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An experimental study of the 62Zn nucleus has been performed by combining the data sets from
four fusion-evaporation reaction experiments. Apart from the previously published data, the present
results include ten new rotational band structures and two more superdeformed bands. The Gam-

masphere Ge-detector array in conjunction with the 4π charged-particle detector array Microball
allowed for the detection of γ-rays in coincidence with evaporated light particles. The deduced level
scheme includes some 260 excited states, which are connected with more than 450 γ-ray transitions.
Spins and parities of the excited states have been determined via directional correlations of γ-rays
emitted from oriented states. The experimental characteristics of the rotational bands are analyzed
and compared with results from Cranked Nilsson-Strutinsky calculations. The present analysis,
combined with available experimental results in the A ∼ 60 mass region, can be used to improve
the current set of Nilsson parameters in the N = 3 and N = 4 oscillator shells.

PACS numbers: 21.60.Cs, 23.20.En, 23.20.Lv, and 27.40.+z

I. INTRODUCTION

The investigation of high angular momentum states
in atomic nuclei has long been a topical question in nu-
clear structure physics. Here, reliable and comprehensive
high-spin studies of neutron-deficient nuclei in the mass
A ∼ 60 region require extra efforts compared to stud-
ies of heavier nuclei. Especially, the Doppler correction
of the rather high-energy transitions in these nuclei is
a severe challenge. With the combination of advanced
γ-ray and particle-detector arrays such as GAMMAS-
PHERE [1] and Microball [2] these difficulties can be
handled. This resulted in several nuclear structure high-
lights in N ∼ Z, A ∼ 60 nuclei such as, to name but a
few, discrete-energy particle decay-out transitions [3–6],
quests for isospin T = 0 pairing [7, 8], record-high rota-
tional frequencies [9], or ‘complete’ high-spin excitations
schemes comprising co-existing spherical, deformed and
superdeformed states [10, 11].

High-spin collectivity in the A ∼ 60 mass region is
induced by particle-hole excitations across the spherical
shell gap at particle number N = Z = 28. A limited
number of holes in the 1f7/2 sub-shell and excitation of
one or more nucleons into 1g9/2 intruder orbitals above

the 56Ni closed core give rise to nuclear structure phe-
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nomena associated with collective excitations, including
superdeformation [10–18], favored and unfavored band
termination [19, 20, 23], as well as bands with strong
magnetic dipole transitions [21–24]. Unlike in other mass
regimes, almost all high-spin bands in the mass A ∼ 60
region are seen to be connected with the low-spin spher-
ical states in the first minimum of the nuclear potential,
let it be by γ rays or proton- or α-decay lines.
Previously published data on 62Zn includes low- and

medium-spin structures, a superdeformed band, and two
terminating bands [17, 20]. Our most recent study high-
lighted three superdeformed bands together with one
well-deformed band [18]. The present paper may be
viewed as the summarising high-spin spectroscopy study
of 62Zn.
Following this introduction, a brief description of the

experiments and analysis tools is provided in Sec. II. The
results concerning the different structures of the complex
decay scheme are presented in detail in Sec. III. The ex-
perimentally observed states are systematically discussed
in the framework of the cranked Nilsson-Strutinsky ap-
proach in Sec. IV, thereby adding some new information
to the previously published results [17, 18, 20].

II. EXPERIMENTAL DETAILS AND ANALYSIS

PROCEDURES

The results presented in this paper originate from the
combined statistics of four different experiments carried
out at Argonne and Lawrence Berkeley National Labo-
ratories. A brief description is given below. More de-
tailed explanations about the experiments are, for exam-
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FIG. 1: (Color online) Overview of the proposed high-spin level scheme of 62Zn. The structures are labeled according to the
descriptions and discussions in the text. Detailed decay schemes of each structure or band are presented in subsequent figures.
The transitions marked in blue are significant for the linking of well-deformed and superdeformed bands. See Ref. [29] for a
detailed version of the complete excitation scheme of 62Zn.

ple, provided in Refs. [10, 25, 26].
Data set 1: One experiment used the fusion-

evaporation reaction 40Ca(28Si,1α2p)62Zn at a beam en-
ergy of 122 MeV. The target had an isotopic enrichment
of 99.975 % and a thickness of 0.5 mg/cm2. 62Zn nu-
clei were populated with ≈ 30% of the total fusion cross
section. The experimental setup consisted of the Gam-
masphere array (103 Ge detectors at the time of experi-
ment) in combination with the Microball charged-particle
array [2] inside the target chamber. The Heavimet col-
limators were removed from the Ge-detector modules to
provide γ-ray multiplicity and sum-energy measurements
[27] as well as additional channel selectivity based on to-
tal energy conservation requirements [28]. The statistics
from this experiment are denoted as ‘data set 1’. In fact,
data set 1 was the main source used to construct the
level scheme of 62Zn displayed in Fig. 1 and provided
via Ref. [29]. The role of data set 1 is to identify the
normally deformed, low- and high-spin rotational and,
most importantly, superdeformed bands including their
decay-out transitions.
Data set 2: Three Gammasphere experiments have

been performed using the fusion-evaporation reaction

28Si(36Ar,2p)62Zn at a beam energies of about 140 MeV.
Increasingly complex charged-particle detection systems
were employed aiming at high-resolution particle-γ co-
incidence spectroscopy (see, e.g., Refs. [3, 11, 26] for
more details), and arrays of neutron detectors replaced
a number of Ge-detector modules at forward angles. In
all these experiments, the Heavimet collimators were re-
moved. Hence, by applying specific selection criteria on
the data (see below), the combined statistics of these
three experiments (called ‘data set 2’) allowed to add the
highest-spin states of the superdeformed bands – despite
the fact that the relative yield for the production of 62Zn
residues is less than 1% at such high compound nucleus
excitation energies.

An event-by-event kinematical reconstruction of the
momenta of the recoil nuclei [30] was performed for all
four experiments. This allows a more accurate Doppler-
shift correction of the γ-ray energies, leading to a sig-
nificantly improved γ-ray energy resolution. The events
were sorted offline into various Eγ projections, Eγ − Eγ

matrices, and Eγ − Eγ − Eγ cubes subject to appropri-
ate evaporated-particle conditions, including total γ-ray
energy, charged-particle energy, and γ-ray multiplicity
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conditions for the 62Zn reaction channel.
The analysis employed the Radware software package

[31] and the spectrum analysis code Tv [32]. Low inten-
sity or ambiguous transitions were confirmed by specific
γγ matrices, which were preselected by γ rays originating
from a certain rotational band or decay sequence within
the complex 62Zn level scheme. For data set 2, a spe-
cial γγ matrix was created, which focused solely on high-
lying entry states in 62Zn; here, at least 14 detected γ
rays with at least 16.5 MeV total energy and less than
19 MeV particle energy were required, similar to a proce-
dure outlined in Ref. [9]. The level-scheme construction
is based on energy and coincidence relationships, inten-
sity balances and summed-energy considerations.
Assignments of spins and parities of the excited lev-

els were based on the analysis of the 1α2p-gated direc-
tional γγ correlations of oriented states (DCO-ratios).
The Ge-detectors of Gammasphere were grouped into
three ”pseudo” rings called ”30”, ”53”, and ”83”, which
correspond to an average angle for the respective set of
detectors while accounting for γ-ray emission symmetry
with respect to the 90◦-plane perpendicular to the beam.
Matrices for three combinations of the angles were cre-
ated, namely 30-83, 30-53, and 53-83; for instance, for
the latter γ-rays detected at 53◦ were sorted on one axis
and those detected at 83◦ placed on the other axis of the
correlation matrix.
The determination of the most discriminating DCO-

ratios, RDCO(30-83), was attempted for all experimen-
tally observed γ-ray transitions, while special emphasis
was given to pronounced transitions such as, for exam-
ple, those linking the deformed or superdeformed rota-
tional bands to the normally deformed low-spin part of
the 62Zn level scheme. However, due to limited statistics,
the DCO-ratios of some of the γ rays could not be evalu-
ated. The RDCO(30-83)-values were extracted according
to the formula

RDCO =
I(γ1 at 30◦; gated with γ2 at 83◦)

I(γ1 at 83◦; gated with γ2 at 30◦)
, (1)

with I denoting the intensities of γ rays in the respective
γ-ray coincidence spectra.
The DCO-ratios given in Table I were obtained by

using known or in the course of the analysis deduced
stretched E2 transitions as gating transitions (see, for ex-
ample, Refs. [33–35] for the theoretical background and
practical procedures). In this case, for observed stretched
∆I = 2 transitions RDCO(30-83) = 1.0 is expected. For
pure stretched ∆I = 1 transitions, RDCO(30-83) ∼ 0.6.
However, ∆I = 1 transitions can show deviations due to
quadrupole admixtures, i.e., non-zero δ(E2/M1) mixing
ratios. M2 and higher multipole orders than quadrupole
transitions are neglected due to their significantly re-
duced decay probabilities. Non-stretched ∆I = 0 tran-
sitions yield typically RDCO(30-83) = 0.9, i.e. num-
bers similar to stretched E2 transitions. Nevertheless,
since the γ-ray decay path in nuclei populated via fusion-
evaporation reactions follows the yrast line, ∆I = 0 tran-

sitions are rare and usually have small relative intensi-
ties. Moreover, for complex level schemes like the one
proposed for 62Zn, parallel γ-ray decay branches, often
put additional constraints on possible spin- and parity
assignments to the excited states
An analysis of mixing ratios, δ(E2/M1), was per-

formed for several ∆I = 1 transitions based on DCO-
ratios arising from the three different angle combinations.
The phase conservation of Rose and Brink [36] is applied,
and the procedure follows the one outlined in Ref. [35]. In
particular, the alignment coefficients, α2, were estimated
through the relation

α2 = 0.55 + 0.02 ·Ex [MeV],∆α2 = ±0.05 (2)

while limited to a maximum of α2 < 0.90. In case of
non-unique solutions of δ(E2/M1), they are provided in
Table I as either two values or estimates, or as a range
of possible values (cf. Ref. [35]).

III. RESULTS

The level scheme of 62Zn comprises some 260 energy
levels and more than 450 γ-ray transitions. An overview
of the proposed decay scheme of 62Zn is sketched in
Fig. 1. The proposed maximum spin is I = 35 ~ at an
excitation energy of Ex = 42.5 MeV and rotational fre-
quencies in excess of ~ω = 2.0 MeV; numbers comparable
only to 58Ni [9]. Excitation energies, γ-ray energies, rel-
ative γ-ray transition yields, angular correlation ratios,
and multipolarity assignments are listed in Table I. No-
tably, the amount of coincidence statistics combined with
the resolving power of the experimental setup allowed for
unambiguous placements of γ rays with relative yields
down to the level of 10−4 of the most intense transition.
The figure indicates both the low-spin normally de-

formed (ND1-ND9) part of the level scheme, the pre-
viously published two terminating band structures TB1
and TB2 [20], well deformed rotational structures (WD2-
WD11), as well as the recently highlighted three superde-
formed and one well-deformed band structures (SD1-SD3
and WD1) [18]. It includes in addition two more su-
perdeformed band structures (SD4 and SD5). Note that
most ND and WD bands are observed to termination,
and that the notation relates to the theoretical descrip-
tion in Sec. IV.A.
In the following, the different sections of the exten-

sive new decay scheme are introduced and described by
means of representative γ-ray spectra and RDCO-values.
All high-spin bands are connected to the low-spin nor-
mally deformed states by one or several linking transi-
tions. This allows for either firm, but in some cases only
for tentative spin and parity assignments to the lowest
states in the bands. Here, tentative assignments relate
also to relative yields of the different bands, i.e. the aver-
aged relative intensities of the lowest transitions in each
rotational structure before decay out sets in. A typical
rule for fusion-evaporation reactions is that the higher the
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TABLE I: The energies of excited states in 62Zn, the transitions energies and relative intensities of the γ rays placed in the
level scheme, the DCO-ratios of three different angle combinations, the deduced mixing ratios, and the spins and parities of
the initial and final states of the γ rays.

Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf
(keV) (keV) (10−4) XY 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)

ND1-ND7
954.0(3) 953.9(3) 10000(300) 1232 0.93(4) E2 2+b 0+

1804.7(3) 850.9(3) 980(29) 1604 0.93(6) ∆I = 0 2+b 2+

1805.0(5) 851(44) 1604 1.12(9) E2 2+ 0+

2186.2(3) 1231.9(3) 8780(260) 954 1.12(5) E2 4+b 2+

2384.6(3) 580.1(2) 205(6) 1604 0.36(7) 0.57(8) 0.68(5) ≈ 0.15;≈ 2.1 E2/M1 3+b 2+

1430.6(6) 277(14) 1557 0.84(9) 1.05(9) 0.95(8) -0.30(76) E2/M1 3+ 2+

2743.8(3) 359.5(2) 171(5) 1604 0.39(4) 0.74(7) 0.70(5) 0.13(107 ) E2/M1 4+b 3+

557.3(3) 1730(130) 1604 0.80(5)c ∆I = 0 4+ 4+

938.4(4) 987(43) 1604 0.98(5) E2 4+ 2+

3209.9(4) 1023.4(5) 42(5) 1177 0.50(18) E1 3−b 4+

2256.1(16) 12(2) E1 3− 2+

3586.9(4) 843.2(3) 374(19) 1557 0.28(2) 0.58(5) 0.54(4) ≈ 0.39;≈ 1.9 E2/M1 5+b 4+

1202.2(5) 355(18) 1557 1.04(6) E2 5+ 3+

1400.7(11) 8(2) E2/M1 5+ 4+

3707.7(3) 1521.6(4) 6240(190) 954 1.14(5) E2 6+b 4+

4043.2(4) 833.3(3) 56(4) 1177 1.03(19) E2 5−b 3−

1299.4(5) 187(9) 1177 0.63(6) E1 5− 4+

1857.4(7) 598(27) 1232 0.66(4) E1 5− 4+

4231.1(6) 643.9(8) 7(1) ∆I = 0 5+d 5+

1487.1(15) 5(1) E2/M1 5+ 4+

1845.8(17) 8(3) E2 5+ 3+

2044.8(18) 8(1) E2/M1 5+ 4+

4348.2(4) 640.6(2) 360(11) 1522 0.95(8) ∆I = 0 6+b 6+

761.4(2) 261(8) 1202 0.53(6) 0.66(9) 0.73(7) 0.07(108 ) E2/M1 6+ 5+

1604.4(4) 2650(90) 954 1.19(5)c E2 6+ 4+

4535.4(4) 492.4(2) 39(5) ∆I = 0 5− 5−

827.7(4) 57(7) 1522 0.39(11) E1 5− 6+

2349.8(9) 190(14) 1232 0.64(5)c E1 5− 4+

4904.9(4) 369.7(2) 248(7) 1177 0.92(7) E2 7−b 5−

556.9(5) 2480(130) 1522 0.59(3) E1 7− 6+

861.4(3) 259(8) 1177 1.01(11) E2 7− 5−

1196.8(6) 5310(160) 1177 0.57(2) E1 7− 6+

5124.1(4) 219.3(2) 42(3) 1507 0.87(11) ∆I = 0 7−b 7−

775.8(7) 9(1) E1 7− 6+

1080.4(4) 543(22) 1507 1.14(8) E2 7− 5−

1416.8(6) 148(10) 1507 0.53(7) E1 7− 6+

5131.4(5) 1088.0(4) 133(8) 1309 0.32(5) 0.71(8) 0.38(6) 0.1 < δ < 3.1 E2/M1 6−b 5−

5144.0(4) 795.8(3) 113(8) 1604 0.39(9) 0.65(12) 0.58(10) 0.23(3213);2.6(
19
10) E2/M1 7+ 6+

1557.2(6) 324(15) 1072 1.12(10) E2 7+ 5+

5481.4(6) 1773.8(7) 491(34) 1232 1.10(8) E2 8+b 6+

5693.4(8) 1650.9(12) 21(2) 1857 0.94(29) E2 7− 5−

1985.1(16) 17(4) 1522 0.41(17) E1 7− 6+

5878.8(8) 2171.0(9) 35(4) 6+

5910.7(5) 1562.8(9) 6(2) E2 8+d 6+

2203.2(11) 28(3) E2 8+ 6+

6081.7(5) 171.0(3) 17(3) E1 9−b 8+

1176.7(4) 7710(230) 1791 1.03(5) E2 9− 7−

6113.7(5) 981.8(4) 86(7) 1602 1.30(32) E2 8−b 6−

990.2(6) 21(4) 1309 0.62(9) E2/M1 8− 7−

1208.8(5) 626(28) 1309 0.96(5) 1.19(6) 0.86(5) -0.35(5);-2.8(45) E2/M1 8− 7−

6304.5(6) 1160.8(11) 9(4) ∆I = 0 7+d 7+

1954.9(17) 8(1) E2/M1 7+ 6+

2073.0(12) 13(1) E2 7+ 5+

2597.6(17) 13(1) E2/M1 7+ 6+

2716.3(16) 23(1) 1072 0.94(16) E2 7+ 5+
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)
6343.0(7) 1219.0(7) 85(4) 1080 0.31(3) 0.67(5) 0.57(4) 0.22(128 );2.3(6) E2/M1 8− 7−

6444.9(10) 2097.1(12) 45(3) 1604 0.81(34) (E2) (8+) 6+

6631.1(5) 549.6(8) 8(1) ∆I = 0 9−b 9−

720.5(10) 11(1) E1 9− 8+

1507.2(6) 411(21) 1080 1.05(6) E2 9− 7−

6964.8(6) 1085.8(11) 16(3) 9+

1483.3(13) 8(2) E2/M1 9+ 8+

1821.0(10) 74(5) 1557 1.15(8) E2 9+ 7+

7024.3(8) 1331.2(9) 41(5) 1480 0.97(7)c (E2) (9−) 7−

1543.1(13) 18(4) 1774 0.40(10)c (E1) (9−) 8+

7422.4(5) 1340.4(4) 6580(210) 1177 1.05(5) E2 11−b 9−

7422.9(5) 791.7(8) 11(1) 1701 0.44(10) E2/M1 10−b 9−

1309.3(5) 584(37) 1701 0.97(5) E2 10− 8−

1341.4(7) 203(36) 1701 0.94(7)c E2/M1 10− 9−

7444.9(6) 1331.1(9) 14(3) E2/M1 9− 8−

1363.3(5) 29(2) 1639 1.13(12) ∆I = 0 9− 9−

7499.2(8) 2017.8(9) 159(8) 1774 1.03(8) E2 10+b 8+

7739.1(6) 1108.2(4) 108(4) 1080 0.55(6) E2/M1 10− 9−

1396.4(10) 55(3) 1080 0.88(9) E2 10− 8−

7975.6(5) 1011.0(9) 8(1) ∆I = 0 9+b 9+

1531.2(13) 8(1) (E2/M1) 9+ (8+)
1632.6(12) 33(5) 1072 0.66(38) E1 9+ 8−

1670.4(7) 45(2) 1072 1.32(22) E2 9+ 7+

1862.2(13) 24(3) 1072 0.66(7) E1 9+ 8−

1894.2(8) 46(3) 1072 1.01(13) ∆I = 0 9+ 9−

2065.0(18) 17(3) 1072 0.83(14) E2/M1 9+ 8+

2831.9(14) 104(9) 1072 1.16(10) E2 9+ 7+

7985.0(7) 961.0(9) 51(6) 911 0.42(9) (E1) 10+ (9−)
1353.6(12) 9(3) E1 10+ 9−

1902.7(17) 16(5) E1 10+ 9−

8437.1(6) 1806.0(17) 9(2) E1 10+b 9−

2354.9(12) 328(19) 1028 0.67(5) E1 10+ 9−

8480.1(6) 1056.1(6) 25(3) 1340 0.57(15) ∆I = 1 10 11−

1515.3(15) 8(2) ∆I = 1 10 9+

2398.3(17) 14(2) ∆I = 1 10 9−

8489.9(8) 1859.0(11) 121(5) 1080 0.74(5)c (E2)e,f (11−) 9−

9024.6(6) 1601.7(7) 483(37) 1309 1.02(6)c E2 12− 10−

1602.7(8) 211(24) 1701 0.82(5)c E2/M1 12− 11−

9047.9(5) 566.6(6) 27(3) 911 0.68(8) ∆I = 1 11+b 10
610.9(6) 26(3) 911 0.42(12) E2/M1 11+ 10+

1072.2(7) 290(11) 911 1.08(6) E2 11+ 9+

1310.0(8) 50(4) E1 11+ 10−

1625.0(9) 149(6) 911 0.59(4) E1 11+ 10−

1548.6(12) 11(2) 911 0.58(18) E2/M1 11+ 10+

2083.0(18) 13(1) 911 E2 11+ 9+

9083.6(6) 603.2(7) 16(3) 1177 ∆I = 1 11− 10
1638.7(8) 67(5) 1177 0.93(7)c E2 11− 9−

1661.7(10) 35(4) ∆I = 0 11− 11−

3002.1(12) 54(3) E2 11− 9−

9213.8(6) 1791.3(6) 3760(130) 1177 1.08(5) E2 13−b 11−

9464.8(5) 416.9(2) 151(5) 1586 0.44(9)c E2/M1 12+b 11+

974.8(10) 15(3) E1 12+ 11−

1027.6(4) 216(11) 1586 0.90(10) E2 12+ 10+

1479.8(9) 83(6) 1586 0.96(16) E2 12+ 10+

1965.5(18) 9(2) E2 12+ 10+

2042.5(11) 432(18) 1586 0.51(5) E1 12+ 11−

9681.8(11) 1192.7(13) 11(1) E2/M1 12− (11−)
1942.0(14) 18(2) 1080 0.97(17) E2 12− 10−
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)

9822.9(8) 2401.7(9) 290(9) 1724 0.63(6) E1 12+d 11−

9866.0(9) 2442.9(13) 45(1) 1353 0.46(10) E1 11+ 10−

9959.9(6) 495.1(5) 14(2) E2/M1 13+ 12+

911.2(8) 381(18) 1072 1.08(6) E2 13+ 11+

935.7(8) 119(6) 1309 0.72(5) E1 13+ 12−

10374.7(6) 414.8(4) 27(2) 1586 0.44(9)c E2/M1 14+b 13+

909.6(6) 463(19) 1028 1.01(8) E2 14+ 12+

1160.9(5) 2710(90) 1586 0.54(3) E1 14+ 13−

10456.9(13) 1966.9(15) 107(7) 1080 1.12(11) E2 (13−) (11−)
10725.4(7) 1511.6(7) 57(6) 1791 0.59(5) 0.91(8) 0.86(6) -0.11(65) E2/M1 14− 13−

1701.0(9) 292(13) 1309 1.09(6) E2 14− 12−

11546.0(7) 1723.7(7) 112(5) 1340 1.09(6) E2 14+ 12+

2333.1(13) 62(4) 1791 0.53(9) E1 14+ 13−

11786.7(10) 1826.7(9) 348(14) 911 1.07(4) E2 15+ 13+

11961.1(7) 1586.4(5) 2170(70) 1340 1.05(5)c E2 16+b 14+

12046.2(15) 1589.2(13) 32(3) (E2/M1)e,f (14−) 13−

2364.5(19) 9(1) (E2) (14−) 12−

12276.7(8) 1901.8(7) 245(15) 1791 0.35(3) 0.55(6) 0.43(4) 0.26(97); 2.5(
7
6) E2/M1 15+ 14+

12812.4(7) 1266.9(5) 80(5) 1633 0.64(9) E1 15−b 14+

2355.4(20) 6(2) E2 15− 13−

2436.9(9) 482(22) 1340 0.68(4) E1 15− 14+

3597.1(22) 11(1) E2 15− 13−

12831.5(18) 2374.6(14) 25(2) (E2)e (15−) (13−)
13156.3(8) 1610.3(10) 75(4) 1724 1.40(15) E2 16+ 14+

