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Spherical and deformed high-spin states in*®Ar
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Excited states irf®Ar have been investigated by means of the heavy-ion fusion-evaporation re&tSion
+10. The level scheme reveals a subtle interplay between spherical, deformed, and superdeformed shapes.
Large-scale shell-model calculations in tee-fp space are invoked to study the microscopic aspects of
deformation and shape changes.
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[. INTRODUCTION expected to compete with near-spherical “terminating” states
of lower seniority. Excited states iffAr have been studied
Experimental studies of doubly magic nuclei and nearbyextensively with light-ion-induced reactiosee compilation
neighbors provide important benchmarks to test nucleaPy Endt[4]), while the most recent high-spin result dates
models. At high excitation energy or angular momentumPack to the late 197088]. Section Il describes the experi-

single-particle and collective modes of excitation may Com_mental procedures and results. It is followed by Sec. Il,

ote in these svstems. This mav allow for a comparison O¥vhich presents an interpretation of the new data in the frame-
P Y ‘ y P work of large-scale shell-model calculations.

different microscopic theoretical treatments and can lead to

an understanding of collective motion in terms of the spheri- Il. EXPERIMENT
cal shell model. This has been demonstrated recently in the
case of ®Ni, where rotational bands have been identified.

These bands are based on four-particle four-iedn) ex- 4 evaporation reactioffSi+ %0 was used at 125 MeV

citations across thdl,Z= 28 shell gad 1]. b . . .
S a0 : . eam energy. High-spin states #Ar were populated via

Similarly, in “°Ca the first excited ) state at 3353 keV 1a2p evaporation from the compound nucledTi. The
has been interpreted for a long _tlme ag-4h excitation  GAMMASPHERE Ge-detector arrd®] was coupled to the
across theN,Z=20 shell gad 2]. Thl_s state forms the band- 4 charged-particle detector array MICROBALJLO] and
head of a prolate-deformed rotational band. Later on thigs |iquid scintillator neutron detectors to allow for a proper
interpretation was confirmed by measurements of larg@election of the various reaction channels. The neutron de-
B(E2;2"—0;) and B(E2;4"—2") transition strengths tectors replaced the Ge detectors in the three most forward
[3,4]. While the location of the yrast 6 state indicates the rings of GAMMASPHERE. The target was-a0.5 mg/cm
succession of a reasonably smod{d+ 1) behavior of the thin enriched “°Ca foil which suffered from considerable
sequence, the yrast'8forms an early example of band ter- oxidation. Since the natural abundance'®® is 99.8%, the
mination[5]. The leading components of the wave function only measurable reaction cross section with oxygen can arise
of the 8" state in“°Ca are P-2h excitations. Recently, a from this isotope. Reactions of th#Si beam with either
candidate for a superdeformeg-8h structure in*°Ca has  4°Ca or 160 can be clearly discriminated because(iofthe
been identified, which is built on thejOstate[6]. In the different recoil velocities §=3.4% ¢ andv=5.7% c, re-
neighboring nucleus®Ar, which has onex particle fewer  spectively and(ii) the different total energf,.; and average
than “°Ca, the 4-8h band has been extended up to spin maximum spin of the compound nucleus. Theay multi-
=161[7]. plicity K and total energyH could be measured since the

The present study aims at the identification of deformechevimet absorbers in front of the anti-Compton shields of the
multiparticle multihole high-spin states iffAr. They are  Ge detectors were removétil]. Using the energ¥ . de-

The experiment was performed at the 88-Inch Cyclotron
at Lawrence Berkeley National Laboratory. The heavy-ion

posited in

MICROBALL by the evaporated charged particles, the reaction
*Present address: DRE Ottawa, Ontario, Canada. of interest can be selected with a proper gate in a two-
"Present address: SUNY Stony Brook, NY 11794, dimensional plot oK vs Eio;=H+E, [12].
tPresent address: J. Stefan Institute, Ljubljana 1000, Slovenia. ~ The data were sorted off-line into a number of reaction-
Spresent address: TIFR, Bombay 400 005, India. channel-selected two- and three-dimensioyal matrices
IPresent address: University of Guelph, Guelph, Ontario, Canadand yyy cubes. TheRADWARE data analysis softwarfgl 3]
TPresent address: NBI, DK-2100 Copenhagen, Denmark. and the spectrum-analysis cote [14] were used to inves-
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FIG. 1. Proposed partial experimental level schem#&af. The energy labels are given in keV. The widths of the arrows are proportional
to the relative intensities of the rays. Tentative transitions and levels are dashed.

