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Superdeformed bands in 8983y, 82784y 8384 Transition quadrupole moments, moments
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Multiple superdeformed bands in the nucféi 8sr, 884y and 838%r have been studied in a backed-
target experiment, using the Gammasphere and the Microballedector arrays. For 15 bands in these nuclei,
average transition quadrupole moments have been measured with high accuracy, using the Doppler-shift
attenuation method. Among these are the newly observed superdeformed b&h#f¥ jrwhich are “isospec-
tral” with the bands in®283Sr. These “isospectral” bands have nearly identical transition quadrupole moments.
Two of the bands if!Sr interact and cross transitions between them are observed. The present measurements
place stringent conditions on configuration assignments for the bands obtained from two types of mean-field
calculations, leading to a consistent understanding of the m&88ssuperdeformed bands. The assignments for
different bands arise from one or more nucleons occupyind\¢xe5h,,,, intruder orbital.
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[. INTRODUCTION maximum frequencies encountered for the SD bands in the
next heavier region of SD shapes around mass 150. There-
The search for superdeformé8D) bands in the nuclear fore, the study of the properties of these SD bands remains a
region around mass 80 was initiated by predictions for veryehallenging task. _ _
elongated shapes with a major-to-minor axis ratio of 2:1 in  The SD nuclei in the mass-80 region are theoretically de-
nuclei with atomic numbeZ=38—40 and neutron number Scribed as prolate deformed rotors with a quadrupole defor-
N=42-45[1-6]. Eight years ago, these predictions wereMation of 8,~0.5. This p_'Ct(LZ‘)re is supported by the large
experimentally confirmed with the observation of a SD banddynamic moments of inertig"*”, obtained for the SD bands
in 83Sr [7,8]. Since then, significant improvements in the " thezmass-aiio region, which have on average a value of
detection capabilities have allowed one to unravel an island 227 /MeV." In some cases, the deformations of these
of SD shapes at high spin in this nuclear region. To date, S ands coql_d be directly confirmed by measuring th§|r aver-
bands have been found f~63Sr [7-12], 8 ®4y [13,14] age transition quadrupole momen, with the residual

Doppler-shift method23]. These lifetime measurements, all
83848%r [15-17, ®*®Nb [18,19, %Mo [20], and #%*Tc : :
' S ' ) prior to the present work, are reported in R¢f511,15-1T.
[21,22. These bands are observed up to a rotational fre= tha deformation and thus th®, value depends sensi-

quency of about 1.3 Me¥i, a value twice as high as the yely on the number of higli-intruder orbitals involved in
the formation of the SD shape. In the mass-80 region, the
intruder orbitals that are located at the SD shell gaps are
*Present address: Radiation Oncology Center, Washington Unihose withNy=5h4, parentage. Th&, value measured for
versity, St. Louis, MO 63110. a particular SD band ought to be characteristic for the in-
'Corresponding author. Electronic address: truder content of its underlying configuration. This allows
reviol@wuchem.wustl.edu
*Present address: LANSCE-3, MS H855, LANL, Los Alamos,

NM 87545. The only exception being the SD band MTc, the heaviest
S$present address: NASA Ames Research Laboratory, MST27A-Inucleus under consideration, which exhibits742> moment be-
Moffett Field, CA 94035. tween 35 and 40%/MeV.
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one to obtain a reliable configuration assignment similar taat the Lawrence Berkeley National Laboratory. Theays
those for the SD nuclei in the mass-150 region. Interestinglyemitted from the reactions were detected with the Gammas-
a SD shell gap is predicted to develop at particle number 4@here arrayf25], which consisted of 100 hyperpure Ge de-
for high rotational frequency but is absent7ab=0. This tectors fitted with bismuth germanatBGO) shields to ob-
complicates matters for the proton system. In contrast, théain Compton-suppressegray spectra. The Gammasphere
SD gap at particle number 44 that is most relevant for thaletectors are arranged in 17 angular rings. The emitted
neutron system is found to be very pronounced over theharged particles were detected with a Microball, a 95-
whole frequency range observed. element CHITl) 47 detector array26]. The Microball served
While the results of the previou3; measurements helped a twofold purpose. First, its high efficiency and good charged
to establish the SD shape, they were somewhat unsatisfyirgarticle identification capability based on a pulse-shape dis-
for two reasons. Of concern were the large experimental uncrimination technique were used for selecting the exit chan-
certainties(relative errors between 15% and 4D&§ the Q, nels of interest in the subsequent analysis. Second, the rea-
values. This did not allow testing of the theoretically pre-sonably good energy resolution of the Microball allowed
dicted trends for the SD shapes as a functiorZadind N reconstruction of the momenta of the recoiling nuclei. This
throughout the mass region and made configuration assigmermitted a precise Doppler shift correction of theay en-
ments rather difficult. A second shortfall was the lack ofergies. To optimize the selectivity for the exit channels, the
lifetime information for the yrast SD bands in some isotopichevimet collimators of Gammasphere were removed during
chains, e.g., the yttrium isotopes, and the absence of sudhe experiment and totay-ray pulse height,, and y-ray
information for any excited SD band in the mass-80 regionfold k., information were measured for each evgri].
This situation called for newQ, measurements. The event trigger required a minimum of four Compton-
In this paper, we present a comprehensive study of SBuppressed rays in prompt coincidence. Any pulse height
bands in nine different nuclei in the mass-80 region, viz., inand time information from the Microball that was correlated
80-83gy 82-84y and 838%r. In most of these nuclei, mul- with the event trigger was accepted as well. Two days of
tiple SD bands are observed. Among the 21 SD bands reunning time were spent for each reaction an@®x 10
ported seven bands are newly observed or reported in detalents per run were collected.
for the first time. The most important results are the accu-
rately measure®; values of 15 of these bands. These values
are obtained by using the residual Doppler-shift method.
However, unlike in previous experiments the measurements Using the charged particle identification provided by the
have been performed with a single target with backing. FronMicroball, the data were sorted according to individual exit
the trends for the experiment@, values and7(?> moments  channels. Residual contaminants in the particle gates result-
as a function ofZ and N, configuration assignments f&  ing from unidentified protonsy particles, and neutrons were
=38-40 andN=42-45 SD nuclei are proposed and some ofsharply reduced by placing correlated gatesidr (E*), the
the previously made assignments are revised. Four of thesetal y-ray pulse heightH,, and excitation energyE*.
SD bands are viewed as pairs of “spectrally identical” or Here, E* was obtained from the relatiorE* =T,
isospectral bands and their properties are studied in detail 3 (E, ), WhereT, , is the kinetic energy of the colli-
based on their measur€l values. TheQ; measurements for sion in the center of mass syst¢@s].
six yrast SD bands observed in the present data have been The y-ray energy spectra display Doppler shifts, which
reported in a Lettef24]. Here, additional results, which in- decrease as a function of slowing of the nuclei in the target
clude several excited SD bands, as well as more details thaind backing and become constant when they escape from the