13782.4(9) 1505.6(8) 63(3) 910 1.14(17) E2 17+ 15+

1821.3(5) 283(16) 1586 0.35(3) 0.43(4) 0.45(4) 0.26(97); 1.7(
10
7 ) E2/M1 17+ 16+

14343.9(12) 3618.4(10) 17(2) 1701 0.95(19) (E2) (16−) 14−

14444.9(6) 718.8(3) 112(5) 1396 0.55(6) 0.92(9) 0.96(9) -0.10(76) E2/M1 17−b 16−

1214.2(10) 12(1) E1 17− 16+

1288.8(8) 22(5) E1 17− 16+

1452.1(12) 10(1) E2 17− 15−

1632.8(7) 208(11) 1791 0.91(9) E2 17− 15−

2483.4(12) 492(30) 1586 0.52(3) E1 17− 16+

14567.8(22) 3842.4(21) 22(3) 1701 0.66(9) ∆I = 1 15 14−

14610.5(29) 4235.8(28) 25(5) 14+

15020.7(19) 3059.6(18) 37(2) 1586 0.75(10) ∆I = 1 17 16+

15682.1(25) 3721.0(24) 9(1) 16+

15704.6(7) 1259.6(4) 344(15) 1633 1.04(11) E2 19− 17−

15727.4(19) 1383.5(14) 13(1) 16−

16234.3(33) 4273.2(32) 17(1) 1586 0.58(10) ∆I = 1 17 16+

16413.9(27) 4452.8(26) 13(2) 16+

16874.2(25) 3091.8(23) 11(2) 17+

17035.1(33) 5074.0(32) 11(2) 16+

17400.1(28) 3617.7(27) 8(2) 17+

17665.9(26) 3883.5(25) 19(2) 17+

17748.8(32) 3966.4(31) 9(1) 17+

17843.5(43) 5882.4(42) 3(1) 16+

18020.3(35) 4237.9(34) 12(1) 16+

18592.6(37) 4810.2(36) 9(1) 17+

19177.0(25) 3472.4(24) 12(1) 19−

20781.9(42) 5077.3(41) 5(1) 19−

21189.7(49) 5485.1(42) 4(1) 19−

23024.2(46) 2242.3(19) 3(1)
TB1

10241.9(6) 1761.3(15) 13(2) ∆I = 1 11+b 10
1804.7(15) 14(3) E2/M1 11+ 10+

2742.2(18) 34(4) 1774 1.10(16) E2/M1 11+ 10+
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)
2819.9(19) 27(3) 936 0.97(13) ∆I = 0 11+ 11−

10630.7(6) 388.8(4) 98(4) 1120 0.59(8) 0.93(15) 0.70(9) -0.06(98) E2/M1 12+b 11+

1547.2(6) 243(8) 1120 0.59(5) E1 12+ 11−

1582.6(12) 13(2) E2/M1 12+ 11+

2645.6(21) 12(3) E2 12+ 10+

3132.1(19) 29(3) 1120 1.11(23) E2 12+ 10+

3208.4(18) 63(3) 1120 0.54(8) E1 12+ 11−

11177.9(6) 547.2(2) 505(13) 1353 0.71(4) 0.92(5) 0.79(4) -0.16(4) E2/M1 13+b 12+

936.1(7) 107(5) TB1 0.86(7) E2 13+ 11+

1311.8(9) 33(4) E2 13+ 11+

1712.2(13) 19(4) E2/M1 13+ 12+

2154.0(14) 55(4) 1353 0.43(7)c E1 13+ 12−

11751.2(6) 573.3(2) 448(13) TB1 0.63(5) 0.90(7) 0.80(4) -0.12(54) E2/M1 14+b 13+

1120.0(11) 294(8) TB1 1.29(12) E2 14+b 12+

2286.6(18) 16(3) E2 14+ 12+

2537.4(14) 121(8) 1480 0.59(11)c E1 14+ 13−

12531.6(6) 780.4(3) 537(16) 1120 0.64(5) 1.09(10) 0.82(6) -0.15(65) E2/M1 15+b 14+

1353.3(8) 427(14) 1588 1.01(5) E2 15+ 13+

2156.9(17) 36(5) E2/M1 15+ 14+

13231.1(6) 699.4(3) 501(15) 1353 0.69(4) 0.84(5) 0.73(5) -0.11(54) E2/M1 16+b 15+

1479.6(7) 687(22) 1120 1.04(12) E2 16+ 14+

2856.2(21) 39(4) E2 16+ 14+

14119.1(7) 888.0(4) 296(9) 1480 0.68(7) 0.92(8) 0.85(5) -0.18(65) E2/M1 17+b 16+

1587.7(10) 195(6) TB1 1.28(11)c E2 17+ 15+

2157.7(20) 42(5) 1586 0.74(9)c E2/M1 17+ 16+

15042.7(7) 923.6(5) 233(8) 1588 0.67(6) 1.01(8) 0.81(6) -0.18(5) E2/M1 18+b 17+

1811.3(8) 261(9) 1120 1.26(10) E2 18+ 16+

16365.2(9) 1322.8(9) 181(12) 1811 0.47(6) 0.85(8) 0.76(8) -0.04(6) E2/M1 19+b 18+

2245.3(15) 96(6) 1120 1.15(22) E2 19+ 17+

17582.4(12) 1217.3(11) 65(5) 2245 0.76(12) E2/M1 20+b 19+

2539.7(14) 165(13) 1811 1.10(11) E2 20+ 18+

19498.1(25) 3132.9(23) 26(2) (E2) f (21+) 19+

19773.8(39) 4731.1(38) 8(2) 18+

TB2
11651.3(6) 1021.2(11) 8(3) E1 13−b 12+

2187.0(19) 9(2) E1 13− 12+

2436.1(16) 31(5) ∆I = 0 13− 13−

2626.3(16) 31(2) E2/M1 13− 12−

4228.0(28) 59(6) 1340 1.30(21) E2 13− 11−

12329.2(6) 678.0(3) 143(5) 1396 0.72(6) 0.84(7) 0.90(8) -0.15(5) E2/M1 14−b 13−

1151.6(7) 31(2) 1396 0.42(7) E1 14− 13+

1604.1(13) 16(5) ∆I = 0 14− 14−

2369.4(17) 23(4) E1 14− 13+

3115.2(18) 240(19) 1396 0.93(10) E2/M1 14− 13−

3304.9(14) 11(2) E2 14− 12−

12992.7(6) 663.7(3) 527(16) 1548 0.61(4) 0.88(5) 0.81(5) -0.12(4) E2/M1 15−b 14−

1241.4(7) 105(6) 1548 0.54(6) E1 15− 14+

1341.4(8) 163(51) 1688 1.01(8)c E2 15− 13−

1446.8(10) 14(2) E1 15− 14+

3779.3(29) 18(4) 1791 0.85(18) E2 15− 13−

13726.0(6) 733.5(3) 662(15) 1688 0.60(4) 0.82(5) 0.74(5) -0.07(43) E2/M1 16−b 15−

913.6(5) 57(5) 1688 0.67(8) 0.94(10) 0.96(12) -0.16(6) E2/M1 16− 15−

1193.9(9) 53(8) 1688 0.62(6)c E1 16− 15+

1396.4(7) 634(21) 1688 0.97(7) E2 16− 15−

14540.9(6) 814.9(4) 469(15) 1396 0.64(4) 0.92(5) 0.77(4) -0.14(4) E2/M1 17−b 16−

1309.6(9) 91(5) 2064 0.59(5)c E1 17− 16+

1384.2(10) 21(3) E1 17− 16+
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)
1548.3(7) 581(22) 2064 1.18(15) E2 17− 15−

2580.7(14) 186(7) 2064 0.69(6) E1 17− 16+

15414.1(7) 873.2(4) 312(10) 2064 0.72(4) 0.88(5) 0.77(5) -0.16(4) E2/M1 18−b 17−

969.3(6) 189(6) 2064 0.69(6) 1.08(9) 0.68(7) -0.19(10);−6.8(1353) E2/M1 18− 17−

1295.0(8) 67(5) E1 18− 17+

1688.4(7) 706(25) 2064 0.96(4) E2 18− 16−

16372.7(7) 959.0(5) 359(16) 1688 0.77(7)c 0.86(8) 0.84(8) -0.19(87) E2/M1 19− 18−

1329.6(9) 37(3) E1 19− 18+

1831.4(8) 506(16) TB2 1.15(10) E2 19− 17−

1927.6(10) 222(8) 1633 1.14(10) E2 19− 17−

17477.8(8) 1105.1(6) 345(13) 1688 0.69(13) E2/M1 20−b 19−

1112.6(12) 9(1) E1 20− 19+

2063.8(10) 503(17) TB2 1.00(8) E2 20− 18−

18502.0(9) 1024.6(6) 101(5) 2064 0.85(6) 0.82(6) 0.67(5) -0.18(9) E2/M1 21−b 20−

2129.1(11) 437(14) TB2 1.04(10) E2 21− 19−

19676.4(10) 1174.8(6) 99(6) TB2 c E2/M1 22−b 21−

2197.0(13) 171(8) TB2 1.03(11) E2 22− 20−

20026.7(24) 3654.2(30) 15(2) 19−

4321.8(37) 5(2) 19−

21036.8(11) 1360.2(5) 72(4) TB2 0.53(7)c E2/M1 23−b 22−

2535.0(13) 163(6) TB2 0.98(14) E2 23− 21−

21196.7(32) 3719.2(31) 21(1) TB2 0.61(19) ∆I = 1 21 20−

21316.1(30) 3838.3(29) 24(2) TB2 0.73(10) ∆I = 1 21 20−

21401.3(30) 3923.5(29) 35(2) TB2 0.96(10) (E2) (22−) 20−

22741.3(41) 4239.3(40) 10(2) 21−

22822.4(34) 4320.4(33) 15(2) 21−

23079.2(27) 3402.7(25) 21(2) 22−

23179.0(16) 2142.2(16) 27(2) E2/M1 24−b 23−

3502.7(21) 65(5) TB2 1.33(19) E2 24− 22−

23184.2(39) 4682.2(38) 8(2) 21−

23407.8(44) 4905.8(43) 6(1) 21−

23761.3(45) 5259.3(44) 4(1) 21−

24307.7(38) 4631.2(37) 18(2) TB2 1.26(14)c (E2) (24)− 22−

25438.1(40) 4401.3(38) 5(1) 23−

25660.2(33) 4623.4(26) 20(3) TB2 1.16(15) E2 25− 23−

25880.1(38) 4843.3(36) 11(1) 23−

25989.4(41) 4952.7(39) 8(1) 23−

26227.9(43) 5191.1(41) 8(1) 23−

WD1
14644.6(14) 2858.3(20) 22(3) E2/M1 16+d 15+

14831.2(13) 3043.5(21) 24(4) E2/M1 16+d 15+

15040.3(12) 3494.8(25) 7(1) E2 16+d 14+

16469.8(16) 4508.6(28) 29(2) 1586 0.86(18) E2d 18+ 16+

16715.2(11) 1675.3(11) 20(2) E2 18+ 16+

1883.7(10) 28(3) WD1a 1.27(10) E2 18+ 16+

2070.7(12) 51(3) 2180 1.11(13) E2 18+ 16+

2270.5(17) 11(1) E2 18+ 16+

4752.4(38) 13(2) WD1a 1.36(18) E2 18+ 16+

16817.4(12) 1776.9(8) 65(4) WD1b 1.04(14) E2 18+ 16+

1832.7(9) 38(3) 18+

2372.7(19) 12(1) E1 18+ 17−

4856.4(32) 13(2) E2 18+ 16+

18677.3(12) 1859.7(10) 105(5) WD1b 0.90(7)c E2 20+ 18+

1962.3(11) 97(4) WD1b 1.09(10) E2 20+ 18+

2207.0(18) 9(2) E2 20+ 18+

2972.8(25) 8(2) E1 20+ 19−

20857.1(17) 2179.8(12) 195(7) WD1b 1.04(10) E2 22+ 20+

23341.7(22) 2484.6(14) 185(6) WD1b 0.95(10) E2 24+ 22+
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)
26173.9(30) 2832.2(20) 85(4) WD1b 0.94(9) E2 26+ 24+