tigate y-ray coincidences and intensities. All spectra are in coincidence with one evaporadeparticle

E,-E, angular correlations betweenrays detected in the ?nd two protons. Tnehspectra indFli:)gs(a)Z;lz(;) originate
backward section @ =150°) and the central sectior@( oM ayy matrix, which was gated by a thirg ray repre-
=97°) were investigated by means of directional correla-S€NtNg e of the intense 106, 670, 1643, and 2168 keV
tions of oriented state€DCO ratios [15] lines in °Ar. Figure Q@) is in coincidence Wlth the 1900

keV and 1903 keV doublet. The 1900 keV line depopulates
.. , o the level at 10026 keV. Transitions associated with the new
Roco( 71, 7s) = I(, at 150°%; gated W'thyZ at 97 )_ even-spin decay sequence 4 on the left hand side of Fig. 1
’ I(y, at 97°; gated withy, at 1509 can clearly be identified, e.g., at 1055, 1451, 1524, 2135, or
(1) 3538 keV. The weak 4097 keV line at the top of band 3
cannot be seen in Fig.(® due to the limited statistics and
The Rpco values were corrected for the slightly different because most of the flux depopulating the levels at 11551
detection efficiencies in the different Ge-detector rings.and 13685 keV proceeds via the 1375 and 2068 keV lines,
Known stretchede2 transitions[8] were used for gating, which form the connection to the known negative-parity
such thatRpco=1.0 is expected for observed stretchedstates. The 1903 keV line forms a weak connection between
quadrupole transitions arfélyco~ 0.6 for stretched pure di- the previously known levels at 8974 and 7071 keV, which
poles. Nonstretched | =0 transitions have typicallRpco  generates the peak at 1202 keV and a considerable fraction
~1.0, which also depends on the multipole mixing ratio.  of the 2484 keV line in Fig. @&). The spectrum in Fig. (®)

The level scheme of®Ar from the present analysis is is in coincidence with the 1441 keV 11-9~ transition.
shown in Fig. 1 and summarized in Table I. It considerablyThe contribution due to the weak 1438 keV 6:4" line is
extends the previously reported high-spin excitation schemaegligible. New transitions at, e.g., 2068, 2300, 3779, or
by Aartset al.[8]. Except for one case, previous spin assign-4097 keV are visible and could be placed unambiguously in
ments of states were confirmed, and earlier parity assigrthe level scheme of Fig. 1. The lines at 1140 and 3063 keV in
ments[4,8] were adopted. Fig. 2(b) seem to feed directly into the 11 617 keV 14tate.

Figure 2 provides a number ofray spectra, which focus A number of Rpcp values allow for an assignment of
on newly identified sequences in the level schemé®air. even spins and negative parity to the 10026, 11551, and
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TABLE I. Level energie€, , y-ray energieg,, relative intensities,,, angular correlation ratioRp o,
and multipole assignments of transitions observed®r.