Ill. ANALYSIS

in Ref.[24] are presented. backing. In order to correct the Doppler shifts and sharpen
the E,, spectra, the energies of the detected charged particles
Il EXPERIMENTAL DETAILS were used to reconstruct the momenta and, consequently, the

initial recoil velocity of the recoiling nuclei on an event-by-

In order to avoid the limitations of previous experiments event basis. To take into account the slowing of the recoils, a
in accurately measurin@, values for the SD bands in the y-ray energy dependent recoil veloci,, was introduced
mass-80 region, care was taken to maximize the sensitivitgnd this function was optimized for SD transitions of inter-
to the lifetimes of those bands and reduce variations in thest. This procedure led to an accurate Doppler-shift correc-
systematic errors of the extracted lifetime values. A singletion for the inband SD transition@nd to broader peaks for
570 wglcn? S8Ni target foil backed with 3.2 mg/cfrof gold  the slower transitions
was employed in two separate reactions. In the first reaction, The resultant Doppler-shift corrected parametgrs of
the target was bombarded with &Si beam at 130 MeV, coincidenty-ray transitions in individual exit channels were
populating high spin states if*8%r, 88y, and #Zzr via  sorted into two sets of histograms. First, a symmetrized
a2p, 4p, 3pn, 3p, and Pn fusion-evaporation exit chan- —E, matrix and arE,—E,—E, cube for the Gammasphere
nels, respectively. In the second reactiorf°8i beam at 130 detectors at all detector angles were created. These two- and
MeV was used to populate high-spin statesi¥sr, 8y,  three-dimensional histograms were used to search for new
and 84Zr via a2p, 4p, 3p, and Pn exit channels, respec- SD bands and reanalyze previously reported SD bands. Sec-
tively. ond, the data were sorted into a set of seligr E,, matrices

The experiment was performed at the 88-Inch Cyclotroraccording to angular segments of the Gammasphere array.
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markers indicate the shifts of the peak centroids between the
different angles. The energy-dependent Doppler-shift correc-
1 tion that was applied to line ug, removed most of the

1 Doppler shift. Consequently, the residual shifts that were de-
termined experimentally were small. Nevertheless, they
i could be determined precisely by careful analysis.

8 From the measured centroid shifts for the members of a
SD band, a velocity3,.s and Eg were extracted by fitting the

seven E,, ) pairs for each transition in the band with the
expressionE ., = E‘;\/l—ﬂfesl(l—ﬁrescosa), using a least-
squares procedure. The velocity componefts,, and Ses,
obtained from the applied and the residual Doppler shift of
an individual transition, respectively, were added relativisti-
cally to obtain an average recoil velocif). This velocity is

14 expressed as a fraction of the initial recoil velocgy, i.e.,
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IV. RESULTS

In each final nucleus reported in Sec. Il, at least one SD
band has been observed. The present data contain in total 21
SD bands, which are listed in Table I. The assignment of a
SD band to a particular nucleus is consistent with the obser-
vation of strong coincidence relationships betweenyitay

J
2000

T
2400

E, (keV)

TABLE I. The SD bands observed in the present work. The
reaction channel leading to the final nucleus, the intensity of the
band expressed as a fraction of the intensity of the ground-state
transition in the nucleus, and the estimated spin for the lowest state

FIG. 1. Sampley-ray spectra for the SD band fifZr, resulting (reached by the lowest observed transitiare listed.(The energies

from (a) a double-gating procedure applied to the coincidence cub@f these transitions are given in parenthesbimtice that the reac-
and(b) sums of gates placed on the coincidence matrix. The gatingions with two different beams’Si and *°Si, were used.

transitions are marked by an asterisk and a known yrast transition i
the nucleus is indicated by “y.” The inserts in pangl) contain  Structure

spectra gated by several SD transitions for two groups of detector§)Sr Sp12
at average angles of 29.9° and 150.1° with respect to the beam axi§oSr SD22

Thex axis of these matrices represented only the events frorf’Sr SD3?
the detectors in a certain angular segment, whileytlais  8Sr SD42
included those from any other detector. The angular segésr Sp1P
ments represented groups of detector rings in the arraylsy sp2P

namely, with average angles=29.9°, 52.9°, 74.3°, 90.0°, ®%'srsD3’
105.1°, 127.1°, and 150.1° which are symmetric with respectSr SD4"
to the 90.0° position. The angle-sorted matrices were prefsr?
pared to measure the residual shifts of the centroids of thés,P
SD band members. 82y a
Subsequently, gates were placed on the energies of cleasy spi 2
transitions in the SD bands, and one-dimensional spectrey gpoa
were projected out from the matrices and cubes. In the casey gp3a
of the angle-sorted matrices, the projection contained thesy gpga

counts measured in the angular segmg&nf\s an example, 84 gp1°®
spectra for the SD band if*Zr are shown in Fig. 1. Dis- 84y gp2b
played in panel(a) is the coincidence spectrum obtained 84y gp3b
from a sum of double gates on inband transitions applied t@s;, gpqa
the cube. The spectra in pan@) are created by summing s3; gpoa
the projections from several clean individual gates on transisa,, b

tions of the SD band. The inserts in this panel show a part of

Channel Yiel@o) Estimated spin )
a2p 1.17 18(1443
a2p 0.52 18(1688
a?2p 0.36 22(1846
a2p 0.13 20(2140
a2p 1.02 31/2(1215
a2p 0.63 33/2(1646
a2p 0.40 47/2(1883
a2p 0.29 41/2(1940

4p 0.63 18(1432
4p 1.36 41/2(1306
3pn 0.93 16(1454
3p 4.20 45/2(1893
3p 2.94 43/2(1757)
3p 2.90 43/2(1738
3p 2.73 45/2(1920
3p 3.02 17(1460
3p 2.72 19(1810
3p 0.76 19(1880
2pn 6.30 27/2(1380
2pn 2.69 29/2(1444
2pn 6.40 21(1527

the coincidence spectrum at two opposite angle positions &8eam 25Si.
obtained from the corresponding angle-sorted matrices. ThBeam 2°Si.
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TABLE Il. Table of energies in keV of all discrete transitions in 83847y (three bands[16,15. In the case of®'Sr, a band

each SD band observed in this work. The typical uncertainties fojhteraction between bands SD1 and SD3 is observed. which
the measured energies are 1 keV. For a barit$n(band SD2 and '

in 8zr (SD1) “forking” is observed as indicated. Transitions given

in parentheses are less certain. Notice that the band SB'Sirhas

been extended by both a transition at the bottom and at the top.

Band Individual transition energidkeV)
80Sr SD1 1443, 1611, 1775, 1948,
2118, 2284, 2441, 2595, 2743, 2426
80sr SD2 1688, 1821, 1950, 2090, 2256, 2364, 2574
80Sr SD3 1846, 2039, 2216, 2391, 2572
805y SD4 2140, 2292, 2459, 2621, 2763
81gr SD1 1215, 1371, 1520, 1680, 1840, 1988, 2140, 2294,
2441, 2564, 2661, 2747
815y SD2 1646, 1774, 1926, 2084, 2240, 2398, 2540, 2697
81gr SD3 1883, 2035, 2204, 2369, 2535, 2696
815y SD4 1940, 2102, 2260, 2409, 2542
825y 1432, 1595, 1756, 1920, 2077, 2230, 2383, 2545
83gr 1306, 1461, 1613, 1762, 1912,
2060, 2205, 2347, 2491
82y 1454, 1605, 1774, 1936, 2100, 2264, 2427, 2582
8y SD1 1893, 2022, 2156, 2298, 2444, 2586, 27@B39
8y SD2 1757, 1921, 2072, 2224, 2384, 2551, 2720
8y SD3 1738, 1871, 2038, 2213, 2378, 2535, 2718
83y SD4 1920, 2062, 2211, 2374, 2531, 2694
8%y SD1 1460, 1608, 1763, 1912, 2059, 2208, 2354, 2506
84y SD2 1810, 1959, 2111, 2264, 2412, 2562
8%y SD3 1880, 2038, 2197, 2350, 2508, 1380, 1536, 1640,
837y SD1 1749, 1909, 2074, 2241, 2410,
1427, 1555, 25852761
837r SD2 1444, 1616, 1791, 1964, 2132, 2300, 2466, 2624
847r 1527, 1663, 1810, 1959, 2114,

2271, 2435, 2600, 2770

transitions of the band and prominent transitions near th

is described in more detail hereafter. In addition to the pre-
viously known bands, four new SD bands Y and three
new SD bands irf%Y are reported. Among the reported SD
bands in the nuclef38% are two bands isospectral with
bands in the neighboring nucl&?8Sr. This finding is de-
scribed in Sec. IV B. The intensity patterns of some of the
SD bands and the related issue of spin estimates for the
bands(cf. fourth column of Table)l are discussed in Sec.
IV C. Finally, the results for the lifetime measurements for
all SD bands are reported in Sec. IV D.

