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Self-consistent description of dysprosium isotopes in the doubly midshell region
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Ground-state deformations, binding energies, and potential energy surfaces have been calculated for even-
even dysprosium isotopes betweEiDy and ¥Dy in the framework of density-dependent Hartree-Fock
calculations with BCS pairing correlations. Further deformed Hartree-Fock with angular-momentum projection
and band-mixing calculations explore the yrast spectra of the nuclides approaching the neutron midshell.
Predictions of highK states in the doubly midshell nucleé@Dylm are made.
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I. INTRODUCTION Other recent theoretical work on the excitation spectrum

17! i i i - -
The magic numbers 2, 8, 20, 28, 50, 82, and 126 arof Dy includes tilted axis cranked Hartree-Fock

indi t the shell f loi. If | h eBoguIiubov(HFB) calculations[4] which predicted a con-
n |c.at0rs of the s € structure of nuclel. If a nuc eus has ?stancy of the quadrupole and triaxial deformations from the
magic number of either protons or neutrons then discontinui: round state up to approximately spin#20A systematic

ties will be observed in two-particle separation energies aky,dy usingc- andz-axis cranked HFB ofé*1"Dy by Yadav
such systems. When bot and Z correspond to a magic et gJ. [5] predicts the maximum deformation in Dy isotopes

number, the nucleus is deemed todmbly magic to occur atN=100(1%®Dy) and shows a slow change fhand
By analogy, one can conceive of doubly midshell nuclei,, deformation as spin increases.
which is to say those in whicN andZ lie exactly halfway In this paper we build upon our previous studj8s4] by

between consecutive magic numbers. While one might nag¢xploring isotopes in the region ot’®y using self-
expect to see a discontinuity in observables across this mictonsistent approaches. In Sec. Il, results and discussion of
shell point, it has been demonstrated that the product of prcskyrme¢HF) Hartree-Fock calculations of ground-state
ton and neutron valence particles or holésN, outside  properties of dysprosium isotopes froks 160 toA=180 are
closed shells correlates monotonically with various collecfresented. Section Il details the formalism of the projected
tive properties of nuclei, such as the energy of the fifst 2 HF calculations, the results of which are presented and dis-
excited state in even-even nuclei, the energy ratio of the firsgussed in Sec. IV. We summarize the work in Sec. V.
4* to the first Z state and th&(E2:0; —27) [1]. On the other
hand, saturation oB(E2) values is known to occur with
slightly fewer particles than at the midshell for rare-earth
nuclei[2], due to microscopic effects beyond the remit of the  Using a variety of Skyrme parametrizations, HF calcula-
NpN, scheme. tions of dysprosium isotopes betwe®i94 and N=114

In our recent Brief Reporf3] calculations were made of have been performed. The parametrizations chosen were Sl
the properties of the doubly midshell nucl%@?Dym using  [6], SkM" [7], SklI4 [8] and SLy4[9]. Slll has proved ca-
the total Routhian surface(TRS) and configuration- pable of describing nuclei in a wide range of the nuclear
constrained potential energy surfa@@ES methods. Based chart[10]. In common with other early Skyrme parametriza-
on NN, systematics, it was suggested th&Dy should be tions, Slll was fitted to the properties of spherical, doubly
amongst the most quadrupole collective of nuclei with re-magic nuclei. SkM is a modification of a previous force,
spect to the ground state configuration, since it maximize$SkM [11], modified to account for the fission barrierdtPu.
N,N,=16x22=352 for all nuclei below the doubly-magic Skl4 adds an extréisospir) degree of freedom to the spin-
208pp. The results of the PES calculations in R8f.suggest  orbit functional to improve the quality of reproduction of
that "Dy is well deformed in its ground state witB, isotope shifts and as such is also a suitable choice for study-
=0.29 andy=0° with a very stiff potential in botl3 andy  ing isotopic trends. The most recent Skyrme parametrization
degrees of freedom. The TRS results which used a crankagsed here is SLy4, which was fitted to the equation of state
nonaxially deformed Woods Saxon mean field showed af pure neutron matter as well as doubly magic nuclei, and
marked constancy in the deformation up to rotational fre-therefore represents a good candidate for calculation of neu-
quencies of at leasb=0.3 MeV /. The simultaneous align- tron rich systems. The present calculations assumed axial
ment of both protons and neutrons was predicted to occusymmetry with and without a constraint on the expectation
starting athiw=0.35 MeV , corresponding th,~14h. The value of the quadrupole moment, which allows us to view
deep axially symmetric minimum also led to the suggestiorthe potential energy surface as a functionggf or alterna-
that theK™=6" two-quasineutron isomer iH°Dy could have tively allows the local minimum to be found. A unified pair-
a lifetime of the order of hours. ing prescription was used for each interaction consisting of a