E, E, I, Rpco Multipolarity I ¢
(keV) (keV) (%) (h) ()
21681) 2167.55) 1103) 1.01(5) E2 2*P ot
3811(1) 1642.74) 100(3) 0.64(3) E1l 3P 2+
39371) 17691) 0.2(1) Al=0 2*b 2+
39392) 2.1(3) E2 2t ot
4481(1) 669.62) 90(3) 0.633) E2/M1 4P 3
45641) 239472) 0.72) Al=0 2*b 2"
45861) 105.91) 83(8) E2/M1 5P 4-
775.53) 11(2) 1.0877) E2 5~ 3
53501) 784(1) 0.2(1) E2 4+b 2+
1413.14) 3.803) E2 4* 2+
15391) 0.92) E1l 4* 3
31832) 8(1) 0.998)% E2 4* 2+
56591) 1073.24) 7.23) 1.048) Al=0 5P 5
1178.66) 0.7(1) E2/M1 5~ 4-
60541) 703.93) 2.2(2) Al=0 qre 4+
14881) 0.4(1) E2 4* 2+
21161) 0.6(2) E2 4* 2+
640911) 749.94) 0.31) E1l 67P 5~
10581) 1.82) E2 6" 4+
1823.34) 55(2) 0.563) E1l 6" 5~
66751) 2088.76) 5.7(6) 1.1617) Al=0° 5P 5~
7071(1) 2483.96) 10(1) 1.199) E2/M1 6~ 5
25901) 1.1(2) E2 6~ 4-
72891) 879.93) 1.2(1) Al=0 6P 6"
12361) 0.4(1) E2 6" 4+
1939.47) 7.86) 0.948) E2 6" 4+
27041) 2.62) E1l 6" 5~
74921) 14381) 2.4(2) a E2° 6+ 4+
18331) 0.82) E1l 6" 5~
21421) 1.1(2) E2 6" 4*
75091) 437.82) 0.8(1) 0.8215) E2/M1 7 6~
1100(1) 0.2(1) E1l 7 6"
18501) 0.7(3) E2 7 5~
29231) 9.1(5) 1.149) E2 7 5~
785911) 1184.54) 1.1(2) 0.599) Al=1 6 5"
80781) 789.36) 0.5(1) E2/M1 7+P 6"
1669.44) 6.7(2) 1.5912) E2/M1 7" 6"
81261) 10551) 0.92) 0.8331)2 (A1=0) (67)° 5
1451(1) 0.4(1) (E2M1) (67) 5
35392) 1.4(2) a (E2IM1) (67) 5
84921) 1421.@4) 3.34) 0.51(5) Al=1 6 5
8571(1) 492.62) 3.82) 0.61(5) E2/M1 g*P 7t
1061.43) 7.32) 0.667)% E1l 8" 7
12821) 0.31) E2 8" 6"
21621) 30(2) 1.01(5) E2 8" 6"
89741) 847.84) 0.4(1) (E2M1) 7P (67)
19031) 0.4(1) E2/M1 7 6
2300Q1) 1.1(2) 114237 E2 7 5-
25651) 12(1) 0.705) E1l 7 6"
33141) 2.51) 1.1521) E2 7 5
43882) 4.1(2) 1.1914) E2 7 5~
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TABLE I. (Continued.

E, E, I, Rpco Multipolarity I I+
(keV) (keV) (%) () ()
9340(1) 18481) 1.32) E2 g*P 6"
2051.36) 7.96) 1.0711) E2 8" 6"
2931(1) 1.92) a E2 8" 6"
9350(1) 2941(2) 0.41) El 7°¢ 6"
3691(2) 0.31) E2 7" 5-
47643) 0.51) E2 7" 5~
95381) 967.43) 1.1(1) 0.9910) Al=0 8*e 8+t
20461) 0.802) E2 8" 6"
22481) 0.8(3) E2 8" 6"
31242) 1.42) E2 8" 6"
99351) 13641) 7(1) 0.463) E2/M1 9* 8+t
10 0261) 190Q1) 2.43) 1.1034) (E2) 8" (67)
19481) 0.92) El 8" 7"
25171) 1.1(2) E2/M1 8" 7
29562) 1.32) E2 8" 6”
101761) 835.34) 0.72) El 97" 8+t
1201.83) 14(1) 1.096) E2 9" 7
1605.44) 19(1) 0.583) El 9- 8+t
10 9491) 7731) 0.8(3) a Al=0 9- 9
15982 0.31) E2 9- 7
23781) 2.92) 0.839)2 El 9- 8+t
34392) 0.31) E2 9- 7
11.30Q1) 13641) 2(1) 0.463)2 E2/M1 10° 9+
1959.57) 3.62) 1.1722) E2 10° 8"
115511) 1374.74) 6.32) 1.2917) E2/M1 10 9-
1524.44) 2.602) 0.91(16) E2 10 8~
116171) 1440.94) 21(1) 1.0505) E2 11°° 9-
11 6512) 2301(2) 0.602) 1.1423? (E2) (97) 7
119171) 23781) 0.72) E2 10° 8+t
2576.28) 3.92) 0.9516) E2 10° 8+t
11 9992) 105Q11) 0.5(1) 9(+)
121081) 25702) 0.3(1) E2 10t¢ 8"
35372) 1.22) a E2 10" 8"
136851) 2068.57) 3.22) 0.3002) E2/M1 12 11°
2134.96) 3.1(4) 1.1417) E2 12 10°
14 12%2) 2821(2) 0.72) 10"
41853) 0.42) 9+t
14 3921) 22851) 0.21) E2 12° 10"
2475.78) 2.42) 1.0219 E2 12° 10"
30932) 0.72) E2 12° 10"
148792) 29622) 0.6(2) (E2) (12%)¢ 10*
15 3962) 37792) 1.62) 1.0219) E2 13 11°
17 0032) 2611(1) 0.92) 1.11(38)
17 7822) 40972) 0.52) (12)
180714) 31923) 0.42) (E2) (14+)¢ (12)
216635) 35923) 0.21) (E2) (16")¢ (14%)

@Doublet structure.

bSupported by or taken from latest data evaluation.