29473.7(40) 3299.8(26) 35(3) WD1b 1.17(17) E2 28+ 26+

33360.4(50) 3886.7(31)g 11(2) (E2)f (30+) 28+

33790.5(52) 4316.8(34)g 9(2) (E2)f (30+) 28+

WD2
13964.4(13) 3589.7(17) 41(3) 910 1.46(37) (E2) (16+) 14+

14489.4(11) 4114.2(30) 12(1) 1791 0.69(15) E1 15− 14+

5275.0(35) 9(1) E2 15− 13−

15081.2(9) 2269.2(14) 16(2) E2/M1 16− 15−

2803.9(17) 17(1) E1 16− 15+

4355.4(26) 38(2) 1701/1602 1.06(9) E2 16− 14−

15750.2(8) 668.9(6) 17(2) E2/M1 17− 16−

1260.7(8) 78(6) 1966 1.09(10) E2 17− 15−

1306.0(11) 15(1) ∆I = 0 17− 17−

1785.7(14) 13(1) (E1) 17− (16+)
2518.6(17) 21(3) E1 17− 16+

3788.7(22) 23(1) 1586 0.49(9) E1 17− 16+

16500.7(9) 750.6(6) 11(1) E2/M1 18− 17−

1419.6(10) 98(9) WD2b 1.01(15) E2 18− 16−

17338.8(9) 838.2(5) 19(2) 1966 0.83(14) E2/M1 19− 18−

1587.5(9) 109(8) 1966 1.00(5)c E2 19− 17−

18240.6(14) 2535.1(16) 41(3) 1260 0.43(6) E2/M1 20− 19−

18286.9(10) 948.1(10) 7(2) E2/M1 20− 19−

1786.3(9) 161(9) WD2b 1.10(8) E2 20− 18−

2581.8(15) 42(3) 1260 0.75(10) E2/M1 20− 19−

19305.1(11) 1018.9(11) 9(1) E2/M1 21− 20−

1966.4(10) 173(7) WD2a 1.10(10) E2 21− 19−

20442.0(12) 1136.8(11) 7(2) E2/M1 22− 21−

2155.4(13) 172(7) WD2b 1.00(10) E2 22− 20−

2201.6(17) 31(2) WD2b 0.98(8) E2 22− 20−

21682.5(14) 1240.5(13) 6(2) E2/M1 23− 22−

2377.3(13) 117(5) WD2a 0.94(9) E2 23− 21−

23072.1(16) 1388.4(14) 12(2) E2/M1 24− 23−

2630.2(15) 162(8) WD2b 1.04(10) E2 24− 22−

24607.1(22) 2924.6(17) 95(5) WD2a 1.21(11) E2 25− 23−

26323.4(24) 3251.3(18) 77(4) WD2b 0.90(9) E2 26− 24−

28229.7(40) 3622.6(33) 18(2) WD2a 1.00(10) E2 27− 25−

30508.3(44) 4185.0(37) 5(1) (E2)f (28−) 26−

WD3
15076.7(11) 1580.1(18) 11(2) (E2) f 17− (15−)

2264.7(17) 8(2) E2 17− 15−

3116.2(18) 33(2) 1586 0.67(7) ∆I = 1 17− 16+

16901.4(11) 1196.0(13) 9(3) ∆I = 0 19− 19−

1824.7(11) 95(4) WD3 0.92(8)c E2 19− 17−

2456.2(20) 15(4) E2 19− 17−

19093.2(16) 2192.0(12) 101(5) WD3 0.97(10) E2 21− 19−

21687.0(22) 2593.8(14) 75(4) WD3 1.17(8) E2 23− 21−

24725.6(28) 3038.6(18) 39(3) WD3 1.03(16) E2 25− 23−

28555.1(42) 3829.5(31) 7(2) (E2)f (27−) 25−

WD4 and WD5
15281.3(14) 2050.6(17) 8(1) 2208 0.66(12)c E2/M1 17+ 16+

3495.4(29) 7(1) WD5 1.22(26) E2 17+ 15+

15407.6(18) 3618.7(30) 4(1) E2d 17+ 15+

15716.2(18) 3438.8(28) 6(1) E2d 17+ 15+

3754.6(29) 5(1) E2/M1d 17+ 16+

3930.4(31) 8(1) E2d 17+ 15+

17488.7(16) 2080.8(11) 13(2) E2d 19+ 17+

2207.9(14) 24(4) WD5 0.93(14) E2 19+ 17+
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)

17696.8(18) 1980.6(11) 16(2) E2d 19+ 17+

18516.4(25) 4734.0(28) 13(2) WD4 1.20(25) E2 19+ 17+

20086.2(17) 2389.4(14) 26(2) WD5 0.98(12) E2 21+ 19+

2597.4(13) 34(3) WD5 0.95(19) E2 21+ 19+

20432.2(26) 1915.8(11) 52(4) WD4 0.99(19) E2 21+ 19+

20658.4(25) 1933.7(13) 17(4) (E2)f 21+ (19+)
22567.7(28) 2135.5(14) 34(3) WD4 1.06(10) E2 23+ 21+

22794.2(23) 2135.9(15) 6(2) 23+ 21+

2173.8(11) 22(2) (E2)f 23+ (21+)
2707.8(22) 30(2) WD5 0.96(15) E2 23+ 21+

22865.9(23) 2207.3(15) 42(5) 2472 0.99(18) E2 23+ 21+

2780.1(24) 19(2) WD5 1.29(40) E2 23+ 21+

25145.1(29) 2577.4(16) 16(2) WD4 1.04(19) E2 25+ 23+

25338.4(23) 2472.4(13) 28(3) 2208 1.08(18) E2 25+ 23+

2544.2(12) 45(3) WD5 0.94(19) E2 25+ 23+

28205.4(28) 2867.1(24) 29(3) WD5 0.98(14) E2 27+ 25+

3060.4(25) 6(2) E2 27+ 25+

31542.3(40) 3336.9(29) 9(2) (E2)f (29+) 27+

35338.3(55) 3796.0(38)g 2(1) (E2)f (31+) (29+)
WD6 and WD7

15870.4(20) 3908.9(31) 4(1) (E1) (17−) 16+

16102.1(16) 2870.8(22) 7(2) E1d 17− 16+

4141.0(29) 17(2) 1586 0.51(10) E1 17− 16+

17579.3(19) 1709.1(17) 9(2) (E2)f 19− (17−)
3134.4(26) 18(4) 2178 1.08(31) E2 19− 17−

17764.5(17) 1662.4(10) 60(4) WD6 1.15(10) E2 19− 17−

19486.3(19) 3780.8(25) 29(3) 1260 1.19(27) E2 21− 19−

19757.7(19) 2178.6(13) 45(4) WD5 1.14(10) E2 21− 19−

19778.1(18) 2013.5(13) 72(5) WD6 1.12(11) E2 21− 19−

22127.6(18) 2349.5(13) 33(2) WD6 1.13(13) E2 23− 21−

2370.0(11) 40(3) WD5 1.13(7) E2 23− 21−

2640.7(22) 7(2) E2 23− 21−

22243.9(19) 2465.7(14) 43(3) WD6 1.08(17) E2 23− 21−

2486.8(21) 3(1) E2 23− 21−

2757.4(23) 6(2) E2 23− 21−

24913.1(24) 2785.5(16) 58(4) WD5 0.93(14) E2 25− 23−

25162.4(26) 2918.5(17) 32(2) WD6 0.86(13) E2 25− 23−

28369.4(35) 3456.4(25) 23(3) WD5 1.27(46) (E2) (27−) 25−

28745.6(42) 3583.1(33) 5(2) (E2)f (27−) 25−

WD8
17646.1(39) 1850.2(16) 11(2) (E2)f (18+) (16+)

5685.0(38) 6(1) (E2)e (18+) 16+

19702.5(41) 2056.4(14) 53(6) WD7 1.16(16)c E2 (20+) (18+)
22029.9(44) 2327.0(15) 43(4) WD7 1.18(10)c E2 (22+) (20+)
24692.2(47) 2662.3(18) 30(2) WD7 1.04(26) E2 (24+) (22+)
27763.7(55) 3071.5(28) 7(1) (E2)f (26+) (24+)

WD9
16368.8(46) 2047.7(20) 8(2) (17)f

16443.2(39) 4482.1(38) 5(2) ∆I = 1e (17) 16+

18505.0(43) 1828.0(17) 12(2) (19)
2061.8(19) 11(2) (E2)f (19) (17)
2136.2(16) 18(2) (E2)f (19) (17)
4061.4(33) 4(2) (E2)f (19) 17−

20850.4(47) 2345.4(19) 31(2) (E2)f (21) (19)
23466.0(52) 2615.6(22) 27(2) (E2)f (23) (21)
26460.6(57) 2994.6(17) 14(1) (E2)f (25) (23)
29817.1(65) 3356.4(32) 4(1) (E2)f (27) (25)
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)
WD10

14430.4(21) 4055.0(27) 48(4) 910 1.46(37) (E2)e (16+) 14+

16323.9(22) 1893.4(11) 18(2) (E2)f (18+) (16+)
18759.4(21) 2290.1(20) 7(1) (E2)f (20+) 18+

2435.3(15) 15(2) (E2)f (20+) (18+)
21403.6(29) 2644.2(20) 14(1) (E2)f (22+) (20+)
21468.4(30) 2709.0(21) 7(2) (20+)
23625.4(34) 2221.8(18) 11(2) (22+)

WD11
15829.8(24) 3869.0(27) 30(2) 1586 0.68(15) ∆I = 1 17 16+

17453.7(27) 1623.9(13) 16(2) 17
19677.0(33) 2223.3(19) 12(3)

SD1
17365.1(18) 3638.7(33) 5(1) E2 18− 16−

17407.5(16) 2962.9(28) 6(1) SD1 0.74(22) E2/M1 18− 17−

3682.0(34) 3(1) E2 18− 16−

19399.9(15) 1891.3(15) 12(1) (E2)f 20− (18−)
1992.5(14) 18(1) SD1 E2d 20− 18−

2034.7(14) 15(2) E2d 20− 18−

2081.7(17) 9(1) (E2)f 20− (18−)
3027.4(24) 8(2) E2/M1 20− 19−

3984.9(31) 11(1) SD1 1.12(39) E2 20− 18−

21614.3(16) 2014.9(13) 13(2) (E2)f 22− (20−)
2214.4(9) 106(8) SD1 0.99(13) E2 22− 20−