II. SKYRME HARTREE-FOCK CALCULATIONS
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o ) FIG. 2. Static quadrupole deformatidg,), deformation energy
FIG. 1. Binding energy per nucleon and two-neutron separatioyng gplate-prolate energy difference in dysprosium isotopes. The
energy in dysprosium isotopes. The vertical dashed lin@=it70  yertical dashed line aé=170 indicates théN=104 midshell line.

indicates theN=104 midshell line. Experimental data are from Tpq apparent anomaly &t=180 for Ski4 is due to a double mini-
Refs.[15] (A=160-166 and[34] (A=168. mum structure appearing in the PES.

truncated space delta interaction in the BCS approximation.
The results of the pairing calculations were also checkeénd SLy4 or 68Dy (SkM" and Slll). The maximum defor-
using a density-dependent interaction, which has been pranation energy occurs it®Dy (Skl4 and SlI) or YDy
posed particularly for use in very neutron rich nugle2,13.  (SkM" and SLy4. The difference in energy between the ob-
The results for each of the Skyrme parametrizations wergate and the prolate minima is largest in eitd&Dy (Skl4
broadly similar. The binding energy results can be seen imnd SLy4 or 18Dy (SkM" and SllI). The reliability of the
Fig. 1. The upper panel shows the absolute binding energghosen Skyrme parametrizations is confirmed by the excel-
per nucleon, while the lower panel shows the two-neutrorient agreement between calculated and experimentally de-
separation energies. The binding energies are seen to be vaiyed 3, values[14].
slightly (<0.75% lower than experimental values, and the  The different Skyrme forces show only minor differences
observed two-neutron separation energies are closely bracknd one can conclude that, as expected, the even-even dys-
eted by the different Skyrme parametrizations. prosium isotopes betweef=160 andA=180 are all well
Of specific interest in the context of collective behaviour deformed withs, between 0.24 and 0.36. The largest defor-
and the potential for long-live{ isomers is the prediction of mation is reached just before the midshell point, in agree-
axially symmetric quadrupole deformations of isotopes ofment with recent calculatiori8,15 and consistent with the
dysprosium in the vicinity of"®Dy. The upper panel of Fig.
2 shows the ground-state deformation predicted by the vari- 1 5 £ | Experimental first 2 state and adopteg, values.

ous forces, which are also tabulated in Table I. The centrgh.q its are taken from RelfL4], except for's®Dy, whose first 2+
panel shows the energy difference between the local oblat@nEIrgy is taken from Ref16]. Theoretical ground-statg, defor-

minimum and the global prolate minimum. The lower panelmations are from the Skyrme-HF and projected HF calculations.
shows the deformation energy, which is the increase in bindyaximum deformation is indicated by the underlined numbers.