‘Due to or supported by stretch&® connections to a state with known spin and pay
dAssignment based on systematic rotational behavior.
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FIG. 3. The experimental DCO ratios of the 20@8p row),
1375(middle row), and 2484 ke\(bottom row transitions are com-

1000 2000 3000 4000 pared to DCO ratios calculated as a function of the multipole mix-
Ey (keV) ing ratio 8 assuming either nonstretched =0 (left column) or
stretchedA 1 =1 (right column character by using the given align-

FIG. 2. Gamma-ray spectra 8%Ar. They are all gated with one ment coefficientsy, and detector angles according to Eg).

detecteda particle, two protons, and no neutron. Pang@s (b),
and(c) are summed double-gated spectra in coincidence(@ithe  possible solutions for the mixing ratio afg=0.30¢") and
106, 670, 1643, and 2168 keV lines afig) the 1900/1903 keV  5,=2 7(8). This fixes the spin of the 13685 keV state to be
doublet[panel (a)], the 1441 keV transitiofipanel (b)], and the | — 12 and subsequently those of the 11551 and 10026 keV
13.64.keV dou'blet. Pan€Hd) shows the sum of spectra.in dguble levels atl = 10 andl =8, respectively. Thé= 10 assignment
coincidence with the 1939, 2051, 2577, and .3h18ﬁ kev "nlfs ml_banqs also in line with the mixing-ratio analysis of the 1375 keV
\}Jhilzznce(lﬁ?eftsrliisdusrida:dCglrécr:céfg;(?agveltls ;reeizoévev "€ line shown in the middle row of Fig. 3, which yields2.2
' ' <6< —0.5 for theAl =1 hypothesis. Th&pco values for
the 1524 and 2135 keV transitions are consistent with
13685 keV levels. They also imply a modification of the stretchedE2 transitions. Furthermore, a parity changing
spin and parity assignment of the 7071 keV state froni4]  mixed M 2/E1 character for the 2068 and 1375 keV lines can
to 6°. Figure 3 compares the measuiRgl.o values for the  be ruled out. Using the lowest possible valuesftheir
2068, 1375, and 2484 keV transitions to DCO ratios calcuB,(M2) strengths(Weisskopf unity would outweigh the
lated as a function of the multipole mixing rat®{E2/M1)  B(E2) in-band strengths of the 2135 and 1524 keV lines
[or S(M2/E1), respectively. The results for nonstretched by factors of more than 2 or 30, respectively. Therefore, we
Al1=0 hypotheses are shown in the left column of Fig. 3,assignl”=8", 10, and 12 to the 10026, 11551, and
while the right column illustrates the analysis assumingl3 685 keV states. ThBpcq value of the 1900 keV transi-
stretchedAl =1 transitions. The thick and thin horizontal tion in combination with the decay pattern of the 8126 keV
lines in Fig. 3 indicate the experimentBho values and state and previous knowledgé] finally allows for a tenta-
their error margins. For each panel three curves were calcuive 6~ assignment to this level.
lated for a given alignment coefficieat, and its presumed As a result of the observation of the 2956 keV line be-
upper and lower limits, respectively. The crossings of thetween the 10026 keV 8 and 7071 keV state, the previous
curves with the experiment&p o values mark possible so- 5~ assignment to the latter has to be revised tq Because
lutions for the mixing ratiod. These are indicated by the stretchedM3 transitions are highly unlikely to be observed
vertical solid lines. The alignment coefficients were cal-  in prompt in-beamy-ray spectroscopy. This spin change is
culated using the relation,= 0.55+ 0.0, (MeV). Includ-  also supported by the mixing-ratio analysis of the 2484 keV
ing uncertainties oA a,= = 0.05 this assumption provides a line shown in the bottom row of Fig. 3, which yields2.0
reasonable estimate of the alignment following heavy-ion fu< §<—0.6 for a stretched\| =1 transition rather thad~
sion evaporation reactions, provided that no long-lived iso— 0.5 for theAl =0 hypothesis.
mers are encountered in the course of the decay. The spectrum in Fig. @) is in coincidence with the 1364
The valueRpco=0.30(2) of the 2068 keV transition is keV line, which is known to be a doublet from earlier studies
only consistent with a stretchetll =1 transition. The two [8]. The relevant transitions of the decay of thé §rast
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level at 8571 keV can be seen at 1061, 1669, and 2162 keViigh excitation energy, similar to the corresponding 9182
while the high-energy lines at 2821, 3093, and 4185 kel\keV 6" state in®Ar [7]. Since neutrons and protons occupy
mark the connections to states of higher excitation energythe same orbits, both the energy costdir-breaking core