24053.6(18) 2439.3(10) 131(7) SD1 0.92(6)c E2 24− 22−

4377.1(34) 7(1) E2 24− 22−

26743.4(22) 2689.9(12) 81(6) SD1 0.99(10) E2 26− 24−

29682.3(28) 2938.8(18) 28(2) SD1 0.85(13) E2 28− 26−

32916.3(38) 3234.0(25) 7(2) (E2)f (30−) 28−

36496.1(49) 3579.8(31)g 5(1) (E2)f (32−) (30−)
40454.4(61) 3958.3(37)g 3(1) (E2)f (34−) (32−)
40729.8(63) 4233.7(40)g 2(1) (E2)f (34−) (32−)

SD2 and SD5

18414.6(17) 1842.0(13) 6(1) (E2)f 19(−) (17−)

2093.2(16) 4(1) (∆I = 1) 19(−) (18+)

3002.9(26) 5(1) (E2/M1) 19(−) 18−

20472.3(18) 2057.8(12) 31(5) SD2 1.02(21) E2 21(−) 19(−)

2994.0(30) 6(1) SD2 0.61(20) ∆I = 1 21(−) 20−

22781.5(19) 2309.2(14) 45(4) SD2 0.98(20) E2 23(−) 21(−)

3105.5(29) 9(1) ∆I = 1 23(−) 22−

23027.9(25) 4525.3(35) 24(2) TB2 1.11(10) E2 23− 21−

25346.2(22) 2564.8(14) 50(5) SD2 1.06(7) E2 25(−) 23(−)

25478.1(25) 2450.1(13) 18(2) (E2)f (25−) 23−

28161.8(25) 2683.7(19) 5(2) (E2) 27(−) (25−)

2815.7(18) 26(3) SD2 0.85(22) E2 27(−) 25(−)

28243.9(25) 2765.6(17) 7(2) (E2)f (27−) (25−)

2897.7(21) 7(1) (E2)f (27−) 25(−)

31212.0(29) 2967.8(22) 3(2) (E2)f (29−) (27−)

3050.6(23) 10(2) (E2)f (29−) 27(−)

31396.8(34) 3152.9(23) 8(2) (E2)f (29−) (27−)
34599.6(39) 3387.6(26)g 3(1) (E2)f (31−) (29−)
38365.0(51) 3765.4(34)g 2(1) (E2)f (33−) (31−)
42517.6(65) 4152.6(39)g 1(1) (E2)f (35−) (33−)

SD3
15294.2(16) 2138.0(15) 13(2) E2 18+d 16+

17349.6(28) 1867.9(11) 31(3) SD3 0.90(20) E2 18+ 16+

5387.9(41) 17(2) SD3 0.96(18) E2 18+ 16+
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TABLE I: Continued.
Ex Eγ Irel Gatea RDCO δ(E2/M1) Mult. Iπi Iπf

(keV) (keV) (10−4) 30◦-83◦ 30◦-53◦ 53◦-83◦ Ass. (~) (~)
19476.4(28) 2126.8(12) 75(5) 2375 0.92(9) E2 20+ 18+

4183.5(31) 7(1) E2 20+ 18+

21851.1(30) 2374.7(12) 77(6) SD3 1.04(10) E2 22+ 20+

24467.5(33) 2616.4(14) 52(4) SD3 1.00(9) E2 24+ 22+

27316.0(37) 2848.5(17) 23(3) SD3 1.27(14) E2 26+ 24+

30433.7(43) 3117.7(21) 10(1) SD3 0.86(24) E2 28+ 26+

33796.9(50) 3363.2(25) 3(1) SD3 (E2)f (30+) 28+

SD4
21602.3(47) 5897.7(46) 3(1) (E2)e (21−) 19−

23273.6(52) 2175.6(18) 17(3) (22)
23376.4(49) 1551.8(13) 17(2) (22)

1774.1(12) 12(2) SD4 0.59(8) ∆I = 1 (22) (21−)
25401.8(50) 2025.4(13) 41(3) SD4 1.19(19) E2 (24) (22)

2128.2(13) 38(4) SD4 1.23(12) E2 (24) (22)
27717.2(52) 2315.4(14) 97(5) SD4 1.13(13) E2 (26) (24)
30369.5(56) 2652.3(19) 58(4) SD4 0.90(13) E2 (28) (26)
33457.8(61) 3088.3(24) 21(3) (E2)f (30) (28)
36896.3(68) 3438.4(32)g 6(2) (E2)f (32) (30)

aGate on the transitions TB1: sum of 936, 1120, 1353, 1480, 1811 and 2245 keV; TB2: sum of 1396, 1548, 1688, 1831, 2064
and 2129 keV; WD1a: sum of 1962 and 2180 keV; WD1b: sum of 1860, 1962, 2180, 2485 and 2832 keV; WD2a: sum of 1261,
1588, 1966 and 2377 keV; WD2b: sum of 1420, 1786, 2155 and 2630 keV; WD3: sum of 1825, 2192, 2594 and 3039 keV; WD4:
sum of 1916, 2136 and 2577 keV; WD5: sum of 2208, 2389, 2472, 2545, 2597 and 2708 keV; WD6: sum of 2179, 2370 and
2786 keV; WD7: sum of 1662, 2014 and 2466 keV; WD8: sum of 2056, 2327 and 2662 keV; SD1: sum of 1992, 2214, 2439 and
2690 keV; SD2: sum of 2058, 2309, 2565 and 2816 keV; SD3: sum of 2127, 2375, 2616 and 2848 keV; SD4: sum of 1552, 2025,
2315 and 2652 keV.
bTaken from or in accordance with published data.
cDoublet structure.
dFixed due to a stretched E2 cascade.
eBased on yrast arguments.
fBased on regular rotational structure.
gTransitions from data set 2.

average yield of a structure the more yrast the cascade is.
Tentative spin and parity assignments to the states near
the top of the bands are based on their regular rotational
behavior.

A. The normally deformed region

Figure 2 provides the low-spin normally deformed
(ND) part of the level scheme. In addition to the known
low-spin ”skeleton” marked ND1, ND2, ND3, and ND6,
a rather irregular structure ND5, a band-like structure
ND4, and a relatively intense extension of the medium-
spin 62Zn structures ND7, ND8 and ND9 are suggested.
The proposed ND parts, i.e. Fig. 2 and the associated
first three pages of Table I, are consistent with previous
studies [37–40], but extend them noticeably. A brief sum-
mary of the results is given below, while a more complete
analysis can be found in Ref. [41].
The structures ND1 and ND2 mark the well-estabished

positive-parity ”backbone” of the level scheme of 62Zn
with the yrast and yrare I = 0, 2, 4, 6 ~ cascades. ND2
is accompanied by a signature α = 1 sequence of I =

3, 5, 7 ~ states with E2 transitions amongst them and
mixed E2/M1 transitions connecting to the even-spin
states of ND2.

At some 5 MeV excitation energy, the yrast line is
determined by the negative-parity sequence ND3, which
comprises nearly degenerate signature α = 1 (favored in
energy) and signature α = 0 (unfavored) sequences up to
spin I = 14 ~ and Ex . 11 MeV. Hence, in the range
Ex ∼ 5-9 MeV the γ-ray flux amongst positive-parity
states becomes more and more fragmented and rather ir-
regular (ND5). Apart from the 1774-keV, 8+ → 6+ tran-
sition, the relative yield of all such γ-rays is on the level
of a percent or less. Here, the 4231-keV, 5+ state in ND5
is a good example for a definite assignment of spin and
parity despite the lack of angular correlation data of both
feeding or depopulating transitions; the fact that only a
stretched E2 1670-2072-1846-keV γ-ray cascade can con-
nect the known 7976 keV, 9+ (ND6) and 2385 keV, 3+

(ND2) levels ensures the 5+ label of the 4231-keV state.

The structures ND1, ND2, ND3, and ND5 are con-
nected with the somewhat more regular positive-parity
sequence ND6, which terminates in the yrast 11787-keV,
15+ (newly observed) and 11961-keV, 16+ levels. The
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FIG. 2: (Color online) Normally deformed region of the proposed level scheme of 62Zn. Energy labels are in keV. See text for
details.

latter decays via the 1586-1161-keV, E2-E1 cascade to-
wards the 9214-keV, 13− yrast state of ND3. These two
γ rays mark the end of transitions with relative intensi-
ties in excess of 10%. Thus, in particular the 1586-keV
E2 line is a valuable source for assessing DCO-ratios of
many of the weak connections (cf. Figs. 1 and 2) towards
the rotational bands.

Next to ND6, the previously unobserved three γ-ray
transitions at 1506, 1821, and 1902 keV lead to the yrast
17+ state at 13782 keV, which terminates this ND7 se-
quence. The DCO-ratios of both the 1821- and 1902-keV
lines clearly point at mixed E2/M1 character, while the
number available for the 1506-keV transition is consistent
with a stretched E2 assignment. It is also interesting to
note that the δ(E2/M1) mixing ratios for the 1821 and
1902 keV transitions are very similar; either moderate
(δ ≈ 0.3) or significant (δ ≈ 2.0) quadrupole mixture
is seen. Similar to the 11961-keV, 16+ state, the 13782-
keV level is also fed by several 3-5 MeV high-energy γ-ray
transitions.

The newly identified structure ND4 consists of two sig-
nature partner sequences of negative parity. At the bot-

tom, ND4 is energetically located 200-300 keV above the
yrast negative-parity cascade ND3. The larger level spac-
ing of ND4 compared to ND3 leads to an increasing yrare
character, manifesting in quickly decreasing yields of the
transitions found to belong to ND4. The 7− spin-parity
assignment to the band head of ND4 is suggested by the
stretched E2 character of the 1080 keV connection to
the 4043-keV 5− state of ND3 and the ∆I = 1 type of
the 1417-keV decay into the yrast 6+ level at 3708 keV
(ND1). With the help of the distinct mixed ∆I = 1
character of the 1219-keV transition [RDCO = 0.31(3),
δ ≈ 0.2 or δ ≈ 2.0], the 8− assignment of the 6343-keV
level can be easily established. The spin-parity assign-
ments along the band follow the derived DCO-ratios and
are based the rotational-like behavior towards the top of
ND4.

Several γ-ray cascades lead to the yrast 19− state at
15705 keV which is considered as a part of the structure
labeled ND9. The 1260-1633-2437-keV and 1260-2483-
1586-keV branches into the yrast 14+ state at 10375 keV
are in accordance with Ref. [20], while the decay paths via
the positiv-parity states at 13156, 11546, and 9823 keV
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into the yrast 11− level at 7422 keV are newly established
and form a sequence labeled ND8. The DCO-ratios of
the 2402-keV, 12+ → 11− and 1267-keV, 15− → 14+

transitions are in agreement with stretched dipole transi-
tions. The connections of ND8 and ND9 to various other
structures of the complete level scheme [cf. Fig. 1] con-
strain the parities of the concerned states; for example,
the plain existence of the 3598-keV E2 branch from the
12812-keV state calls for its negative-parity assignment.