ing of the true deformed ground state compared to a con
strained spherical solution. It should be pointed out that these Ex B B2 Skyrme forces B>

calculations do not include the possibility of triaxi@gl) de- keV  Expt Sl SKM Sk14 SLy4 PHF
formation, so what appears as an oblate minimum in these
axially deformed calculations is actually a saddle point.160 86.79 0.339 0330 0338 0336 0336 0.245
Since the nuclei neat’Dy are expected to be softer ip 162 80.66 0.343 0.340 0.347 0342 0.344 0.254
than in 3 [3], effects such as shape coexistence and the ex64 73.39 0.348 0.348 0.350  0.349 0.350 0.260

tent to which the deformation energy is a measure of thd66 76.58 0351 0350 0.357 0.354 0.267
robustness of the prolate deformation are not possible to d€68 74.96 0.358  0.351 0.351  0.3520.270
termine from an axially deformed calculation alone. How-170 0.340 0.342 0.339 0.345 0.268
ever, as one follows the decreasing of the oblate-prolate eri-72 0.324  0.340 0.329 0.332
ergy difference and the deformation energy with increasing74 0.313 0.329 0.317 0.316
A, one can attempt to predict wheghsoftness will become 176 0.297 0.312 0.305 0.302
an important effect. 178 0283 0.294  0.297 0.288

All the forces show the same general behavior, with the;gg 0.259 0.269 0.351 0.337

maximum quadrupole deformation occurring*fiDy (Ski4
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experimental finding oB(E2) saturation aroundN=102 for PROTONS NEUTRONS

lower-Z nuclei [16]. The stiffness of the potential well, as 2= T2 s,

measured by the deformation energy reinforces the results o v e 2 1r Lm; -1.6

the TRS calculation§3] which suggest a stable deformation =12%5, e Y

up to rather high spin. Ll S —T 1 P =tr———1s
Pairing can play an important role in determining defor- E 12~ =310, L o4 {58

mation, acting as it does towards sphericity. In the case of thez N ] ""””_,7;_77’/:

nuclei in the present study, increasing the pairing strengthg » %1’2‘ =102=_ 5+

within reasonable limits has little effect upon the deforma- =32 L | 06

tion. The stability of the results was tested against a large -109 | ; T

(40%) increase in the pairing strengths ifDy with Ski4 =128 o

and found a very smal~1%) effect on the deformation. In e L V=" a6

addition, the density-dependent delta pairing interaction ' 25, 65 25 6.5 '

[10,12 was used with the Skl4 force to check that the results _ _ )

were not strongly dependent on the assumed form of the FIG. 3. The prolate Hartree-Fock smgle-p_)artlcle orbits for pro-
pairing interaction or the details of its strength within reason-ons and neutrons are shown fiDy. The time reversed()

able limits. It was found that the predictions for the greatesPPits are doubly degenerate. The solid and dashed lines correspond
deformation, deformation energy and oblate-prolate differi© the positive and negative parity orbits, respectively. The asterisks
ence and the qualitative isotopic trends were unchanged tg}ude the eye to the Fermi surface which lies amidst Kgbrbits.

the change in pairing interaction. The resulting HF orbits are doubly degenerate and are

labeled by the®) quantum number, the sum of which for the
occupied unpaired orbits gives tievalue. Since the Fermi
surface is surrounded by lardge-orbits for the nuclides un-

To complement the Skyrme HF calculations of the groundder study(see Fig. 3 for the HF orbits fot’Dy), highK
states, calculations using HF plus angular-momentum projedsand structures built upon these single-particle states are
tion (AMP) were performed using a residual interaction tolikely to be observed. The HF field for these highbands
examine excited states. In performing a deformed Hartreefwith many large€) excitation$ does not possess time rever-
Fock calculation as a prelude to a shell-model-like mixing ofsal symmetry[20].
configurations, a substantial part of the residual interaction The HF orbits form a deformed-shell-model basis for the
among nucleons in shell-model orbits is included in the denuclei under consideration, and they contain information
formed field and one needs only a few particle-hole configuabout the nuclear structure dynamics and its variation with
rations to obtain an adequate description of the low-energyespect to angular momentum and other important param-