A. Band interaction in 8Sr

The presence of four SD bands $Sr and an interaction
between states of the yrast SD bdbdnd SD} and those of
a nearby level structure have been reported in Ref]. A
careful analysis of the coincidence relationships of the SD
transitions in each band with othey rays has revealed
“cross-talk” between the sequences SD1 and SD3. The in-
terband transitions involved have the respective energies of
1533, 1666, 1691, and 1828 keV and their placement is
shown in the level scheme of Fig. 3. The transitions for
which an accurate directional correlation analysis was pos-
sible (including the interband transitions and the 1883-,
2035-, 2204-, and 2369-keV transitions of band $@8e
found to be ofE2 character.

The y-ray spectra shown in Fig. 4 document the coinci-
dence relationships between most of the SD transitions in-
volved in the band interaction. These spectra have been gen-
erated from sums of double-gated coincidence spectra to
improve the sensitivity for the weaker transitions under con-
sideration.

The band interaction can be attributed to an accidental
near degeneracy of states between s@i8&2) and(51/2). As
a consequence of this observation, the excited band SD3 has
fhe same parity as the yrast SD band, but its parity cannot be

yrast line of the nucleus. No linking transitions between theyatermined from the present evidence. Using a simple two-

SD bands and lower-lying states could be observed. The rel
tive intensities of the SD bands are also reported in Table

fevel mixing picture, the interaction strength obtained is on
verage~6 keV (for the spin range of #4). This informa-

together with spin estimates, which are based on intensitylon is further discussed in Sec. V C
considerations as described below. ' '

The y-ray transitions of the SD bands are listed in Table
II. It is assumed thatll transitions listed in this table are
stretched electric quadrupol&?2) transitions. This assump-

B. Isospectral SD bands in®28%r and 8384

Two pairs of spectrally very similar SD bands, termed

tion is justified by the measured multipolarities for the tran-isospectral here, have been observed in the course of this
sitions of several SD bands. In the literature, multipolaritywork, confirming a preliminary observation by #hal.[14].
measurements leading B2 assignments have been reportedThe first excited SD band ifY (SD2) and the SD band in
explicitly for the bands in®Sr [9], and the yrast bands in #2Sr form one pair of isospectral bands, and the yrast SD
833r [8] and 3zr [15]. In the course of this work, thE2
character of certain prominent transitions®sr (bands SD1  pair of isospectral SD bands.

and SD3 has been verified in gray directional correlation

analysis. Figure 2 shows for each band a samplay coin-
cidence spectrum resulting from the corresponding gates oinvolving the 22Si beam, and the SD bands if*Y and 83Sr
the evaporated charged particles and a sum of gates on sewvere populated in the8 and 4p-exit channelgof the re-
eral inbandy-ray transitions.

The present analysis confirms the previously reported SBhown in Fig. 5, the B-gated data of each reaction contain
bands in% &3Sy (ten bands[9,10], 82Y (one band[13], and

band in 8% (SD1) and the SD band i¥*Sr form a second
As mentioned above, the SD bands®ity and 8Sr were

populated in the B- and 4p-exit channelg(of the reaction

action involving the?°Si bean), respectively. However, as

events from other exit channels, including 4vents, which
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FIG. 2. Sampley-ray spectra for the SD bands observed in this work. The spectra result from the sums of the gates on in-band transitions,
which are indicated by asterisks. The remaining members of each band are indicated by open circles. Two B&ndstémact and the
corresponding interband transitions are indicated by triangles. Other promingys in the spectra, which are not labeled, are either
transitions near the yrast line of the nucleus or known contaminant lines. The spectra have a dispersion of 2 keV per channel and the precise
vy-ray energies of the SD bands are reported in Table II.
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o4 FIG. 4. Coincidence spectra f@a) band SD1 andb) band SD3
210 452 in 8Sr. The asterisks indicate the in-band gating transitions. The
(55/2) oo - B remaining transitions are also SD transitions and are placed in the
B ] 452 level scheme of Fig. 3. The exception is theay labeled by “y,”
— 1880 an yrast transition between normally deformed states.
2035 1988
1ob6 @l . . " . .
)] 2 gating the ® data on their transition~ray energies, since
b 51/2, . . .
S ] their respective isospectral counterparts®3@r and®sr, are
ks B also observed in these spectra.
e A In order to isolate the bands i#?Y from the isospectral
e ) band in®Sr and the bands ifi*Y from the isospectral band
@7/ in 833r, a complex background subtraction procedure was
677 1691 1666 16850 performed on the B8 data from each reaction. The procedure
(43/2)] a2 e was applied to both sets ofp3data in an analogous manner
R @3/2 and is, therefore, described in reference to thedata from
1528 1533 1520 the 2°Si-induced reaction only.
el o\ Moy In the first stage of the background subtraction, the spuri-
81 S r ous data from various exit channels and low-spin transitions
1371 in 8% present in the B-gatedy-ray spectra were removed
_§(35/2) by using two-dimensionalH,,E*) gates, as mentioned in
s Sec. lll and described in RdeS]. A suitable H,,E*) gate
ez was found that preferentially selects ti& ground band

and suppresses the leaking®sr. However, a small amount
FIG. 3. Level scheme for the SD well ifSr. The transitions  of 835y events remained in thii(,, E*) gated P data, and
are labeled by their energies in keV. The spin assignments are bas@gkre subsequently removed by subtracting a portion of the
on estimates for the lowest states observed and are therefore tenlfp-gated events.
tive. The 4p data to be subtracted were made to approximate
the contaminant®3Sr events, which leak through the
leak into the -gated data when only three protons are de{H.,,E*) cuts on the § data. The first step in this procedure
tected from 4 events. Thus, a significant amount of eventswas to reproduce the effects of the undete¢tedrth) proton
in which 82Sr and®3sr were populated leak into thep3lata  in the 3p subset. Since the Microball efficiency is lower for
from the 2°Si and #°Si reactions, respectively. As a result, the low-energy protongdue to threshold effectsthe lowest-
isospectral SD bands i#?Y and #%Y cannot be examined by energy proton of each event was omitted from the evaluation
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y

tral bands studied in this work. The pané® and (b) show the
83584 (band SD1 pair, and(c) and(d) show the®?Sr83y (band
SD2 pair. The transitions are labeled by their energies in keV
where the gating transitions are indicated by asterisks. Yrast tran-
stions are labeled by “y” and known contaminant transitions by the
corresponding reaction channel. The dispersion of the spectra is 1
keV/channel.

FIG. 5. Panelga)—(c) contain spectra for the yrast SD band in
84y, resulting from gates for the in-bangray transitions on the
4p-gated, P-gated, and B-gated minus p-gated matrices from
the 2°Si-induced reaction. Paneld)—(f) contain spectra for the first
excited SD band iff®Y, resulting from gates for the in-band tran-
sitions on the #-gated, -gated, and p-gated minus p-gated
matrices from the?®Si-induced reaction. The gatingrays for each
matrix are indicated by asterisks. Theay marked with an “x” in
panels(a)—(c) is the strongest transition i#Sr and they ray with
the same mark in paneld)—(f) is the strongest transition if?Sr.
The spectra in panel&) and (f) demonstrate the removal of the
contaminant $ events from the B gated matrices.

showed no significant evidence 68Sr upon gating on the
v-ray energies of decays from that nucleus, and the coinci-
dence of the isospectral SD band with known decay&sf
was confirmed from the spectra shown in Fig$a)5(c)
gated by the transitions of the SD bands.