B. The terminating bands TB1 and TB2

TB1 and TB2 are previously known [20] terminating
bands. The present results are consistent with the earlier
data, but contain some additional information [41].
In brief, structure TB1 comprises two bands TB1a and

TB1b, which are signature partners. The bands consist
of about equally intense E2 transitions and connecting
E2/M1 transitions, on the level of some 5% relative yield.
The latter all have noticable mixing ratios on the level
of δ(E2/M1) ∼ −0.1-0.2 (cf. Table I). In Ref. [20], posi-
tive parity was tentatively assigned to the states in TB1.
Current results confirm the parity of TB1a and TB1b by
several linking transitions, which are connected to the es-
tablished low-spin region. The fact that the spin I = 12 ~
10631-keV state decays into established 10+, 11+, and
11− states in the ND regime leaves, in conjunction with
the DCO ratios of some of the corresponding transitions,
only room for a positive-parity assignment. Similarly,
the extended decay pattern of the 13+, 11178-keV level
supports this assignment. The maximum spin of TB1 is
Iπ = 21+ ~ at Ex = 19.5 MeV for structure TB1a (sig-
nature α = 1) and Iπ = 20+ ~ at Ex = 17.6 MeV for
structure TB1b (signature α = 0).
Structure TB2 consists also of two signature partner

bands with about equally intense E2 transitions inside
each signature band and E2/M1 transitions between
them. Similar to TB1, the relative yield of transitions
is on average some 5%, not least because TB2 turns out
to be yrast in the spin range I ∼ 20-23 ~. Previously un-
observed weak transitions connect TB2 with TB1, and
in line with the arguments given above, the complex
decay pattern of primarily the I = 14 12329-keV and
I = 15 12993-keV states, combined with DCO-ratios of
some of the corresponding transitions, leads to a definite
negative-parity assignment of TB2 [41]. This assignment
is underpinned with the 969-719-914 bypass between TB2
and ND9 as well as the relatively intense 1928-keV E2
transition connecting the 16373-keV level in TB2 with
the 14445-keV level associated with ND9.
The spin ranges up to Iπ = 23− ~ at Ex = 21.0 MeV

for structure TB2a (signature α = 1) and Iπ = 24− ~ at
Ex = 23.2 MeV for structure TB2b (signature α = 0).
In addition, there are some 15 isolated states observed
which, though seemingly not giving rise to any band-like
structure, decay into TB2 via high-energy γ-ray transi-
tions in the range Eγ ∼ 3.4-5.3 MeV.

FIG. 3: (Color online) Decay scheme of band WD2 of the
level scheme of 62Zn. Energy labels are in keV and tentative
levels and transitions are dashed. The widths of the arrows
correspond to the relative intensities of the γ rays. Relevant
transitions of the ND scheme are marked in blue.

C. The band WD1

This band has been introduced in Ref. [18]. Even spins
and positive parity have been established, with the band
covering a spin range of I = 16-30 ~ and an energy range
of Ex ∼ 15-34 MeV. Below the 20+ 18677-keV level, the
band forks into several branches and connects mainly to-
wards the 16+ yrast state at 11961 keV (ND6). Here, an
additional two-step link towards the 20+ 18677-keV level
in WD1 is established via a 4509-2207-keV cascade.

D. The band WD2

WD2 is the only well-deformed coupled band in the
decay scheme of 62Zn. It consists of two signature partner
sequences illustrated in Fig. 3. The signature α = 1
sequence (WD2a) on the left hand side of Fig. 3 covers
the spin range I = 15-27 ~, and the signature α = 0
sequence (WD2b) I = 16-28 ~, lying roughly between 15
and 30 MeV excitation energy. The topmost transition
in WD2b at 4185 keV is very weak and only tentatively
place based on the analysis of the γγγ cube.
The relative yields of the in-band quadrupole transi-

tions amount to some 1-2%, while the interlinking dipole
transitions are about one order of magnitude less intense.
The former are observed with good statistics in the spec-
tra displayed in Fig. 4(a) (WD2a) and 4(b) (WD2b). The
most intense dipole connection at 838 keV is highlighted
in the inset of Fig. 4(b), which is a γ-ray spectrum in coin-
cidence with the low-lying E2 transitions in WD2b (1420
or 1786 keV) and the high-lying E2 transitions in WD2a
(1966, 2377, or 2925 keV). The 21− → 20− connection
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FIG. 4: (Color online) Set of γ-ray spectra related to band
WD2. (a) Sum of γ-ray spectra in coincidence with any com-
bination of one of the 1261, 1588, and 1966-keV transitions
and one of the 1261, 1588, 1966, 2377, 2925, and 3623-keV
transitions placed in WD2a. The inset shows the high-energy
part of the spectrum. (b) WD2b is displayed by the sum
of γ-ray spectra in coincidence with any combination of one
of the 1420, 1786, 2155, and 2630-keV transitions and one of
the 1420, 1786, 2155, 2630, and 3251-keV transitions with the
spectrum in black. The gray spectrum is in coincidence with
one of these four band members and the 4355-keV decay-out
transition. The inset shows the low-energy part of a spectrum
in coincidence with the 1420 or 1786-keV transitions belong-
ing to WD2b and the 1966, 2377, or 2925-keV transitions
placed in WD2a. Energy labels are in keV, and blue labels
or filled circles indicate transitions belonging to the ND part
of the 62Zn level scheme. The peaks marked with stars indi-
cate quadrupole transitions of WD2b in part (a) and WD2a
in part (b). The binning is 4 keV per channel for all spectra.

at 1018 keV is also weakly seen. Indirect evidence for the
dipole connections are the weak but visible peaks at en-
ergies corresponding to quadrupole transitions of WD2b
in the spectrum focusing on WD2a and vice versa. These
are marked with stars in Fig. 4.

WD2 is linked into several parts of the medium-spin
level scheme of 62Zn: connections are observed into ND3,
ND6, ND7, ND9, as well as a 2519-keV transition be-
tween the 15750-keV state in WD2a and the 13231-keV
state in TB1 (not included in Fig. 3 for claritity). Start-
ing with WD2a, a rather intense transition at 3789 keV
connects the 15750-keV state with the yrast 16+ state
at 11961 keV. The DCO-ratio of this transition points
at dipole character, i.e. the level at 15750 keV has spin

I = 17 ~, likewise the weaker 4114-keV conncetion be-
tween the yrast 10375-keV 14+ state of ND6 and the
14489-keV state in WD2a. Since this state also decays
via a 5275-keV γ line into the yrast 13− level at 9214 keV
(ND3), the negative parity assigment to WD2 becomes
mandatory. Furthermore, the E2 character of the rela-
tively intense 4355-keV link between the lowest state in
WD2b and the 10725-keV 14− level in ND3 confirms the
negative-parity assignment.
Coincidences with the 4355-keV transition and any

of the four lower members of WD2b are illustrated by
the gray spectrum in Fig. 4(b). The WD2b quadrupole
transtions up to the 3251-keV line are visible with de-
creasing yield. In particular a peak at 1701 keV is clearly
observed, which corresponds to the 14− → 12− transi-
tion in ND3. Together with a similarly clean spectrum
of the above mentioned 3789-keV link, both energetic po-
sitioning and spin-parity assignments of WD2 are simple.
Moreover, the parallel 2804-1902-keV and 2289-2437-keV
sequences connect the 15081-keV level in WD2b with the
10375-keV yrast state via levels associated with ND7 and
ND9, respectively. The corresponding peaks are clearly
seen in Fig. 4(b). Similarly, 2582- and 2202-keV transi-
tions form E2 connections between WD2b and ND9.

E. The band WD3

Figures 5 and 6 show the results of band WD3. A se-
quence of six E2 transitions at 1580 (tentative), 1825,
2192, 2594, 3039 and 3830 keV is observed on top of the
13497-keV state. The relative yield of the central part
of WD3 amounts to about 1%. The main and rather in-

FIG. 5: (Color online) Decay scheme of band WD3 of the
level scheme of 62Zn. Energy labels are in keV and tentative
levels and transitions are dashed. The widths of the arrows
correspond to the relative intensities of the γ rays. Relevant
transitions of the ND scheme are marked in blue.
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FIG. 6: (Color online) Gamma-ray spectra related to band
WD3. (a) The spectrum is in coincidence with any combina-
tion of two out of the four main members of the band at 1825,
2192, 2594, and 3039 keV. The inset shows the high-energy
part of the spectrum. (b) The spectrum is in coincidence with
the 3116-keV linking transition and any of the three band
members at 2192, 2594, and 3039 keV. Energy labels are in
keV, and blue labels or filled circles indicate transitions be-
longing to the ND part of the 62Zn level scheme. The binning
is 4 keV per channel.

tense link at 3116 keV (cf. Fig. 6) connects the 17− level
in WD3 with the 11961-keV 16+ state in ND6. The value
RDCO(3116) = 0.67(7) is a clear sign of a ∆I = 1 tran-
sition, and due to the 2265- and 2456-keV connections
into structure ND9, the 3116-keV line must be a par-
ity changing E1 transition, i.e. WD3 has negative parity.
The DCO-ratios along the band are consistent with E2
character, while the spin-parity assignments of both the
lowest and topmost level in WD3 are tentatively assigned
based on the presumed rotational character.

The spectrum in Fig. 6(a) shows a sum of spectra in
coincidence with any combination of the transitions at
1825, 2192, 2594, and 3038 keV. The inset shows an ap-
parent 3830 keV line placed on top of WD3, while a closer
inspection reveals a shoulder on the left-hand side of the
intense 1586-keV peak (ND6), which is absent in com-
parable spectra of other well-deformed bands. The γγγ
analysis gives additional evidence for a tentative line at
1580 keV at the bottom of WD3. Next to other transi-
tions in the normally deformed region of the level scheme
of 62Zn (filled circles), the transitions at 2456, 2483, and
3116 keV can be seen, which determine the placement of

FIG. 7: (Color online) Decay scheme of WD4 and WD5 of the
level scheme of 62Zn. Energy labels are in keV and tentative
levels and transitions are dashed. The widths of the arrows
correspond to the relative intensities of the γ rays. Relevant
transitions of the ND scheme are marked in blue.

WD3. The latter is highlighted in Fig. 6(b), which is a
spectrum in coincidence with the 3116-keV linking tran-
sition and any of the three band members at 2192, 2594,
and 3039 keV. The 1825-keV in-band member as well as
the 1586-keV are marked and define the decay path.

F. The bands WD4 and WD5

Structure WD4 is illustrated in Figs. 7 and 8. It is
formed by a set of γ rays starting from the 19+ level at
18516 keV merging into the 27+ level at 28205 keV de-
notedWD5. WD4 decays into the 17+ state at 13782 keV
(ND7) via the 4734-keV linking transition. The DCO-
ratio of the latter, RDCO(4734) = 1.20(25), in combina-
tion with yrast considerations and the 3060-keV connec-
tion towards WD5 defines the spin and parity assignment
of the 18516-keV state. Thereafter, the DCO-ratios are
available and consistent with E2 character along WD4
except for the topmost, tentative 3060-keV line.
The γ-ray spectrum in Fig. 8 is taken in coincidence

with the 4734 keV decay-out transition of WD4. The
three band members at 1916, 2136, and 2577 keV are
clearly seen, as well as the transitions at 1506, 1586,
1821, and 1902 keV, which define the decay paths of the
13782-keV state of ND7. The blue circles mark transi-
tions further down in the ND yrast decay scheme of 62Zn.
Note that the band has a relative yield of about 0.4% and
the high-energy link only 0.13%. Nevertheless, Fig. 8 un-
ambiguously determines the WD4 decay path shown in
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FIG. 8: (Color online) Gamma-ray spectra related to band
WD4. The main is in coincidence with the 4734 keV decay-
out transition. The inset shows the relevant high-energy part
of another spectrum, which is in coincidence with either one
of three WD4 members at 1916, 2136, or 2577 keV and the
1821-keV transition (ND7). Energy labels are in keV, and
blue labels or filled circles indicate transitions belonging to
the ND part of the 62Zn level scheme. The binning is 4 keV
per channel.

Fig. 7. The 4734-keV link is highlighted in the inset of
Fig. 8, which is a spectrum in coincidence with one of the
three WD4 members and the 1821-keV transition from
ND7.

Based on Fig. 8 and additional studies with the γγγ
cube a transition at 3060 keV could be added tentatively
on top of WD4 reaching a level at 28205 keV, which is
a member of WD5. In fact, the 3337 keV transition of
WD5 provides coincidences with both the 3060-keV line
of interest and, of course, the lower members of WD5, in
particular the 2867-keV transition. This is shown in the
inset of Fig. 9(a). Hence, WD4 and WD5 are connected
at spin I = 27 ~.