IIl. DEFORMED HARTEE-FOCK CALCULATION AND
ANGULAR-MOMENTUM PROJECTION

properties of nuclei. eters needed for the study of the collective states of the
The axially deformed HF states are expanded in sphericalucleus. Essentially each HF configuration shows the intrin-
basis states sic distribution of the valence nucleons in the deformed-
. shell-model orbits. For example, the HF configurations

|am) = EJ: Cirlim). (1) shown in Fig. 3 correspond to the ground-state intrinsic con-

figuration in1"®y. For excited states the intrinsic distribu-

The mixing amplitudes of the spherical states form thetion changes and this is taken into account by considering
variational parameters that are solved for in the HF equationgarious HF configurationésee Table Il) for the study of the
by iteration, starting with an appropriate intrinsic state. Wheryrast and yrare spectra. By appropriate nucleon excitations,
a converged solution is obtained, one has the mixing amplithe rotation-alignedRAL) K=1 structure and the higK-
tudes for the deformed orbits of protons and neutrons, Honfigurations are selected for angular-momentum projec-
single-particle energies, and the density mapixVarious tion.
guantities, such as the HF energy, multipole moments, etc., In contrast to the large numbé=100 of configurations
are obtained using the density matrix and the HF singleneeded in the projected shell modefl] for understanding
particle energie$l7]. the yrast spectra, it is found that angular-momentum projec-

Prolate HF calculations for the valence nucleons lyingtion from a few low-lying HF configurations gives a reason-
outside the'®?Sn core were performed for the even-evenable description of the yrast structure. This is due to the fact
160-17py jsotopes using the surface-delta residual interactiorthat the residual interaction has been used in the solution of
[18,19 (with strength 0.3 MeV formp-p, p-n, andn-n inter-  the HF equations, so that the HF single-particle states and the
actiong within a model space of one major shell each forvarious multiparticle configurations built from them are al-
protons and neutrons. Spherical Nilsson basis states weready closer to the final answer that comes from a full solu-
used. The 8, 2d3/, 2ds/5, 1972 1hg, and by, proton  tion of the many-body Schrodinger equati¢®?]. In fact
basis states have energies 3.863 84, 3.562 74, 1.304 6BMP from a singleK configuration reproduces the energy
0.602 13, 7.184 59, and 2.216 86 MeV, and thg,3 3p;,,  features of the low-lying yrast states with good accur@ee
2fsp 2f72, 1ngp, and 1,5, Neutron basis states have energiesFig. 4 for 169-16py). The current work specifically concen-
4.230 14, 2.84916, 3.31219, 0.08990, 0.923 36, andrates on low-lying excitations which give rise to highand
1.714 93 MeV, respectively. low-K (RAL) configurations int’®Dy.
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TABLE II. The values of the quadrupolg2=(r?Y,y(#))] and

T T T T T
—117.36 | w—aK=C+ PHF 4 [ #—a K=0+ (g-oand) 4 -158.11

e hexadecapold Q4=(r*Y,q(6))] moments obtained for prolate HF
~11936 S ooy ] ground states in even-evéf*-1"Dy are given in units of the har-
~ ~121.36 ﬂ:m 2c:)o 36:10 4[:, 1(:,0 2(:)0 3(:)0 4(; -162.1_1 monic oscillator length parametds(=0.9aY3+0.7 fm).
g -103.09 :'——:EﬂrPHF ......... ° o n:a::mPHF b —145% -
FEE ¥ 1107 l.ass  Nuclei K7 Q Q2 B2 Qs Q4
2 - . 162Dy . . 168Dy g Protons  Neutrons Protons  Neutrons
~1o709 0 100200 300 400 O___100 200 300 400 -1 in b? in b2 in b* in b*
-88.668 | ::::TPHF ______ - 3 [ B—aK=0+ PHF 4 -131.13
ooces | ° - o 1 1 isa1s 160Dy 0" 13.839 18.4034 0.245 9.252 38.392
e 1500y 166 Dy Dy 0" 13.866 20.4676 0.254 9.419  50.806
92868 TE00 200 300 400 0 100 200 300 400 m13sas %4y 0t  13.84 21.974 0.260 9.318 48.020
Sl i 6Dy 0" 13.941 23578 0267 8.789  28.570

FIG. 4. The PHF results for the ground-state configuratign °Dy 0" 13.955  24.193 0.270  8.456 9.779
=0+) are compared with available experimental dat3,16 for the 'y 0" 13.968 23.660 0.268 8.128  -10.849
even-even -1y,