Following the same procedures, thp 8nd 4p data from
of E* and from the momentum reconstruction employed inthe reaction involving thé®Si beam were incremented in an
the Doppler-shift correction. This procedure is reasonableE,—E, matrix. In this matrix, the isospectral SD band in
since the low-energy protons are most likely missed in thef‘% is clearly isolated from the spurious SD band®isr, as
detection of the p events, and these events thus appear irseen by the set of its one-dimensional projections shown in
the 3p data. In this way, th&* profile and the Doppler-shift Figs. d)—(f).
correction associated with the backgrouna data approxi- The spectra for the yrast SD band ifiy and the excited
mated well those from the Bgated subset(Under these band SD2 in®3Y after the complex background subtraction
conditions, the backgroundp4data producey-ray spectra are compared in Fig. 6 with the spectra for their respective
with somewhat reduced resolution compared to those that aigospectral bands ifi*Sr and 8%Sr. For each pair of bands,
obtained when four protons are included in the momentunt3sr84y (a),(b) and 82Sr23y (c),(d), the transition energies
reconstruction of eachplevent) are strikingly similar over several steps in theay cascade,

The (H,,E*)-cut 3p data, and theH ,,,E*)-cut 4p data, i.e., they deviate from each other by at most 5 keV. Conse-
were sorted intE.,— E,, matrices, and an adequate fraction quently, their 72> moments are also very similar as dis-
of the 4p-gated matrix, which was determined from the ratio cussed below. It is perhaps possible that such a strong simi-
of the intensities of®3Sr in both datasets, was subtractedlarity could also result from an erroneous background
from the 3p-gated matrix to eliminate the remainirffSr  subtraction, in which the @ data were not completely re-
coincidences in that matrix. The resultast,—E, matrix ~ moved from the  data. However, as stated above, gates on
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and mass-190 regions which are known to carry only a few
units of angular momentum.

As stated earlier, no linking transitions have been ob-
] served. Therefore, spin estimates are made based on the ob-
1 served feeding into known levels, assuming & unseen
] transitions between the SD and lower spin states. The results
of these estimates are reported in Tablé&st column.

The spin estimates were checked independently by using
a fitting procedure for the measurgtl?> moments of inertia
as a function of rotational frequency described in R2€].
] For most of the yrast SD bands, a fair agreement is obtained
1 between the estimated spin value of Table | and the result
| from the fit. The exceptiongno agreementare those yrast
SD bands which extend to rather low transition energies and
are subject to irregularities in the, versus spin behavior
(bands SD1 of®8Sr). Also, poor agreement is obtained for
about half of the excited SD bands and this is attributed to
] the fact that these SD bands are rather short sequences. In
L conclusion, the spin assignments reported in this paper are

00 " 1 " 1 " 1 "
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reasonable estimates based on the present knowledge.
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FIG. 7. Relative intensity vs transition energy for two of the

newly reported bands if’Y, SD1 (yrasp and SD2. The intensities [N order to obtain the average transition quadrupole mo-
of the SD transitions are given relative to the sum of the intensitiegnentsQ; for the SD bands reported in this paper, the average
of the ground-state transitions. lifetimes of the SD states were deduced by fitting the calcu-

lated fractional Doppler shifts to the measutg}/ B, values

as a function ofy-ray energy for each SD band. This proce-
rdure is based on the Doppler-shift attenuation method, where
. . frie decay times of the states in the SD band are related to the
mo@g from the 3_datas_,ets. Thus_,, t_he marginal fraction of velocity of the recoiling nuclei as they slow down in the
the ®*%5r data, which might remain in thep3ata(after the target and backing. Specific for the SD bands under discus-
events from the g channel have been subtractedannot  jon s that several transitions at the top of the band occur
account for the presence of the isospectral SD bands in thgready while the recoils traverse the thin target, as known
resultant spectra. The background-subtraction procedurggom previousQ, measurements.

performed establish the existence of the two pairs of SD The model calculations for the decay times in the SD
bands. Therefore, the same procedures were repeated for thgnd were performed according to a procedure introduced by
centroid shift lifetime analyses for the isospectral bands, andee [30]. In this procedure, the side feeding is modeled

low-lying transitions of the potentially contaminating se-
guences showed that those contaminants were indeed

the results are presented in Sec. IV D. based on the measured intensity pattern for the inband tran-
sitions, and a constant paramey is fitted to all levels in
C. Intensities and spin estimates the band and those in the side-feeding cascades. Thus, the

side feeding times were assumed to be equal to those of
. . . %receding inband transitions. The slowing down of the re-
intensities of the strongest inbanday and the ground state ;s was modeled by using the electronic and nuclear stop-
transitior(s), are reported in Table I. Typical intensity pat- ping powers provided by the codeim [31] and their veloc-
terns for all members of a particular band are shown in Figjty gistribution was calculated as a function of time by
7. In the case of the yrast SD band ffY, for example, integrating over the target and the backing layer. The process
feeding takes place mostly to the top three states in the bangs fitting Q, involves the calculation of thB(E2) value for
while deexcitation occurs mainly from the bottom two levels. each transition in the band, using a rotational model with the
The coincidence relationships between SD and “normal’parameterQ,, the measured transition energy, and the esti-
transitions evaluated for the SD bands reported show that th@ated initial spin of the transition. The best-fit value @y
strength of the decay out is distributed equally among thevas obtained from g2 minimization withQ, as a free pa-
strongest normally deformed barfddhe observed decay rameter.
features of the bands are consistent with the statistical char- The Q; values obtained from this modeling may contain
acter of the decays of the SD bands in the heavier mass-15ystematic uncertainties of the order of 10% from the stop-
ping powers usefB31]. For the time scales, and therefore, for
the velocities involved in the decay of the SD states, the
2The only exception being the yrast SD band®#r, which de-  electronic stopping, which is well known, dominates. This
cays preferentially to the yrast band. leads to a reduction of the systematic errors due to nuclear

The relative intensities of the SD bands, obtained from th
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TABLE Ill. Results from the present transition quadrupole mo-
ment measurements for SD bands in the mass-80 nuclei and com-
10 + g parison with previous measurements where available. Notice that
the presen, value for 8Sr SD1 slightly differs from the value
reported in Ref[24]. Notice also that the previou®; values for the
bands in8-8%r as given in Ref[9] are from reanalyses of the
0o | | datasets first reported in Ref8] and[10], respectively.
Structure Q; (eb) present Q (eb) previous Reference
< 805y SD1 3.42°028 2.7°97 [9]
=~ | | 8031 SD2 3.63 517 22738 [9]
4 ®lsr SD yrast | 8srsp3 4.10.6 3.6729 [9]
v ¢ Q30801 eh {  ®srsp4 4906 2855 [9]
- 1 815r SD1 3.08°312 35798 [9]
o7 | 0 Q=358 eb 1 ®srsp2 3.30'3%] 3.8°07 [9]
825y 3.54 513 4553 [11]
835y 3.60°923 3598 [9]
82y 4338
8y SD1 4.4-0.7 4731 [32]
o6 r 1  ®ysp2 3.670%
8y sD3 3.6'%3
1200 1600 2000 2400 2800 84y SD1 3.6°9%
Ey (keV) 87r SD1 5.8 08 5.0°29 [15]
847y 5.6°9¢ 52738 [16]

FIG. 8. The fractional Doppler shift for the yrast SD transitions

in *1Sr obtained in the present experiment with a backed targefyre described above. These results are summarized in Table
(solid circleg compared with thg )/ 5, values for the same SD |}, “Notice that the spins of the band members used for the
band in a thin-target experime[d] (open circles (B! B, fits are based on the estimates discussed edsker