Alike WD4, WD5 is found to comprise only signa-
ture α = 1 positive-parity states. However, WD5 re-
veals itself as a rather complex structure, mainly com-
posed of a cascade of six quadrupole transitions at 1934,
2207, 2472, 2867, 3337, and 3796 keV, drawn on the left
hand side of Fig. 7. Note that the topmost transition at
3796 keV is only observed in data set 2. This cascade,
illustrated by the γ-ray spectrum in coincidence with the
2472-keV member in Fig. 9(a), covers spins I = 19-31 ~

and excitation energies up to 35 MeV. The 2207-2472-
keV sequence is paralleled by the 2136-2544-cascade, with
a 2174-keV transition depopulating the 23+, 22794-keV
state fed by the 2544-keV line. The depopulation of nei-
ther the (19+), 18724- nor the (21+), 20620-keV level
could be defined due to insufficient statistics or contam-
inating transitions from other bands in 62Zn. Note that
the average sum of relatively yields across WD5 is about
0.8-1.0%, whereas the relative intensities of all individual
transitions associated with WD5 are less than 0.5%.

Both 23+ states of WD5 are directly connected with
the 21+ level at 20086 keV. The decay of this rather

low-lying 21+ level forks first into two 19+ and subse-
quently three 17+ states. On of these branches and its
coincidences with the high-lying transitions of WD5 is il-
lustrated by the γ-ray spectrum in Fig. 9(b), which is in
concidence with the 1981 or 2389-keV transitions. The
decay-out region of the three 17+ states provides a num-
ber of linking transitions, mainly into structure ND6 and
ND7 [cf. 1827- and 1902-keV lines in Fig. 9(b)] but also
into TB1 via a line at 2051 keV. The DCO-ratio of this
transition, which clearly points towards dipole character,
and the one of the 3495-keV link into the 15+, 11787-
keV level of ND6 determines the spin and parity of the
15281-keV state. This is consistent with all six linking
transitions decaying into either 15+ or 16+ states of the
ND part of the level scheme as well as the above men-
tioned 3060-keV E2 connection between WD4 and WD5.
Within WD5, most of the spins and parities of the states
are assigned based on DCO-ratios of the most intense
transitions (see Table I). Last but not least, the inset of
Fig. 9(b) shows the 3439, 3755, and 3930-keV transitions
attributed to the decay-out of the 15716-keV state.
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FIG. 9: (Color online) Set of γ-ray spectra related to band
WD5. (a) Gamma-ray spectrum in coincidence with the 2472-
keV transition. The inset shows the relevant high-energy part
of a spectrum in coincidence with the 3337-keV line. (b)
Gamma-ray spectrum in coincidence with the 1981- or 2389-
keV transitions. The inset shows the high-energy part of this
spectrum. Energy labels are in keV. Blue labels or filled circles
indicate transitions belonging to the ND part of the 62Zn
level scheme. Stars or energy labels in square brackets mark
contaminations or weak transitions not placed in the level
scheme, respectively. The binning is 4 keV per channel.
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FIG. 10: (Color online) Decay scheme of bands WD6 and
WD7 of the level scheme of 62Zn. Energy labels are in keV
and tentative levels and transitions are dashed. The widths
of the arrows correspond to the relative intensities of the γ
rays. Relevant transitions of the ND scheme are marked in
blue.

G. The bands WD6 and WD7

WD6 is shown on the left hand side of Fig. 10. It is
connected to WD7 drawn on the right hand side of the
figure. WD6 and WD7 have relative yields of about 0.5%
each. Both bands have signature α = 1 and are found
to carry negative parities. Hence, they interact at their
closest approach in energy at around spin I = 21 ~.

WD6 consists of a total of four well-defined E2 transi-
tions at 1662, 2014, 2466, and 2918 keV, see Fig. 11(a).
The topmost transition at 3583 is tentatively suggested.
On the contrary, the 4141-keV linking transition is
clearly seen in the inset of Fig. 11(a), and its DCO-ratio
RDCO(4141) = 0.51(10) is decisive for the spin assign-
ment of both WD6 and WD7. The firm placement of the
4141-keV line between the 11961-keV 16+ state of ND6
and the bottom state of WD6 at 16102 keV is ensured
by the spectrum in Fig. 11(b), which is in coincidence
with any of the four main WD6 members and the 4141-
keV line. Note that the parity of the structure is sim-
ply defined by the existence of the 3134-keV transition
– supported by its DCO-ratio – as well as the weak side
branch via the 19486-keV state into established states of
ND9 (cf. Fig. 10): Based on the 4141-keV link, the ob-
served bottom state in WD6 has spin I = 17. Based on
the well-established DCO-ratios of the 1662-, 2014-, and
the 2350-keV lines, the 22128-keV state in WD7 has spin
I = 23. This state decays via the 2641-3781-keV cascade
into the known Iπ = 19− state of ND9, or via the 2370-
2179-3134-keV sequence into the known Iπ = 17− state
of ND9. Thus, all these transitions must have stretched
E2 character (cf. Sec. II), and both bands WD6 andWD7
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FIG. 11: (Color online) Set of γ-ray spectra related to bands
WD6 and WD7. (a) Gamma-ray spectrum in coincidence
with any combination of two out of the four main members of
the band WD6 at 1662, 2014, 2466, and 2918 keV. The inset
shows the high-energy part of the spectrum. (b) Spectrum
in coincidence with one of these four band members and the
4141-keV linking transition. (c) Gamma-ray spectrum in co-
incidence with any combination of two out of the three main
members of the band WD7 at 2179, 2370, and 2786 keV. En-
ergy labels are in keV, and blue labels or filled circles indicate
transitions belonging to the ND part of the 62Zn level scheme.
The binning is 4 keV per channel.

are composed of negative-parity states.

The spectrum in Fig. 11(a) comprises also the connect-
ing line towards WD7 at 2350 keV and, somewhat less
pronounced, the 2786-keV member of WD7. The 3033-
keV peak in Fig. 11(a) is set in square brackets; most
likely it is a decay-out transition from the 16102-keV level
of WD6. Its width is comparable to the 3134-keV peak in
Fig. 11(c). However, due to lack of statistics it was not
possible to make a firm placement in the level scheme.
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The 2871-keV link into TB1 is very weak.
Figure 11(c) is the γ-ray spectrum illustrating WD7.

It is the sum of coincidences with two out of the three
central transitions at 2179, 2370, and 2786 keV. Despite
the fact that the 1709-keV peak in Fig. 11(c) is apparent,
it is not possible to firmly establish its placement at the
bottom of WD7. It carries about half of the yield of the
3134-keV linking transition, the DCO-ratio of which is
consistent with the spin and parity assignments of the
states in WD6 and WD7 (see above).

H. Bands WD8 and WD9

Figure 12 illustrates the details of the decay pattern
of bands WD8 and WD9. Both of them are linked into
the ND6 yrast 16+ state at 11961 keV. The weak 5685-
keV linking transition of WD8 is shown in the inset of
Fig. 13(a). A coincidence spectrum of this transition is
presented in Fig. 13(b), with its positioning in the level
scheme being further evidenced in the triples analysis.
Specifically, a spectrum in coincidence with both this
linking transition and any of the intense γ-ray lines in
ND1 and ND3 reveals not only the 1586-keV transition
of ND6 but also the 2056 and 2327-keV transitions asso-
ciated with WD8. The band itself is shown in the main
spectrum of Fig. 13(a) and present in Fig. 13(b) with the
exception of the tentative in-band 1850-keV transition.
WD8 has about 0.4% relative yield and reaches up to

an excitation energy of 28 MeV. Once more, the presence
of the 1586-keV line as well as the absence of higher-lying
transitions of the ND scheme of 62Zn at, e.g. 2437 or 2483
keV, is obvious. The stars in Fig. 13(a) mark contami-
nating transitions arising from the 2058-keV line in SD2.

FIG. 12: (Color online) Decay scheme of bands WD8 and
WD9 of the level scheme of 62Zn. Energy labels are in keV
and tentative levels and transitions are dashed. The widths
of the arrows correspond to the relative intensities of the γ
rays. Relevant transitions of the ND scheme are marked in
blue.
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FIG. 13: (Color online) Gamma-ray spectra related to band
WD8. (a) The spectrum is in coincidence with the 2056,
2327, 2662, and 3072-keV transitions. The inset shows the
high-energy part of the spectrum. (b) The spectrum is in co-
incidence with the 5685-keV linking transition. Energy labels
are in keV, and blue labels or filled circles indicate transitions
belonging to the ND part of the 62Zn level scheme. Stars
mark small contaminating peaks arising from the 2058-keV
line of SD2. The binning is 4 keV per channel for the main
spectrum but 8 keV per channel for the inset.

The evidence for the 1850-keV line is rather weak due
to interference with the 1857-keV 5− → 4+ transition.
Small peaks at 2378 and 2529 keV can be seen in the
spectrum of Fig. 13 as well. Lack of statistics prevents
any firm conclusion on how and where they could be con-
nected to WD8. A tentative spin and parity assignment
is suggested based on the high transition energy and yrast
arguments. DCO-ratios derived for the 2056-, 2327-, and
2662-keV transitions account for E2 character of these
band members.

In case of WD9 it is difficult to provide clean coinci-
dence spectrum with sufficient statistics: The main band
members at 2345 and 2616 keV have only 0.3% relative
yield. The spectrum displayed in Fig. 14(a) is taken
in coincidence with the 2345- and 2995-keV members of
WD9. Along the band, peaks at 1828, 2062, 2136, and
2616 keV are evident, and a weak line at 3356 keV is also
apparent. Weak contaminating peaks are present in the
spectrum arising from an unresolved doublet structure at
2341 keV (SD1) and decay-out transitions at some 3 MeV
associated with SD2. The 4482-keV decay-out transition
of WD9 is highlighted in the inset of Fig. 14(a), and
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FIG. 14: (Color online) Gamma-ray spectra related to band
WD9. (a) Spectrum in coincidence with the 2345- and 2995-
keV transitions. The inset shows the high-energy part of the
spectrum. (b) Spectrum in coincidence with the 4482-keV
decay-out transition. Energy labels are in keV, and blue labels
or filled circles indicate transitions belonging to the ND part
of the 62Zn level scheme. Stars mark contaminating peaks
arising from unresolved coincidences of a line at 2341 keV
with transitions belonging to SD1. Plus signs mark minor
peaks arising from the 2994 and 3001-keV decay-out lines of
SD2. The binning is 4 keV per channel.

Fig. 14(b) provides the spectrum in coincidence with the
4482-keV line. Similar to the discussion on WD8 above,
this line can be confirmed to belong to WD9 in more
detailed steps of the coincidence analysis. However, its
placement – and hence the position of WD9 in energy
– can only be made tentative, as statistics are low and
because a number of doublets are distorting, in particu-
lar the rather intense 2064-keV transition in TB2. The
4482-keV link is also too weak to provide a DCO ratio.
Its dipole character is proposed due to WD9 intensity-
related yrast arguments, and this leads to the tentative
assignment of odd spin values for the band itself up to a
spin I = 27 ~ level at about 30 MeV excitation energy.
Altogether, WD9 marks the experimentally least defined
rotational structure in the level scheme.