Each HF configuratiofd) is a superposition of states of

[ [
good angular momentum. These states of gbade pro- E(HK’K BN )by =0. )
jected out by means of the projection operda]
21+1 . Here HL, and NL, are the Hamiltonian and amplitude
IM _ | KK KK
Py’ = 872 dQDyy () R(€D). @ overlaps. Theb parameters are the orthonormalized am-
plitudes:

The Hamiltonian overlap is given by

21+ 1 M= bt (6)

H M) = 27 | do sin i (0 -
KlKl K K2
6J
X<¢K2|He el ¢K1> S With these orthonormalized states, the matrix elements of

. | IK various tensor operators can be calculated. The mixing of
with Ny =(P|P| D).

L K intrinsic structures can be inferred from the orthonor-
Importantly, the angular momentum projection operatonyjized wave functions which are discussed in the follow-
(2) restores rotational invariance and the higrstructures ing sections.
are described without any preference being given to the ori-
entation of the rotation axis. Projected KFHF) calculations
have been shown to give a good understanding of the yrast
structure and signature effects in nudi2#4—3Q.

The energyE2 andM1 operators, and angular momentum
. > 7 - H 160-17
carried by the nucleond=(J.,,c*+Jra) can be evaluated us- A. Ground state properties of by
ing the following equation: Prolate deformed HF calculations were performed for

160-17Qy. The prolate HF orbits fot’Dy are shown in Fig.
3. The quadrupole and hexadecapole moments for the prolate

IV. NEAR YRAST STRUCTURE OF "y FROM PHF
CALCULATIONS

_(2,+ 1)(2| +1)12

<\P:<11||Tx”q’|*<zz> 2(Nl )2 E Ckzlxvllv Kq solutions are shown for all the nuclei in Table Il. For com-
: Kl K 2 parison with other calculations, the ground-stéjeleforma-
E tions have been extracted and are listed in Table I. Amongst
X fo do sin ¢, _,x,(0) the calculated isotopes®®y was predicted to have the

_ maximum B, deformation. This is in qualitative agreement
><<<I>K1|Tﬁe"GJV\<IJK2>, (4)  with the results of Sec. Il, and with previous calculations
[3,5,3] showing that this projected HF approach gives rea-
whereT" is the electromagnetic tensor operator. More de-sonable single-particle structure, which is the main determi-

tails of the formalism can be found in Ref®4,25,2§. nant of deformation in a mean-field picture. As such it pro-
The statesV'™™ and W'2M, with definite angular momenta vides a good starting point for the study of excited states in a
I, andl, projected from various intrinsic statdz;< and®d, , fully self-consistent framework. AMP from the ground-state

are in general not orthogonal to each other even thabigh  HF configurations for thé®%-6Py nuclei gives a reasonable
and ®,_ are orthogonal before angular-momentum projec+eproduction of the low-lying yrast statésee Fig. 4. The