N ) Table ). The uncertainties they introduce are small compared
stopping in the slowing down process. Furthermore, the Ung, giher systematic errors that are included in the present

certainties due _to th_e stopping powers are the same for allqits In Fig. 9, thé8)/ B, curves leading to th@, values
. UltSt Table 11l are shown. Six out of 21 cases for which Qo
from the same experiment are compared. Thus, accuraigyes are reported suffer from poor statistics due to the
comparisons of; values can be made for evaporation resi-yaak nopulation of the SD band or/and contaminants intro-

due nuclei of differenZ andN. duced by a large background. Therefore, ti@jrvalues are
The (B)/B, curves from the present data versus thoseysggciated with large errors and are thus meaningless.

from previous experiments with a thin target exhibit a sig- 11,4 80-83g; 4ata span the largest ranges )/ 8, and
nificantly increased range in the fractional Doppler shifts. A”consequently, demonstrate an enhanced sensitivity to the life-

example for this effect is shown in Fig. 8, where /80 {imes of those SD bands. By the same token, the fitted
values for the yrast SD band fSr from two measurements (B)/ B, of the SD bands irf2 8% and 83#%r indicate re-

with different target arrangements are displayed. In the thin'duced ranges ii8)/ 8o, due to the shorter decay times ob-

target experimenf9], the conditions under which th&'Sr  goreq i the yttrium and zirconium cases. Therefore Qhe
nucleus was populated were slightly different from theresults for 8835y are obtained with higher accuracy than

. . 5 . .
backed-target experiment in that*Ni target of thickness ,oce for the other cases despite the relatively low yields of
330 uglent (not 560 ug/cnt) was used. The backed target o sp pands in the Sr nucléf. Table ).
data from the present measurement span a greater reduction g 5 systematic comparison of the isospectral SD bands
in (B)/ By than those data obtained in the previous experivenorted in this paper, the fractional Doppler shifts for the

ment[9], in which a thin target was employed. This is due tocorresponding bands if2SR, 8 and 83Sr, 84y are pair-
the additional slowing in the gold backing, during the decay, i '

: wise shown in Fig. 10. The members of each pair of isospec-
through the middle and the bottom of tg.e SD bands. In thg5) 5p pands possess very simifay values. In addition to
present analysis for the yrast SD band®$r we included

_ _the close resemblance of the sequences of transition energies
the effect of the decay out of the band due to the band intergoqcrined earlier they also have very simil#? moments
action (cf. Sec. IV A. This leads to the “spike” of the ' '

(B)! By curve at 1680 keV in Fig. &cf. Fig. 3), and im-
proves the accuracy of the fit to the data.

The datasets,3)/ 8, as a function o, for the 21 SD The main goal of this section is to propose configuration
bands observed in this work were examined. For most o&ssignments for the SD bands reported. The SD bands in the
these band€Q, values were determined following the proce- mass-80 nuclei have been theoretically predicted to arise

V. DISCUSSION
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FIG. 9. Fractional Doppler shift3)/ 8, measured for 15 SD bands as a functionyafly energy. Thé 8)/ 8, values for the yrast bands
are shown as solid circles. THg)/ B, values for the first, second, and third excited SD bands are reduced by 0.05, 0.10, and 0.15 units and
are shown as open circles, open squares, and open diamonds, respectively. The solid lines represent the results from a fitting procedure base
on the model calculations decribed in the text.

from the occupation olfi;4/, intruder orbitald1,2,4]. Indeed, vide sensitive tests for calculaté€} values governed by in-
the configurations assigned to the SD bands observed in thisuder orbital occupations. As a consequence, the
region (see Refs[7-16]) contain one to fouh;;, intruder  configuration assignments presented in Sec. IV C are mainly
orbitals, mostly occupied by both neutrons and protonsbased on the results from the lifetime measurements.
These configuration assignments were mainly based on com-

parisons between the calculated and the experimentally ob- A. Transition quadrupole moments

served 7> moments of inertia, and only in some cases
[9,11,15-17 confirmed byQ; measurements. However, the
latter had large systematic and statistical err@fs Table The present results for th®, moments of the yrast SD
1), and thus did not provide stringent tests for the theoretibands allow one to establish trends across the mass-80 re-
cal calculations. The present results, on the other hand, prajion. In Fig. 11, theQ; values of the yrast SD bands in

1. Trends in Q moments of yrast SD bands
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FIG. 10. Comparisons ofB)/ B, vs E, data for the pairs of , L ! i |
isospectral SD bands reported in this paper. Paaekhows the N=45 7=40
result for the SD band i#2Sr and the first excited SD band Y, i l l l T l l l l l |
panel(b) for the SD band if3Sr and the yrast SD band fY. The 0 s 39 0 42 43 a4 a5 48
solid and dashed lines correspond to the best fit<fom the Sr 7 N

and Y isotopes, respectively.
FIG. 11. Transition quadrupole moments measured for the yrast
SD bands in®-8Sr (circley, 884y (diamondsy, and 83848%r

80-83q, 82-84 83,8 ;
d Nsr',l'h bY,dan b ‘Er r?erle_algttedda:4g function ﬁ[ (squaresas a function ofZ (left) andN (right). The data point for
andN. The bands in both thbl= an Isotones show 867r (open symbalis taken from Ref[17]. The curves indicate the

increasingQ, values from Sr £=38) to Zr (Z=40). The  yenq of the calculate@, values described in Sec. V C1.
trend inQ, as a function oN shows an essentially constant
behavior in each isotopic chain under consideration. How- B. Moments of inertia

ever, the data are also consistent with moderately decreasing The 7@ moments of inertia for the SD bands extracted
8
Q; values forN=44. Hence, the yrast SD bands 0 4Zr_ from the measureg-ray energies are shown in Fig. 13. For
have the largest valueQ{~5.7 eb), while the bands in 4 sp pands the7? values scatter around 2&MeV
82-84y (Q,~4.3eb) and 885r (Q,~3.5eb) exhibit ioh i i : arti
= 9.9 ¢C] which is the typical value of the dynamic moment of inertia
smaller and rather moderate values, respecuve}y. Clearly, g the SD bands in this mass region. Most of the yrast SD
change of the quadrupole moment depends mainl dat  hands exhibit a smooth behavior gf® versus rotational
not onN. This suggests that the intruder configuration re-frequency. Like in the mass-150 region of superdeformation,
mains unchanged within an isotopic chain, in agreement withhree different trends are observed—slightly upsloping,

the theoretical calculations described below. downsloping, and constaf?)(w) curves. The exceptions
2. Q; moments of excited SD bands H ‘ i ‘ "

In Fig. 12, theQ, values of the excited SD bands in _ ° L3 [ . |
80815r and 83y are compared with the values for the yrast 2  , | &' ILe * -
SD bands in these isotopic chaiftse value for the band in 5 [ ¢ @ L G g
83r is omitted for simplicity. Using the average value for P J 4
the yrast SD bands in the strontium isotop€s~«3.5¢eb, L 2=38 1 2739 i
dotted ling as a reference, the following observations can be 0 ! T ! !
made. The lowest excited bands in both the strontium and 42 . a4 43 a4 4
yttrium isotopes have the santg, values as the yrast SD N N

,bands in® 8.38r. T_hls IS again suggestlve of a very Slmllar FIG. 12. Transition quadrupole moments measured for the ex-
mtruder conflguratlon fog these excned_ bands. Intgrestlnglycited SD bands if°81Sr (left) and 8Y (right) are compared with
the highest lying band if°Sr (band SD4 s characterized by e Q, values obtained for the yrast SD bands in the same nucleus
a significantly largerQ; value. This is consistent with the and in neighboring isotopes. The values for the excited bands and
occupation of at least one more intruder orbital as comparethe yrast bands are distinguished by open and filled symbols, re-
to, e.g., the yrast SD configuration. spectively. The dotted line at 36b is to guide the eye.
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FIG. 13. Dynamical moments of inertia vs rotational frequency for all SD bands observed in this work. The yrast SD bands are
represented by solid circles, first excited SD bands by open circles, second excited SD bands by open squares, and third excited SD bands
by open diamonds. The lines connect the experimental points for clarity.