and spin. The decay of the level at 14121 keV into'aghd  excitations and the energy gain due to the residual interaction
10" state hints at a spin assignment of'1though it cannot are of similar size for the two kinds of nucleons. In fact, the
be proved experimentally due to low statistics. strong binding of neutron-proton two-body matrix elements

The spectrum in Fig. (@) is the sum of spectra in double favors states for which the same numbers of protons and
coincidence with any combination of the 1939, 2051, 2576neutrons are excited from the into the fp shell.
and 3183 keV transitions and thus highlights the structures The features of the structures labeled 1, 2, 3, and 4 in Fig.
labeled 1 and 2 in Fig. 1. The 2476 keV line connects the twdl in 38Ar are discussed in the context of large-scale shell-
bands, and the 2611 keV line marks the top of band 2model(LSSM) calculations in thesd-fp model space with a
Though intensively searched for, a continuation of band Filled and closeds, shell. The LSSM predictions were ob-
with a 3—4 MeV transition could not be established from thetained using the diagonalization codsToINE [17] and an
present data set. The 2962 keV line, which is clearly visibleeffective interaction based on that presented in ReS].
in Fig. 2(d), feeds into the 11917 keV I0Ostate. Beyond Static and transitional electric moments were calculated with
that, the situation is not clear: The 2962 keV transition is ineffective charges oé,=1.5 ande,=0.5.
coincidence with the 3592 keV line, but the 3192 keV line is  Ideally, one should perform a fubd-pf calculation to
a doublet with the 3183 keV4—2" decay-out transition at describe the complete spectroscopy*&r. However, this is
low spin. The doublet is inferred from intensity relationshipsfar beyond our present-day computational possibilities. An-
arising from theRADWARE y7yy cube analysis, but both its other option could be to limit the number of particles al-
presence and the sequence of the 3192 keV and 3592 kd¥wed to be excited from thed shell to thepf shell to a
transitions remain uncertain due to the limited statistics inrmaximum valuen. The problem associated with such an ap-
that part of the level scheme. The strongest argument in favgsroach is that it would be necessary to include uppeléh
of the 3192 keV line is a spectrum which is in coincidenceconfigurations if one were to describe states dominated by
with the 1939 keV transition at the bottom of band 1 as well4p-6h components due to pairing correlations via states of
as with any of theweak 1413, 1539, 1769, and 3938 keV 6p-8h type. This again is beyond our present-day computing
transitions. This spectrum does reveal a weak line apossibilities. A way out of this impasse is to study fixed
~3192 keV, though the latter transitions run parallel to thenp-mh configurations, which excludes the mixing among dif-
3183 keV line in the level schem(ef. Fig. 1). The relative  ferent np-mh sets. However, if we deal with bands that
intensities of the 3192 and 3592 keV transitigase Table)l  originate from a well-defined intrinsic state, the unmixed cal-
favor the sequence shown in Fig. 1. The 1960 keV line coneulations can still provide a good description, because the
nects band 1 to the previously mentioned 11300 keV 10 residual mixing should not have large effects on these struc-
state, and several other weak interband or decay-out transiires. Hence, we have performeg-£n and 4-6h calcula-
tions can be seen in Fig(d®. Some of thes€1236 and 1848 tions and located such bands. Nevertheless, we cannot aim
keV) are highlighted in Fig. @), which is a spectrum in for a perfect description because of the missing mixing. For
coincidence with the 704 keV line. This transition connectsthe negative-parity states, the fixed configuration calculations
the two 4" states in bands 1 and 2. do not produce any band like structure. Thus we cannot trust

The 1421 keV transition, which depopulates the level athe unmixed calculations in that case.