tion. However, if the Hamiltonian is diagonalized in the sub-size and variation in the neutron hexadecapole deformation
space generated from the projected states, then the resultiage noticeable in the isotopic chain. It decreases and becomes
eigenstates are orthogonal. One obtains negative with increasing neutron numiég,33.
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TABLE lII. Details of the different intrinsic configurations ob- 1505 F ko ' ' ' ' '
tained by excitations of protons and neutrons overff®y HF |~ Ke§'(G272), i
ground state shown in Fig. 3. The yrast and yrare states are obtaine M e ety
by mixing these configurations. The positive and negative numbers & - AR (712°9/2)), p
given as superscripts of the HF orbjt®., (2)"] represent the num- = 1545 _t._:Ez;‘((__55//22’77//22’)12_7/2‘9/2‘)n J
ber of particles and holes, respectively. 2 ®—@Yrasteven |
5
K™ (P) (N) I.%
o* (ig—)—z,(i%—)z -158.5 | 1
o* (i%+)_2,(i%+)2,
0 )
0* Etg;_zgié;; -162.5% 4 s 12 16 20 24 28
+5) °(+5 I[A]
+ 5—\—2 7-\2 5—\~ 7-\2
O+ (ig_)_z’(ig_)z (ig+)_z(ig+)2 FIG. 5. The PHF results for the low-lying positive parity con-
0 (*3)7(=5) (+3) (=3 figurations in'’Dy. The yrast states coming from band mixing are
1 (%+)_1,(%+)1 also shown. The) values of the unpaired proton/neutrons consti-
1* (g‘)‘ly(%‘)l tuting differentK structures are shown against each band.
+ -\-1 /7-\1
1+ (5%-)-1’(7%-)1 troscopy in general and excitation energies of the Hgh-
2 (z ) ‘(z ), structures in particular. This is one way of accounting for
72, pairing in the HF formalism, preserving the particle number.
2" &) @) ) Itis illuminating to examine the behavior of these various
2" @) E) ) bands before the mixing takes place to get an idea of com-
6 (_5_)_1(2_)1 petition betweer) ;tructgres and _to more fully appreciate the
N NP 2/ 2 effects of the mixing. Sincé’Dy is well deformed and the
6 (‘é ) (i ) unique parity highf orbits, such asrh;;, and i3, are ap-
8 -2 () proximately half filled, one may be able to see competition
12* =) (@) =)*@) between these single-particle orbits to dominate the yrast
14 (_g-)-l(%-)l(_%+)-l(g+)l structure.'Tha-rhll,z shell_|s exactly half filled with the pro-
14+ (_g—)—l (%—)l (_;)-1 (%+)1 ton Fermi surface lying in between the 5/and 7/2 sub-

states. The neutron Fermi surface is in betw8eti7/2" and
9/2" substates of the s, shell which is slightly more than
half filled. Both protons and neutrons can undergo Coriolis
mixing and so compete in rotational alignment to cause back

Since the whyy, and vi3, orbits are half filled in  bending. One-proton excitation from 5/8 7/2 gives rise
16817y, these nuclei are found to be well deformed andto aK=1%, (7rh,;,,)? rotation-aligned configuration. Similarly,
hence rich rotational band structures are expected. a one-neutrorp-h excitation from 7/2 to 9/2" state gives

To find the relative importance of differei-intrinsic  rise to the K=1*, (vi;3,)? rotation-aligned configuration.
structures, band-mixing calculations were performed among@ngular-momentum projection from these intrinsic struc-
19 bands, including th&=0* ground band. The intrinsic tures gives the correspondirsgoands which are easily dis-
configurations for the bands were obtained by particle-holeinguished by their energy staggering between odd and even
excitations from the HF ground state. These configurationsspins. These bands along with rotational band structures ob-
listed in Table IIl, can be classified into three typ@glLow-  tained by AMP from the set of low-lying HF configurations
K RAL, (ii) highK deformation alignedDAL) and (iii) K  (listed in Table Il) are shown in Fig. 5. From the PHF cal-
=0, 2p-2h pairing type excitations. For example, consideringculations, it is found that bothrh,;,, and vi;3, RAL bands
the states either side of the neutron Fermi suri@ee Fig. simultaneously compete with th€"=0" ground band. These
3), one could havei) excitation of a neutron from 7/20  RAL bands appear to cross tie=0 ground state at around
9/2* giving rise to aK=1* RAL structure,(ii) excitation of 1=147% and another band crossing is found at around
neutron from -5/2 to 7/2 giving a highK=6" state, and =22# when theK=2" intrinsic structure with the joint align-
finally (iii) promotion of a pair of neutrons from +5/20  ment of thewh, 4, andvi, 5, apparently becomes yrast. In the
+7/2 state giving rise to &™=0" configuration. Particle- PHF calculation thé<=6" and K=14" bandheads appear to
hole excitations of the above typés ii, and iii) involving  be yrast al=6 andl=14 , respectively. However, after band
the i3, and whyy), single-particle states and their linear mixing, these structures are pushed up in energy and domi-
combinations lead to 18 configuratio(sx configurations of  nate the yrare structure. The details of the higbhand struc-
each type& These were mixed with the ground-state configu-tures are discussed in the following section. The yrast and
ration to obtain the yrast and yrare states. MixingkafO  yrare states obtained after band mixing are shown in Fig. 6.
configurations involving @-2h pairing-type excitations is Figure 7 shows the&K distribution in the yrast even-spin
found to be important in understanding the high spin specstates. The band-mixing results indicate that there is indeed a

