD bands'iA'5by suggested in Rei@lZ], this means that the band has been
and5%Ho. Also shown is the alignment for the yrast SD band in mcor_rectly linked into the Ievgl spheme. \{\(e propose that t.he
152Dy, The Harris parametersi,=32.1 MeV %2 and 3, Previously proposed strong linking transition of 581 keV is
=34.0 MeV 344 were subtracted as a reference band. instead a member of the band, positioned as the final transi-
tion before de-excitation. The de-excitation of this band to
the single-particle states is most probably distributed over

10T

Aligned spin i_(7)
)]

o (MeV/)

D. 152y band TD2 several different decay paths.
The excited bands .in‘52E.)y have different behaviors of E. 152Dy band TD3
their 7 moments of inertia, Fig. 5. Band TD2 has a con- 5 s
stant.7@ betweertiw—0.45 and 0.62 MeV of G2/MeV, a The 7(? moment of inertia of>Dy band TD3 has a very

value very similar to the TD1 bands 2Dy and *Ho. This  different shape and magnitude compared*®y TD1 band,
indicates that the band has only iy, neutron orbitals ~Fi9- 5. However, it has similarities with band TD1 Ha‘?y
occupied. As the obvious neutron excitation is to the third?Vhich has three,, neutron orbitals occupied. The zigzag
i 14/, Orbital, it is concluded that the TD2 band is associatediScontinuity ati«=0.38 MeV in TD3 is associated with a
with a proton excitation. The most likely orbital to be occu- Small shift of 4.5 keV in the energy of the state which fol-

S 1 o . lows the 788-keVy ray. It is known experimentally that, at
pied is thew[54l]2.’ the same orbital involved in th&Ho this point, part of the intensity of the band de-excites into the
band(see the previous sectipn

single-particle states as the band is observed in coincidence
The proton hole must be in either th832]3 (a=+13) or  with y rays below the 17 isomer. Thus as thg® moment
the [402]% (a=—1) orbital. In the former case the band of inertia is very similar to that of thé*Dy band between
would have positive parity wite=0, an alignment~2%  frequencies of 0.4 and 0.6 MeV it is concluded that TD3 has
greater than thé>*Ho band, and it would interact witt?Dy ~ three i3, neutron orbitals occupied. Compared with
TD1 band when ther[541]% (a=+2 and w[532)% levels the Dy TD1 band the hole is in either one of the signature
cross at a frequency dfw=0.63 MeV, Fig. 6. However, Partners of thg532)3 orbital or the[400]; (a=+3) or-
this crossing must occur at a higher frequency than that predital. A complication in the former possibility is that the
dicted, otherwise th&*Dy TD1 band would show a strong frequency of the interaction between the= —3 signature
increase in7® at4w=0.63 MeV. Also as band TD2 ap- components of thE532]% and[530]% orbitals varies rapidly
proaches this crossing th&®? moment of inertia would de- with small changes of deformation. If the hole is in the
crease if the hole was in the[532]3 orbital whereas experi- [532]2 (a=—1) orbital then it is expected that th&® of
mentally 7 shows a small sharp increase. Thus it isTD3 would follow closely that of thé53Dy band at all fre-
concluded that band TD2 is not associated with[&32]3 quencies. However, it deviates strongly at high frequencies.

hole. The proton hole must therefore be in f#©2] or-  If the hole is in thev[532]3 (a=—3) orbital then the7 )

bital, giving the band negative parity are=+1, with an  ©f TD3 would closely match that of th&*Dy band except
alignment slightly greater than the bandfiHo. possibly at lower frequencies where the interaction with the

There is no obvious explanation for the small, sharp in-»[530]3 could occur thus leading to an increase Jf?).

crease in7® at high frequency as a proton effect. If it were However, again there is no explanation for the decrease in
associated with neutrons it could be due to the interaction of7/(?) at the high frequencies.

the »[400]% orbital with the thirdi s, [651]% orbital. The At a deformation of$,~0.30 andy~20° the crossing
reason this upturn it7® is not seen int>Dy TD1 is prob-  between the strongly up-sloping 400]% and the strongly
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down-sloping »[651]% orbitals occurs at a frequency of superdeformed triaxial bands #*Er and *%31%4%py and it

fw=0.6 MeV, although the exact position of the crossingiS Proposed that it is also a superdeformed triaxial band.
changes rapidly with small changesf, Fig. 7. Indeed, as Accordingly it has been relabeled as TSD1'ifDy.

no |arge increase |U](2) is observed |n152Dy band TD1 up The slow decrease QT(Z) abovehw=0.65in TSD1 is a

to Aw=0.7 MeV, it is concluded that this crossing must Unique observation. It probably does not have the same ori-
occur at a frequency greater than 0.7 MeV. If the hole is ingin as the decrease ¢f® in band TD3, which has been

the 1[400]% (a=+1) orbital, then the7® should match linked to the crossing of th§651]3 and [400]; neutron
that of the'>*Dy band, except possibly at the highest fre- Orbitals, as at the higher deformation @f=0.36 this cross-
quencies where the first indication of the crossing betweeild has moved to a much lower frequency and, indeed, could