from a smooth7(®)(w) behavior ardi) the yrast SD band in alignment of a pair of nucleons. However, these upbends
837r and a few excited SD bands #:%'Sr and 83y, with occur at different rotational frequencies, likely indicating that
rising 7@ values at low frequency, andi) the yrast SD different pairs of nucleons are involvésee Sec. V € It is
bands in®!Sr and 3y, which clearly show upbends at high interesting to recall that earlier, in Ref13], “down-
frequency. In the case &fzr, the low-frequency rise it7(? bending” 7(? values at high frequency were reported as a
is likely due to a crossing with a less deformed structuresystematic feature of mass-80 SD bands. This statement is
which is also indicated by the “forking” of states at the not supported by the present woidf. Fig. 13.

bottom of the yrast SD band5]. The same explanation is Figure 13 indicates also that the band SD1%#Y has a
probably true for the “irregularities” seen if*%'Sr and®Y.  somewhat larget7® moment than the yrast bands in the
The upbends at high frequency for the yrast SD band¥3n  neighboring nuclei, e.g., the SD band &fzr. However, the
and 83, on the other hand, are attributed to a rotational.7?’ moment of the yrast SD band in tHé=44 isotone
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TABLE IV. Proposed configuration assignments for the SD bands and calculated deformations, using the
cranked Strutinsky approach. The val@}’ﬁe and the deformation parameters represent average values from
the calculations for frequency ranges given in the last column. The assignments for the band$%Darial
83y are tentative. Fof?Y, two assignments are possible.

Structure &P (eb) Config. Qe (eb) Bihe, ythe ho?

8sr sD1 3.42° 555 51750 4.1 0.43, 2.6° 0.82-1.32
8sr sb2 3.6331¢ 51750 4.3 0.44,1.8° 0.81-1.22
8035r SD3 4.10.6 (v5175°)

8sr sba 4.9-0.6 v5lr5t 4.6 0.47,9.0° 1.02-1.32
815r SD1 3.08"31¢ 517750 4.4 0.46, 1.2° 0.61-1.31
815r sD2 3.30°93] 51750 35 0.38,-8.3° 0.81-1.32
823y 3547033 517750 45 0.50, 6.0° b

835r 3.60°339 51750 35 0.43, 13.0° b

82y 4358 51750 4.8 0.47, 2.1° 0.72-1.23

v5ra5t 5.4 0.50, 4.3°

8y sb1 4.4:0.7 v5lr5t 4.5 0.45, 9.9° 0.92-1.32
8y sD2 3608 517750

8y sD3 3.6°0% (v5°75°)

8%y sD1 3603 51750 4.2 0.42, 11.1° 0.71-1.20
83zr 5808 v5275t 5.9 0.53, 4.6° 0.82-1.22
847y 5.6°3¢ v52m5t 6.1 0.56, 3.5° b

& Rotational-frequency ranges are given in MeV.
the

® Values offw, Q;"%, and deformation parameters from RE#4].
8Nb is of similar magnitud¢18]. Hence, the7®moment ~ minimized with respect to the shape parameters for the
for 83 does not happen to be an exception. The presemuclear potential,3,, 84, and y, and the rotational fre-
attempts to describe this aspect of the data can be found iuency and the lowest lying configuration is determined for a

the following section. given parity and signature quantum number. As an extension
to “standard” deformation self-consistent TRS calculations,
C. Intruder orbital assignments the present model contains also pairing correlations, namely,

In order to clarify the underlying structure of the SD Of both the monopole and the quadrupole type. These are
bands in883sr, 8y, and 8%zr, their properties are com- treated self-consistently by means of the Lipkin-Nogami
pared with the results of theoretical calculations based omethod.
two different self-consistent mean-field methods. These are The 7(* moment of inertia is calculated from the expec-
cranked Strutinsky Woods-Saxon calculations with pairingtation value of the spin with respect to the rotational axis at
using the Lipkin-Nogami approadkee, e.g., Ref$33-35), a3 given frequency. The quadrupole moment as a function of

and cranked Hartree-Fock calculations without pairinggtational frequency is obtained from the expectation values
[36,37]. Both theoretical approaches have shown that the¥or the Q. operator

gmvr'ggei gr?sac?fcglﬁfrg gzﬁ:gpatl[?onn()f rotational bands in differ- Some of theQ; values calculated with the cranked
The final selection of the configuration that is assigned to>tutinsky approach are presented in Fig. 11. From the com-

a particular SD band is guided by the criterion that the calParison between the experiment and the calculations, it is
culatedQ, and 7 values should be close to the measuredobvious that the calculations reproduce the trends inQhe
values. In addition, the excitation energy for the configura-values for the yrast SD bands ft"®Sr, ®%v, and ®zr as a
tion under consideration relative to that of other relevanffunction of proton and neutron number. For the bands in the
configurations is taken into account. The cranked Strutinskgtrontium nuclei, the calculations are higher by about 15%
approach is applied to all bands where a meas@gdalue relative to the experiment. This discrepancy is likely due to a
is available, while Hartree-Fock calculations are presentedonoptimal choice of the parameters for the potentait
only for a few cases and serve as a check. The results fromptimal for the calculations of radial momeptsiowever,
both types of theoretical calculations are found to be consismost important for the configuration assignments are the
tent with each other. The configurations are described by thgonsistent trends obtained in the experiment and the theory.
short-term notation %"with () being the number ol The configuration assignments based on@healues and
=5 neutron(proton intruder orbitals occupied. the 7(*) moments are summarized in Table IV. Notice that
the theoreticalQ, values listed in the table represent the av-
erage values obtained for the range of rotational frequency
The calculations using the cranked Strutinsky approaclobserved in the experimentp~1/2E,). The J? mo-
lead to total Routhian surfacd§RS). The total energy is ments obtained from the cranked Strutinsky calculations are

1. Description with the cranked Strutinsky approach
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give the Routhian energies' (w) for these bands if°Sr and
81Sr, respectively, using the set of Harris parameters given in

FIG. 14. The dynamical moments of inertia of the yrast SD i X > I
the figure. An assumption has been made about the excitation ener-

bands in®28%y, 82784y and #Zr as deduced from the experiment, " hose bands relati hoth od
in comparison with the values calculated with the cranked Strutin9'€S of these bands relative to each other at a fixed frequesesy

sky method. Measured values are shown in solid circles, calculateffX0- The point of interest is the different splitting ie" with
values are represented by lines. F&Y, two calculations are increasingiw.

shown since the data do not favor a particular configuration.

at ~1.2 MeV that is not supported by the experiment and
Yhus the assignment remains ambiguous. The already men-

Figure 14 shows comparisons between tH& moments tloned(zl)argej("l) momsint of the yrast SD band #Y and
calculated for the yrast SD bands f&8%r, 82-8%, and the_j momentl for Y cause a problem for_ the Fheory,
847y by using the cranked Strutinsky approach and the corWh'C_h underpredicts this quantity for the configurations de-
responding values deduced from the experiment. The scatté#rmined by the measure@, values(cf. Table IV).
for the calculated7® moment for 83Sr reflects some soft-  In the top panels of Fig. 15, th&® moments of the two
ness in the TRS maps for this nucleus with respect to the twipwest-lying SD bands if°Sr (left) and ®'Sr (right) are com-
deformation parameterg, and y. Nevertheless, the7 (@ pared with the theoretical calculations. For both nuclei, the
moment for this band as well as those for the yrast SD band§‘? moments of the yrast band and band SD2 are well de-
in the other strontium nuclei demonstrate good agreemertcribed by the calculations for the5'75° configuration,
between theory and experiment for the intruder orbital aswhich has been chosen in accordance with the knQyn
signments proposed. Likewise, the properties of the SDvalues. For the yrast band fSr, a configuration change at
bands in®Zr and 8Zr can be reproduced by the calcula- the highest frequencies needs to be taken into account in
tions. For the bands in the yttrium nuclei, on the other handprder to describe the observed upbend. This upbend(®f
the level of agreement between experiment and theory is less attributed to the rotational alignment of a pair of protons in
satisfying. In the case dPY, the assignment of a575% or  theh,y, intruder orbital, i.e., the top of the yrast SD band in
a v51w5iconfiguration is possible, but due to the large ex-8'Sr represents a5'#52. This configuration change is as-
perimental uncertainty for th@, value neither is favorable. sociated with a significant deformation increase in the calcu-
The 7® moment calculated for the energetically lower- lations. However, thé 8)/3, data are not sensitive to this
lying »5175° configuration in this nucleus shows an upbendeffect.