B. Band crossings in'’®y and band mixing
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‘ 1 TABLE IV. The proton(P) and neutron(N) intrinsic configura-
e—e yrasteven | A tions for possible highk states in'’®Dy as predicted from PHF and
e 1% @xcited even | 75 band mixi lculati
1545 | = o 2™ excited oven | | and mixing calculations.
& —o yrast odd | 7«
- ==~ 1” excited odd | e K™ (P) (N) E
E & 2™ excited odd | A ,/ PHF Band mixing
E MeV
2 1585 | 4 5-7—
S S _ 7o 6+ 33 0.559 0.857
\ W % 577~
fm"";:, ;E‘/ Dy 6 §+§ . 1.881 2.244
\ e 3+7- 5-9
=N 66 12* 31 X 2.454
¥ 12t 571" 577 2.412 2.743
e ‘ ‘ ‘ 22 22
~t625 ¢ s " v 14 s 2.524 2.817
| + 577~ 7t9+t
[h] 1{ 57 §+§_ 3.623 3.992
FIG. 6. The yrast and yrare energy spectra obtained after band 7 % % 1.361
mixing are shown. s 5y 1.437
) 5 %+%_ 1.159
crossing at arount=14 7 where theK=0 ground-state com- ;- 3+7- 5-7- 1.620
ponent of the wave function almost vanishes. The contribu- 1 2,2 22 1.952
tion from otherK=0 componentgarising from pair excita- B §+§_ g+§+ '
tions) at the band crossing is nonvanishing. At, and beyond 14 5 53 3.393

=144, the K=1 components of both proton and neutron
aligned intrinsic structures dominate, with thg,, neutron . . ) .
component |arger than tHﬂal/Z proton. The total lowK (K rations not in the space, but which look more like the fU”y
=1,2) components dominate the yrast structure above crosfairedK=0 ground state than other available configurations.
ing. This total lowK component is itself dominated by the There is negligible contribution from the hidk-configura-
two K=1 RAL configurations discussed above, with contri- tions in the yrast structure.

butions from theK=2 stategnot separately showmiving a It is noted that the gradual and simultaneous increase of
much smaller contribution than thé=1 structures. The PHF the proton and neutron RAL configurations in the yrast states
band crossing arount=224 is therefore suppressed in the is consistent with the previously presented calculatif8]s
band-mixing calculation. At higher spin, the “ground-state” Using a TRS(cranked shell-modglapproach, lending cre-
band appears to regain a large part of the amplitude. This idence to both approaches.

presumably due to an increase in the amplitude of configu-

C. High-K structures in "Dy

10

Since both proton and neutron Fermi surfaces are sur-
rounded by relatively higlf orbits one expects several
highK states with different intrinsic structures. Only a few
low-lying highK structures, predicted to compete energeti-
cally with the yrast states, are concentrated on here. It is
found that in PHF calculations the excitation energies of the
highK structures are often underestimated as pairing-type
excitations are not explicitly included. It is observed that
mixing of variousK=0* configurations obtained by pairing-
type excitationgi.e., 20-2h, 4p-4h) leads to a better estimate
of the excitation energies. The intrinsic structures and the
excitation energies of possible low-lying, highstates are
given in Table IV. A neutron excitatioffrom -=5/2 to 7/2)
across the Fermi surface gives the lowiést6" structure at
an excitation of about 0.85 MeV. The other possiKle6*
structure has two unpaired protons in t&=5/2" and 7/2
orbits, respectively. This one was predicted to lie high in

FIG. 7. TheK content of the evelh yrast states is shown. The €XCitation energy and have smativo percenf admixture
competition between different low- structures is evident. The With the K=6" neutron excitation. The rotational band based
ground-state(K=0) components almost vanish at band crossing.0n the two-neutrork=6" state should be favored. The cal-
However the contribution of the othét=0 components obtained culations predict four high«(=10) states with different in-
from pairing type excitations are nonzero. The neutron rotatiortfinsic structures which appear on and around the band cross-
aligned(n-RAL) structure dominates over the proton aligned struc-ing (I=14). Two K=12" intrinsic structures are found at
ture near crossing =14). approximately the same excitation energy-2.5 MeV).