8492 keV and which has been known from previous studies Figure 4 provides the experimenta) and calculatedb)

[8], has a rather large relative yield of 84p%. A total of  energies relative to a rigid rotor reference. The energies were
four additionaly rays are in clear coincidence with this tran- normalized to the D state at 3.38 Me\[4]. The predicted
sition and the subsequent 2484, 106, 670, 1643, and 216%-4h states match the spin 6-11 positive-parity sequence
keV lines. Their energies are 1338}, 1755.85), 19661), labeled 3 in Fig. 1. It is formed by the levels at 6409, 8078,
and 2672) keV with relative intensities of 0(2)%, 8571, 9935, 11 300, andentatively 14 121 keV. The latter
0.6(2)%, 0.31)%, and 0.%2)%, respectively. None of these state is likely to represent the terminating*1&tate of the
four transitions were in mutual coincidence; i.e., they would2p-4h structure. Another argument in favor of interpreting
give rise to four additional states in the level scheme withsequence 3 as being dominated Ipy4h configurations is its
likely spins between 77 and &:. For the sake of clarity nei- connection to the negative-parity states: these positive-parity
ther the levels nor the-ray transitions have been included in |evels are mainly fed by thep35h states, and they populate
Fig. 1. the low-lying Ip-3h structure.

The first, second, or third excited states of the6h cal-
culation have been matched to the experimental ones of
bands 1 and 2 based on both their excitation energies and,

%8Ar has two proton holes with respect to the doubly more importantly, on their decay patterns. The predicted and
magic core**®Ca. This implies that excited states beyond spinobserved branching ratios are given in Table Il. As a result of
2% have to involve particle-hole excitations across thefavoring the decay pattern rather than the excitation energy
spherical shell gap at particle number 20 if one neglectedh the matching process, the predicted, 18nd 1§ states
excitations from thels;, orbit, which could create an excited had to be interchanged. The observed and predicted energy
47" state. This state, however, is likely to lie isolated at rathercurves in Fig. 4 are quite similar. The only overall difference

Ill. DISCUSSION
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' ' ' ' ' " ' ' ' TABLE Il. Measured and predicted stretchB@ branchings
7r (a) ] and calculated transition strengtB6E2) for the 4-6h structures in
- ] 38Ar. The energies of nonobserveéd.o) y rays and levels have
5r ] been extrapolated from the predicted energies and observed levels
r ] with the same spin and parity. Note that these energies can differ for
3r T different choices in the process of matching observed and predicted
%; r T states.
= T I
= i ] Ex iﬂ,'th ;T,th E7 bexpt Bin B(E2)
T 1 (keV) (h)  (#)  (keV) (%) (%) (e?fm?)
é 7L ' ' ' ' ' ' ' ' ' 1 Band 1
0| i 5350 47 25 784 53) 0 0.01
2 5l | 21+ 1413 953) 100 322
© | 7289 6, 45 n.o. 0 1.1
w 4 i 45 1236 51) 0 0.2
| | 47 1939  931) 100 330
1L i 9340 87 63 n.o. 0 0.002
i | 6; 1848  143) 1 7.7
RS J 61+ 2051 863) 99 303
S SR 11917 100 85 n.o. 0 3.4
0 4 8 12 16 8, 2378 154 3 9.0
Angular Momentum (ﬁ) 81r 2576 8%4) 97 223
14879 12§ 10;  n.o. 6 50.8