not included in the table but are discussed in the followin
paragraphs.
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The yrast SD bands and the SD2 band$%'Sr may be TABLE V. Proposed configuration assignments for some
viewed as signature partner bands, based on the very similatass-80 SD bands from the Hartree-Fock calculations. The values
Q, values measured and a quite similar slope of theilQt e.represent average .values for the frequency ranges in the cal-
Routhian energies as a function of rotational frequency. Th&ulations that overlap with the experimental observations.

latter quantity, shown in the bottom panels of Fig. 15, is use . .

to disguss fuyrther the5'75° configl?ration assignment for dStrUCture Q™ (eb) Configuration Q" (eb)
these bands. For the purpose of comparing the energy split2Sr 3.54° 515 v517750 3.9
ting with increasing rotational frequency for the two sets of 8sr 3.60°022 550 3.8
bands, the excitation energies of the bands relative to eachy 43338 5150 4.8
other have been fixed at a certain Idiw value. This as- 8y sp1 4.4°37 v5ia5t 43
sumption can be made and it does not affect the significan®y sp2 3.6°08 v5La50 4.1
differences in the energy splitting seen betwe®8r and 8% sp3 3.6'%3 50750 3.8

815y, In the case of!Sr, it is a “natural” choice to view two
lowest-lying bands as the two signatures of tlke

= 1/2 hyyintruder orbitaf the odd neutron can occupy. This and the measure@, values exists. As a consequence of
assignment is in accordance with the low energies calculateghese assignments, the isospectral SD bands are proposed to

for this configuration is expected to be larger than that forgf handg.

other near-yrast configurations. In the case®r, addi-
tional neutron states are involved in the excitation into the
h,4/, orbital (particle-hole excitations Specifically, the Nils-
son orbitals with go, (5/4422)) and ds, parentage . . .
(1/2431]) are involved, according to calculations. The ob- The properties of some of the SD bands under discussion

served energy splitting should be the signature Splittingare alsq compared with results from cr_anked Hartree-Fock

for these configurations, since it is smaller than the splittingc@lculations. The Hartree-Fock calculations have been car-

for the hyy, orbital. As shown in Fig. 15, the energy splitting 1€d out using the Skyrme SLy&8] effective interaction and

with increasing frequency is indeed smaller for the SD band§© Pairing(see Ref[36,37) for detaily. Like in the preced-

in 89Sy, which validates the configuration assignments maddnd section, the configuration assignments are guided mainly
In the case of®%Sr, Q, values could be measured by theQ and 7® moments. The results from the Hartree-

for all excited SD bands. For the two highest-lyifigwest ~ Fock calculations are summarized in Table V.

intensity) bands, SD3 and SD4, larg@, values(of 4_1j8-g The quadrupole moments calculated for the SD structures
and 4.938 eb, respectively were measured. Th@, value  listed in Table V are consistent with the results from the

for band SD4 requires a5 m5%r v5275° configura-  cranked Strutinsky calculations. However, for the SD band in
tion assignment. The excitation of more intruder statesY a »5'75° configuration assignment is favored by the
than in the yrast configuration is consistent with the loca-Hartree-Fock calculations. The level of agreement between
tion of this band at a relatively high energy. For band SD3the calculated7®) moment for this energetically lowest-

a similar configuration or ar5'w5° configuration is lying intruder configuration and the measurg®’ value is
conceivable. documented in Fig. 16. The high-frequency upbend obtained
The results presented in Table IV lead to the followingfor the calculated7® values(above 1.3 MeV is due to a

observations. The yrast SD bands®fh 8Sr and in34Y arise  crossing of thev51#5° configuration with thev5 75t or
from v5'75° configurations, whereas thfg’g‘zr yrast SD 52750 configuration but there is no inconsistency with the
bands and thé yrast SD band are assigne&’n5' and  experimental values. This removes the ambiquity in Fig. 14
v5 751 conﬁgurauons, respectlvely._ln the case o_f the zir-and Table IV. For the/5175° configuration in82Y, a larger
conium nuclei, another proton occupies the[43181 Igﬂsson Q" value is calculated than for the&s'75* configuration in
orbﬁal. For these assignments, the SD banqé iFeSr are 83y (cf. Table IV). This difference is, in part, due to a larger
predicted to possess the small€x! values, in agreement occupation probability for the 3J201] neutron orbital, when

with the experiment. Similarly, most of the excited SD bands_ _. 8 3 . i
for which aQ; value could be measured are described by th ig'nng from %Y to %, which tends to reduce the deforma

l O . . . .
xcitation. The ex ion among the exci n : . . .
vS S excitatio e exception among the excited bands Figure 17 illustrates the comparisons between experimen-

is the very excited band SD4 if’Sr, where av5'#5! or -

v527r5° configuration assignment is favored. Hence, for bothta_IIIy observed anqsgalculated guantities for the yrast and ex-
the yrast and the excited SD bands a systematic correspofilléd SD bands in™Y. In the left panels, the quadrupole
dence between the number o/, and 7h,,, excitations moments are presented as a function of rotational frequency,

where the box represents the aver&evalue with uncer-
tainty and the range of-ray energies £, ~2% ) in which
3The K quantum number represents the projection of the singleth€ (8)/ Bo measurement is performédf. Fig. 9.

particle angular momentum on the symmetry axis of the nucleus For the yrast SD band if®Y, the measure®; value is
and is used here to simplify the description. best described by the5'75* configuration(dotted curve,

2. Description with the Hartree-Fock approach
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J moment of the yrast SD band #?Y like the cranked
Strutinsky calculations do. For tH&8Y excited SD bands, the

Q; values of 3.6eb are remarkably well reproduced by the
v51759 and v5°75° configurations. The latter one should
be qualified as a highly deformed configuration. As shown in
the right panel{middle and bottor) the 7(?> moments of
the excited SD bands if%Y are fairly well reproduced by
the Hartree-Fock calculations for th&'#5° and v5%75°
configurations. Overall, the assignments in Table V are rea-
sonably well justified.

3. Concluding remarks

The results in the present paper and in R2#] lead to
some revisions of previous intruder orbital assignments. The
proposed configuration changes affect mainly the yrast and
excited SD bands in the strontium isotopes that have been
discussed previously in Refi®,10,13. These earlier assign-
ments predicted a moderate increase of@pevalues of the
yrast SD bands across the isotof&s®Sr. The present ex-
perimental results, on the other hand, indicate rather constant
Q, values for the®% 83sr cases, including their lowest-lying

FIG. 16. The dynamical moment of inertia for the SD band in €Xcited bands. One of the conclusions from the present work

82y in comparison with the calculated value for th8'75° con-
figuration, using the cranked Hartree-Fock method.

while the alternatively considere@5275 configuration
(dashedl overpredicts this quantity. Th¢®) moment, on the

is that there are distinctly fewér; ;,, excitations necessary to
describe the configurations of the yrast SD band§2frSr
than the authors of Ref$7,8,11,12 assumed. This differ-
ence may be understood as follows.