—1

®)

*—=e K=0(g.5)
oty K= (N= RAL)

& - -0K=1 (p- RAL)

+— —+ K=0 (pair exc.}

G- - B Low K=1,2 {Total RAL)

10” L

20 30

1]
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There are twoK=14" states, both of which have a four- first excited states are based oKa6" intrinsic structure up
guasiparticle nature: one with a four unpaired-neutf#t2”,  to spinl=14. Above this, the states of the=14" band be-
712,712, 9/2% structure and the other with two unpaired come energetically favored over tie=6* band.
protons(5/27,7/2°) and two unpaired neutrong/2",9/2").
The firstK=14" state with a calculated bandhead energy of
2.8 MeV is predicted to be energetically favored compared
to the secondK=14" structure which is calculated to lie Fully self-consistent calculations have been performed for
~1.2 MeV higher in excitation energy. Band-mixing calcu- isotopes of dysprosium around the region of the midshell. It
lations indicate that these structures mix very little with eachis found that different forces and parametrizations used in
other or with other lowK intrinsic structures, reflecting the HF+BCS calculations for ground-state properties give quali-
robustness of th& quantum number, at least amongst high-tatively similar results, with indicators of collectivity gener-

K states, in this axially symmetric nucleus. Observation ofally peaking forN<104. There is some spread in results,
these highk isomeric states is awaited. though the results of the different Skyrme parametrizations

While this study has concentrated on positive parity ex-are generally close to experiment, where data are available.
cited states, negative parity states should also exiS®®y.  The ground states of the projected HF calculations are in
Several single-particle orbits near the Fermi surface have ofsroad agreement with the no-core Skyrme mean-field calcu-
posite parity. For example, the 7/2eutron state is below lations and with other studies, supporting the approach that
the Fermi surface while the 772rbit is just above. Hence the PHF ground state provides a good starting point for cal-
the excitation of a neutron between these two orbits givesulations of excited state spectra.
rise to the lowesK”=7" configuration, at about 1.3 MeV. The PHF calculations followed by band mixing predict
Several such relatively higK- two-quasiparticle negative the existence of several structures, including some Kigh-
parity configurations are also possible. ImportantlK=a0~ states. The band mixing tends to push these states up in
structure with a =7/2 7/2 character is found at about energy, to more physically consistent values, compared to the
1.5 MeV and shows energy staggering. The lowest fourPHF calculation alone. ThK™=6" and K™=14" states both
quasiparticle negative parity configuration H&s11 with a  show very little mixing with otheK states, suggesting thist
two-quasiproton (3/2°,7/2) and  two-quasineutron is a good quantum number for these states which may result
(5/2°,712) structure. AK™=12" configuration, which differs in very long-livedK isomers, with large experimental hin-
from the aboveK=11" state by having a proton configuration drance for electromagnetic decay.

(5/2*,7/Z), might also compete for yrast status. Some of the
possible negative paritil structures are given in Table IV.

In summary, 19 differenK-intrinsic configurations have
been used in band-mixing calculations to find out the relative This work was funded by the UK EPSRC. One of the
importance of the different structures. The band-mixing re-authors(A.K.R.) acknowledges the Association of Common-
sults of the yrast and yrare spectra are shown in Fig. 6. Thevealth UniversitiegUK) (Ref. INCF-2000-61in collabora-
yrast states are dominated by ldveomponents, as shown tion with the University Grants Commissigindia). A.K.R.
in Fig. 7. The yrare states represent rotational bands based afso acknowledges a FIST grant to the Physics department of
prominent highK structures such ak=6" andK=14*. The = Sambalpur University by the DS{India).

V. CONCLUSION
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