FIG. 4. Energies of positive-parity, even-spin stated®r. The

experimentally observe@) and calculatedb) energies are relative 10%: 2962 100 o1 110
to a rigid rotor reference. Different symbols represent structures 1 . 101 n.o. 3 4.9
(solid and open diamongs2 (open squargsand 3(solid triangleg 18071 14 123 8192 100 70 894
corresponding to the labels in Fig. 1. The solid circles afeadd 123 n.o. 29 25.7
2, states. 127 no. 2 1.0
21663 167 145 3592 100 55 34.0
is that at low spins the calculated bands are much more split 14, n.o. 44 17.2
energetically than seen in experiment. A simple explanation 14, n.o. 0 0.05
for that is configuration mixing, in particular with the-2h
states, which are predicted to be yrast in that spin regimel4879 12 103  n.o. 2 131
while the yrast 4 state at 5350 keV is experimentally asso- 1021 2962 100 95 76.7
ciated with band 1. A reduced relative energy between the . 1 no 2 2.5
2p-4h and 4-6h calculations could solve this problem and 18071 14, 1% n.o. 8 101
the fact that configuration mixing would increase the energy 12 31%2 100 70 118
difference between the lowest and second lowest states of a . =& no 23 0.6
given spin and parity. 21663 16 14, no. a4 34.0
The predicted and observed branching ratios are in overall 14 3592 100 55 17.2
good agreement. It has to be taken into account that some of 14, no. 1 0.05
the intense nonobserved branches in practice relate to ve nd 2 N N
weak transitions in the experiment. For example, the pre- 42 23 1488 4013 95 129
dicted 29% branch for the $4- 12; transition in the decay . A& 216 6my 5 11
. 7492 6, 4, n.o. 0 18.7
of the 18071 keV level in band 1 would correspond to a 4 1438 696) 95 298
transition with 0.1% relative intensiticf. Table ). Table II 43 2142 316) o 16
and Figs. 4 and 5 take into account that the predicted branct@,—538 8; 6;* no. 1 3.0

ing ratios for the 16—14; —12;—10, and 1§ —14; 6/ 2046 5015 99 347
; :

—12; —10; sequences describe the observed top of band 1 6 2248  5@15) 1 0.2
equally well. The latter choice, however, is preferred due toj5 10g 107 82 n.o. 1 2.4
the curvature in Fig. 4 and larger in-band transition rétés 85 2570 100 82 101
Table Il). The preference is indicated in the two correspond- 87 n.o. 17 14.6
ing figures by using solid and open symbols, respectively;4 392 127 10 n.o. 1 4.7
The only major discrepancy in Table Il is the decay of the 107 2476 924) 4 29
14392 keV 17 state of band 2. A possible explanation lies 10, 2285 84) 95 80.5
in the closeness of both observed™1@nd predicted g6h 17003 147 1% n.o. 0 0.8
10" states. The interaction with th@-2h structure manifests 125 n.o. 2 2.7
itself experimentally from observation of the 3093, 3537, 127 2611 100 98 475

and 3128 keV transitions connecting bands 1 and 3.
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by a factor of 2 towards high spin, while the corresponding

S 35- number in the case of band 1 is 10. Second, the summed
X | ] neutron occupation of band 3 is 3, while it is around 2 for the
s o5l | other bands. This is illustrated in Fig. 5. Hence, the top of
g band 2 is based on a373' configuration rather than a
3 i | more symmetricv32732 solution, which is proposed for
8 91 band 1.
s oe Band 1
g 05+ o Band 2 ] IV. SUMMARY

0 4 s 12 16 The high-spin excitation scheme dfAr has been ex-

Angular Momentum () tended significantly. The excited states can be grouped ac-

cording to the leading particle-hole character of their wave
FIG. 5. Predicted summed occupancies of spherical netdon fynctjon. Different from the pronounced rotational bands ob-
shells in the two lowest positive-parity deformed bands'%ir. served in the neighboriny=Z nuclei 3Ar [7] and “°Ca[6],
the correspondingptéh structure in®Ar is nonyrast over a
Predicted neutron and proton occupation numbers ofvide spin range and competes with several different configu-
sphericalj shells of the #-6h band 1 reveal results very rations. This gives rise to a considerable amount of configu-
similar to the prediction for the superdeformed band9ar ration mixing within the #-6h bands as well as with the
[7]. Both thef;;, and p3, orbits are active at low and inter- 2p-4h sequence at low spins. This situation is difficult to
mediate spin, which gives rise to the collective behaviorreconcile theoretically. Nevertheless, large-scale shell-model
[16]. Towards higher spins, however, tpg,, shell is emp-  calculations provide a consistent picture for the observed
tied. At the same time, thés;, orbit becomes active, which |evel scheme. Future dedicated lifetime measurements of the
leads to a decrease of collectivity towards the termination aip-6h rotational states are clearly necessary to prove their
spin 1@:. This is in line with a significant reduction of pre- collective character. Such investigations are in progitSk
dicted B(E2) values, which are given in the rightmost col-

umn of Table II.
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