. . . 2) _ -
the ¥[400]% and ther[651]2 could occur. This would result Ee rr]e_ls:g%nlslblzf%r trt1)e 'gﬁ[{?%sef{ at fi'ak)_IOA l}/lev n
in a small reduction of7*) compared to thé*Dy band and ot and the ban r. Amore likely explanation

this feature is observed experimentally. The crossing band ifé)r the decrease ig"™" at high frequency is the approach of

the 152Dy TD1 which has the/[400]% orbital occupied and € €rossing of the filled660]; (a=-+3) with the empty
thus the slow increase {ff® of TD1 at the high frequencies [402]3 proton orbitals. This band TSD1 is most probably
could also be due to the first indication that this crossing idased on a3, proton excitation excitation from band TD3
being approached. (which has 3,3, neutron$ giving an additional proton align-
I_n conclu3|05n, it is consujered that t_he da_ta are be.st ©Xment of ~4—5#, plus the[541] proton excitation observed
plained by the'*Dy TD3 having the configuration involving in band TD2 which provides an additional alignment gain of
the excitation of a neutron from thjel00]; orbital to the <2 5. The resulting total alignment gain 6f74 relative to
[651]2 orbital. The alignment of TD3 is very similar to band TD3 indicates a spin assignment of 329  for the
the 1Dy band, and thus it is suggested that the 683-keV 793-keV transition which yields the alignment plot shown in
ray is a 18 — 16" transition, which produces the alignments Fig. 8. Relative to*>*Dy band TD1 the proton configuration

shown in Fig. 8. is probably[402]3 2 [541]1[660]% and the neutron con-

This explanation differs from that suggested previously, in_. , 1-1 3 . . .
that threevi 5, Orbitals are occupied, as opposed to the Onélguratlon[400]§ [651]7 producing a band with negative

suggested in Ref12]. As the spin assignments proposed inParity anda=+1. One difference in the features of TSD1
this paper are # higher than that suggested previoul]  in '*Dy is that it is observed up tho=0.8 MeV compared
this means that the band has been incorrectly linked into th#ith #©=0.65 MeV in **Er and under 0.6 MeV
level scheme off5?Dy. The previously proposed 690- and in *°*%*1%by [34,35. TRS calculations for this configura-
526-keV linking transitions must link into the decay schemetion [Fig. 3(c)] indicate a minimum in the PES at a deforma-
in a different way. tion of B,~0.36 andy~20° that is only present at high
spin, in agreement with the experimental data.

F. 1Dy band TSD1 This interpretation provides an explanation for this band

that was lacking in Ref[36], and modifies the band head

Dagnalet al. [36] reported the observation of six collec-
g [36] rep el @ spins, lowering them by 7.

tive bands which decayed through the*1iomer in'>2Dy.
Five of these bands ha@® moments of inertia with a mag-
nitude greater than 8%/ MeV at high frequencies and thus V. CONCLUSIONS

were clearly associated with superdeformed stat8s (|4 conclusion, a new rotational band has been observed in
~0.6). The other bandlabeled SD3 had 7 below '

5 . \ 1530 that exhibits characteristics similar to bands observed
201 TMeV and ey cou o defel 5561 e bad (4 Sy 1 aciion, et hand n Dy s been o
f — . S . . tended to higher spins. These bands are discussed in terms of
ormed high-N configuration in a neighboring nucleus. The . . .
7@ of this band(Fig. 5) is also much larger than the pro- the crank_ed sh_eII modeI,. and resulted in a remterpretauon.of
posed triaxial bands itP>15Dy. However, as it lies between tg(ZaDconflguratlon.f, previously proposed for the bands in
75 and 78i%MeV in the frequency rangefw y. On the ba3|s_ of the theoretical calculatlon§ coupled to
=0.45-0.65 MeV, it has a similar magnitude to the mo-the absence expenme_ntally of h@,z proton crossing, these
ments of inertia of the superdeformed triaxial bands inP@nds have been assigned as triaxially deformed and in the
163.164.16p |, [34,35). Recently a new SD band with&? of ~ case of one band itPDy as triaxially superdeformed. The
over 80%2/MeV has been reported by Lagergrenal.[37] ~ Similarity with the triaxial superdeformed bands in the lute-
in 15%r, and they propose that the original SD band, whichtium isotopes and in>*Er is discussed. Proposals have been
has a lower7® of ~76#%/MeV, is a superdeformed tri- mMade for the configuration of the bands relative to the TD1
axial band similar to those in the lutetium isotopes. TH®  band in Dy, this has led to tentative spin assignments. In
of this TSD band in*>*Er is constant betweehw=0.45 and order to confirm these assignments for the excited bands in
0.6 MeV, it has a discontinuity atw=0.65, and a steady **Dy and ***Ho, a large data set is required to observe the
increase of7(®) below% w=0.45 MeV. Thus SD3int°Dy linking transitions between these bands and the single-
exhibits the magnitude af?) which is characteristic of the particle states.
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