In the cranked Strutinsky calculations, tNe=Z=38 en-

other hand, does not favor either of these two configuration<S"dy gap at highly deformed shapg#,&0.4) is stable up to
Specifically, the Hartree-Fock calculations underpredict thdn€ highest frequencies experimentally observed. Hence, the

T T T T T T T T
L 4.4+0.7eb(exp) J- T 20
L | i
in SD1 (yrast) 110
0 1 1 —— 1 1 = o
6 - ;7 40
i —
L I i %
— R - ;430
§ [T ~0-0-0! =
- ——— | ekl
< 1+ 420 %
(o3 36738 eb (exp.) L =
2 - S
I SD2 110 0O
0 — i i = i i — o
6 - -1 40
o 430
R — OO
0.4 [ -1 20
3.6703 eb (exp.)
2+ -
r sSD3 1 10
0 1 1 1 1 1 1 1 1 0
0.8 1.0 1.2 14 08 1.0 1.2 1.4

Nw (MeV)

FIG. 17. TheQ; values(left) and the7(? moments(right) of

promotion of protons into the intruder orbitals from thg

=5 shell is, for the strontium isotopes, not energetically fa-
vorable. The preser); measurements confirm the expected
stability of theZ= 38 gap, which, however, prevents the sec-
ondary minimum of a strontium nucleus from assuming the
same SD shape as, e.§%Zr. Hence, only the neutron con-
figuration in 8 833r is characterized by the occupation of an
No=5 intruder orbital, but only a single one. Therefore, the
bands in8 23Sy (and perhaps also an excited band®i)
may be qualified as highly deformed prolate rotois, (
=<0.5).

In this context, it is interesting to notice that band SD3 in
815y, which interacts with the yrast SD band, does not re-
semble any low-lying configuration that would involve an
excitation into theNy=5 shell and match the parity and spin
of the yrast band. Instead, all candidate configurations are
located too high in energy. Therefore, band SD3 could be a
normal or highly deformed structure located at a similar ex-
citation energy as the neutrdm,, intruder bands inf!Sr.
This scenario is also consistent with another fact: The inter-
action strength obtained for the cross-talk between SD1 and
SD3 (Vi,=~6 keV) is rather small when compared with re-
ported cases of crossings between SD states, vizZ/Nib
[19] (two interactions withV;,;~47 and 70 keY. This seems
to support the picture of an accidental interaction, in contrast

the SD bands irf® compared with the results from the Hartree- 0 those “expected” crossings. . .
Fock calculations. The properties of the yrast band and the excited A general theme_ln the present and in previous work on
bands, SD2 and SD3, are presented in the top, middle, and bottomass-80 SD states is the SD shell gap for the proton system.

panels, respectively.

Notably, in 8'Sr the upbend in the7(?) values for the yrast
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TABLE VI. Orbitals other than intruders discussed for mass-80 SD bands. When two orbitals are listed
the configuration is mixed.

Structure Nonintruder orbitals Comment
80sr SD1 vQg(5/2422]), vds;(1/2431]) Signature partner
805r SD2 vQg5/24422]), vds;(1/2431]) Signature partner
825r SD e, Pap(1/2310]) Isospectral
835r SD s, Pa( 1/ 310]) Isospectral

y sb1 vis2,p32(3/2301)]

8y sD2 w0, Pa2(1/2310]) Isospectral
84y SD1 7fs,Pap(1/2310]) Isospectral
837r SD1 wdg(1/2 431])

847r SD wdg(1/2 431])

SD band reflects the occupation of the proton,, intruder  out the entire frequency range. The best candidate for an
orbital at high frequency leading to a rearrangement of therbital causing this behavior is the protd,—ps, (1/
second well vacuum configuration. There is also a differenc@[310]) orbital, which approaches the Fermi surface Tor
in the structure of the bands in the second well between-=39 at a deformatior8, = 0.4. In the frequency range of
proton numberg =38 andZ=40. Indeed, as shown in Fig. interest, it is essentially constant and, thus, the alignment and
11, the Q, values increase frorZ=38 to Z=40 with the  7(2) contributions from this orbital are nearly zero. In this
yttrium nuc_:lei showing a “transitional” behavior with re- picture, the 1/p310] orbital would be occupied by the 39th
spect to this deformation change. By the same token, a prasroion in the yttrium nuclei. Removing the 39th proton from
ton hyy, excitation is not only energetically accessible buty,ig orpital would then result in a configuration for the stron-
stabilizes the equilibrium defoﬂrmau.or,] for the SD shape. i, m nuclei with very similar7?) moments. This orbital and
For the neutron system, a “magic” SD gap 4~0.6 is the other “normal” orbitals in the —p—g shell and thels,

_obtamed forN=44. Unlike theZz=40 gap, this neutron gap shell that have been discussed in the present paper are also
is stable over a large frequency range. It leads to the OCCLii-Sted for clarity in Table VI

pation of a pair ofh,y, neutrons in®zr and &zr, the two
nuclei with the largest quadrupole deformation observed in

the present work. The band fiZr is (together with the yrast

SD band in®Zr) also the most strongly populated SD band VI. SUMMARY
under discussion. Hence, it is reasonable to vié#r as the
doubly magic nucleus in the mass-80 region of superdefo

malgon.l\l—43 but at hat ler def i in the nuclei 883y, 82784y and 88%r have been mea-
or N=43, but at a somewhat smaller deformatif g req accurately and under nearly identical experimental

<0.6, arather pronounced energy gap for the neutr_on orbi {:onditions. These results include also measurements for sev-
als occurs as well. However, the earlier expectation thaeral excited SD bands. TH@, values together with the dy-
when passing fronN=43 toN=44 the quadrupole moment ' ¢ 9 Y

may increasdby ~0.6 eb) is not supported by the present namical moments of inertia established from the experiment
work. On the other .hand thel=44 gap seems to stabilize allow one to make stringent comparisons with deformation
the SD shape against deviations from axial symmetry. Value@nd Pairing self-consistent mean-field calculations. From

for the deformation parametey that deviate considerably these comparisons, reliable configuration assignments for the
from O (by more than 10° are calculated for the\=45 SD bands are obtained. Notably, some of the yrast and the

systems,®3Sr and 84y (Table IV), and theN=46 system, first excited SD bands can be viewed as signature partner

87r [17]. This prediction seems to be in line with tigg ~ bands.

values measured for these three nuclei, which are somewhat The “magic” configuration ¢5°75") is represented best

smaller than those for their lighter isotopes. Fig. 11). by the SD band in®*Zr. The presence of SD shell gaps at
Finally, a comment about the features of the two pairs ofZ=40, N=44, as predicted by the theoretical calculations, is

isospectral SD bands studied in the present work: Like mossupported by the present data. The 40 gap occurs only for

of the isospectral bands in the mass-150 and mass-190 ra-considerable rotation of the systéim the frequency range

gions of superdeformation, these pairs of SD bands possesise SD bands are obseryed@herefore, the SD bands around

very similar Q, values, which seems to be characteristic for84zr are rather outstanding examples for shape stabilization

the isospectral band phenomenon. The sin@awvalues for by rotational frequency or angular momentum.

the 82 Sr, 83y (SD2) pair and for the®>Sr, 84y (SD1) pair are Another point of interest are th®, values measured for

attributed to a commom5*75° configuration in both cases. the two pairs of isospectral bands present in the data, which

The question is then, how to describe the very simifaf) are found to be nearly identical. These are the first two ex-

moments of inertia, which are in both cases “flat” through- amples for isospectral SD bands below the mass-150 and

Results of an experiment are presented in which the aver-
ré\ge transition quadrupole moments for most of the SD bands
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mass-190 regions of superdeformation and there are common
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