I. Bands WD10 and WD11

The relatively short sequences WD10 and WD11 are
shown in Fig. 15. WD10 comprises as a basis the transi-

tions at 1893, 2435, and 2644 keV, which are connected
to the 10375-keV 14+ yrast state (ND6). Despite mi-
nor contaminations with doublet transitions at 1891 and
1894 keV, the spectrum in Fig. 16(a) evidences WD10.
The spectrum in coincidence with the 1893-keV line pro-
vides a clean and rather intense peak at 4055 keV, the
DCO-ratio of which is consistent with stretched E2 char-
acter. This tentatively implies that WD10 has even spins
and positive parity. The 2435 and 2644-keV transitions
are also visible in Fig. 16(a) with decreasing yield. A
γγγ analysis involving transitions from the ND part of
the level scheme in conjunction with the relatively in-
tense 4055-keV link provides evidence for the lines at
2222 keV and, tentatively, 2709 keV. Both are also weakly
present in Fig. 16(a). Furthermore, a γ-ray transition at
2290 keV is found in coincidence with the 2644-keV line.
It decays to the 18+ state at 16489 keV– thus support-
ing the spin-parity suggestion of WD10 – since the 18+

state is associated with WD1 and decays further to the
16+ 11961-keV yrast level. The most intense transitions
of WD10 have only some 0.2% relative yield. Thus, no
further transitions or connections to other bands could
be derived.

WD11 is illustrated in Fig. 16(b). The spectrum taken
in coincidence with the 3869-keV link into the 16+ yrast
state of ND6 provides the relevant peaks at 910, 1161,
and 1586 keV as well as the two band members at 1624
and 2223 keV, respectively. The transition belonging to
the weak peak at 2538 keV may feed into the lowest level
of WD11 at 15830 keV, since it is neither coincident with
the 1624 nor the 2223 keV transition. The DCO-ratio
of the 3869-keV line is clearly consistent with stretched
dipole character. Hence, the 15830-keV state of WD11
has spin I = 17 ~. The low yield of the band members
or contaminating lines from other parts of the 62Zn level

FIG. 15: (Color online) Decay scheme of bands WD10 and
WD11 of the level scheme of 62Zn. Energy labels are in keV
and tentative levels and transitions are dashed. The widths
of the arrows correspond to the relative intensities of the γ
rays. Relevant transitions of the ND scheme are marked in
blue.
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scheme prevent any DCO-ratio measurements of the in-
band transitions of WD10 and WD11.

J. The superdeformed bands SD1, SD2, and SD3

Apart from some minor adjustments of transition en-
ergies and intensities and in parts a few more transitions
in the respective decay-out regime, the presentation of
the superdeformed bands SD1, SD2, and SD3 is in ac-
cordance with Figs. 1-3 in Ref. [18]. SD1 is assigned neg-
ative parity, covers a spin range of 18-34 ~ and reaches
a maximum excitation energy in excess of 40 MeV. A
comparatively extensive decay-out regime is established,
and, at the very top a forking is observed, i.e., two paral-
lel transitions of 3958 keV [18] and 4234 keV. SD2 is con-
sidered the α = 1 signature partner of SD1 [18], involves
a record-high discrete-energy state at 42.5 MeV excita-
tion energy, and lies amongst the fastest rotating nuclei.
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FIG. 16: (Color online) Set of γ-ray spectra related to bands
WD10 and WD11. (a) Gamma-ray spectrum in coincidence
with the 1893-keV transition of WD10. The inset shows the
high-energy part of the spectrum. Blue plus signs mark con-
taminating peaks arising from a 1894-keV transition connect-
ing the 9+ state (ND6) with the 9− level at 6082-keV (ND3).
Stars mark small contaminating peaks arising from coinci-
dences with the 1891-keV transition placed in the decay-out
regime of SD1. (b) Gamma-ray spectrum in coincidence with
the 3869-keV transition linking WD11 into the 16+ yrast state
(ND6). Energy labels are always in keV, and blue labels or
filled circles indicate transitions belonging to the ND part of
the 62Zn level scheme. The binning is 4 keV per channel.

SD2 is found to interact with a new, parallel sequence
SD5 (see below). SD3 has signature α = 0, positive par-
ity, spin values I = 16-30, and remains unchanged with
respect to the previous publication [18].

K. The superdeformed bands SD4 and SD5

One more superdeformed structure labeled SD4 has
been observed in data set 1. Furthermore, a sequence of
levels interacting with the central section of SD2 could
be observed, which is denoted SD5. The respective part
of the high-spin level scheme of 62Zn is shown in Fig. 17.
SD4 comprises a sequence of six transitions ranging

from 1552 to 3438 keV. The DCO-ratios of the four cen-
tral transitions of SD4 are consistent with E2 charac-
ter. The two lowest transitions are paralleled with a
2176-2128-keV sequence. The level at 23378-keV decays
via a 1774-5898-keV cascade into the yrast 19− state at
15705 keV in ND9. Based on yrast arguments, the nearly
6-MeV link is suggested to have quadrupole character.
The DCO-ratio measured for the transition at 1774 keV
is indicative of dipole character. Thus SD4 is associated
with even-spin values, in the range of I = 20-32 ~. Its
levels reach excitation energies up to 37 MeV. Note that
different it has not been possible to add any transition
on top of SD4 by investigating data set 2.
Figure 18 provides γ-ray spectra considered relevant

for the decay pattern of SD4. The spectrum in Fig. 18(a)
is in coincidence with the 5898-keV linking transition.
Besides intense peaks at, for example, 1197, 1232, 1340,
or 1522 keV, Fig. 18(a) shows a distinct peak at 1260 keV,
which marks the feeding into the already mentioned yrast
19− state at 15705 keV in ND9. Consistent with that ob-

FIG. 17: (Color online) Decay scheme of the superdeformed
bands SD4 and SD5 of the level scheme of 62Zn. Energy labels
are in keV and tentative levels and transitions are dashed.
The widths of the arrows correspond to the relative intensities
of the γ rays.
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FIG. 18: (Color online) (a) Gamma-ray spectrum in coinci-
dence with the 5898-keV decay-out transition of SD4. The
inset shows the high-energy part of a spectrum in coincidence
with either 1260 or 1774 keV. (b) Gamma-ray spectrum in
coincidence with any combination of two out of the four main
members of the band SD4 at 2025, 2315, 2652, and 3088 keV.
The inset shows a portion of the spectrum in coincidence with
the 3088-keV transition. Energy labels are in keV. Blue labels
and filled circles mark transitions belonging to the ND part
of the 62Zn level scheme. The binning is 4 keV per channel
except for the inset of panel (a), where it is 8 keV per channel.

servation is the presence of admittedly weak lines at 1633,
2437, and 2483 keV. Additionally, the lowest transitions
in SD4 at 1774, 2025, 2315, and 2652 keV are observed
with anticipated decreasing yield. The inset of Fig. 18(a)
highlights the placement of the 5898-keV linking transi-
tion: It is a spectrum in coincidence with either the 1260-
(ND9) or 1774-keV (SD4) lines, both contributing com-
parable statistics to the distinct peak at 5898 keV.
The 1552-keV transition at the bottom of SD4, the

2128-2176-keV side branch, and the 3088- and topmost
3438-keV transitions are evidenced in Fig. 18(b): The
main spectrum is in coincidence with various combina-
tions of transitions in SD4. The spectrum in the inset is
only in coincidence with the 3088 keV transition. Here,
both the feeding and depopulating transitions at 3438
and 2652 keV, respectively, can be seen.
Finally, Fig. 19 focuses on the newly observed band

SD5, which is intimately related to the known band SD2.
Building on the 4525-keV E2 transition, which feeds the
21− state at 18502 keV in TB2, transitions at 2450 2684,
2766, 2968, and 3051 keV are observed in coincidence as
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FIG. 19: (Color online) (a) Gamma-ray spectrum in coinci-
dence with the 4525-keV decay-out transition of SD5. (b)
Gamma-ray spectrum in coincidence with the 2129-keV tran-
sitions in TB2 and the 2450-keV transition in SD5. Energy
labels are in keV. Blue labels mark transitions associated with
TB2 and blue filled circles mark transitions belonging to the
ND part of the 62Zn level scheme. The binning is 4 keV per
channel.

shown in Fig. 19(a). The position of the 4525-keV link in
the level scheme can be evidenced by Fig. 19(b), which is
a spectrum taken in coincidence with both the transitions
placed below (2129-keV line in TB2) and above (2450-
keV line in SD5).

Lines at 2450, 2766, and (tentatively) 3153 keV form
the sequence SD5, while the 2684- and 2968-keV tran-
sitions connect SD2 with SD5. This becomes clear not
only by the 3051-keV transition belonging to SD2, but
also the corresponding 2898-keV transition, which forms
the connection from SD5 into SD2 in the crossing regime
at spin I ∼ 25-27 ~ (cf. Fig. 3(a) of Ref. [18]). Not only
aim the interband transitions to establish the placement
of SD5 in the complex decay scheme, but they also guide
the (tentative) spin and parity assigments, especially in
combination with the DCO-ratio of the 4525-keV linking
transition, which clearly favors E2 character.
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IV. INTERPRETATION OF THE OBSERVED

BANDS

The observed bands were analyzed using the configura-
tion-dependent cranked Nilsson-Strutinsky (CNS) for-
malism [42–44]. This approach is based on a modified
oscillator potential which is cranked around the x-axis.
Deformations are included by allowing the three oscilla-
tor frequencies to be different corresponding to ellipsoidal
shapes described by the quadrupole parameters, ε2 and
γ [45]. Furthermore, one hexadecapole deformation de-
gree of freedom is included. It is described by ε4 and
parametrized in such a way that axial symmetry at pro-
late and oblate shape is not broken [46]. Standard pa-
rameters [42] are used for the single-particle parameters,
κ and µ.
Single-particle energies are calculated in a mesh in de-

formation and rotational frequency, (ε2, γ, ε4, ω). The
Strutinsky method is applied [47, 48], i.e. the total en-
ergies are obtained as the sum of the shell energy and
the rotating liquid drop energy. The static liquid-drop
parameters are taken from the Lublin-Strasbourg drop
(LSD) [44, 49]. The rigid moments of inertia are calcu-
lated from a nucleus with diffuse surface [44, 50].
Because of the simplicity of the modified oscillator po-

tential, it is possible to fix configurations in a detailed
way, using exact as well as approximate quantum num-
bers. An important feature is that the exact solutions of
the rotating harmonic oscillator are used as basis states
in the single-particle diagonalization. It turns out that
the couplings between states which differ by the principal
quantum number Nrot in this basis are small in the ro-
tating modified oscillator potential. They can therefore
be neglected, i.e. Nrot is treated as a preserved quantum
number in the CNS formalism. Because Nrot becomes
equal to Nosc ≡ N defined for the static oscillator at
ω = 0, we will refer to this quantum number as N be-
low. The signature (exponent) quantum number α is pre-
served taking the values α = 1/2 and α = −1/2 [43, 51],
with the total signature of a system defined from the sum
of the signatures for the occupied orbitals,

αtot = α =

(

∑

occ

αi

)

mod2.

Finally, within each N -shell, it is generally possible to
distinguish between orbitals which have their main am-
plitudes in the high-j intruder shell and the low-j orbitals
which have their main amplitudes in the other j-shells,
thus defining an additional approximate quantum num-
ber.
The j-shells which determine the structure of 62Zn are

the N = 3 high-j 1f7/2 shell, the low-j fp shells 1f5/2,
2p3/2, and 2p1/2, and finally the N = 4 shell 1g9/2. The
2p1/2 shell can essentially be neglected due to its low
value j and its high energy in the Nilsson diagram. The
j-shells are pure only if the shape is spherical. In the
deformed rotating potential, the j-shells will mix. i.e.,

in the present approximation the wave functions of the
single-particle orbitals will have amplitudes in all the j-
shells of a specific N -shell. However, as stated above, it
turns out that if the deformation is not too large, these
orbitals can be classified as having their main amplitudes
in either the high-j intruder shell or in the other shells
with smaller j-values [43, 52]. Therefore, configurations
can be specified relative to a 56Ni core as,

π[(1f7/2)
−p1(fp)p3(1g9/2)

p2 ]⊗

ν[(1f7/2)
−n1ν(fp)n3(1g9/2)

n2 ], (3)

i.e., by the number of particles and holes in the j-shells
above and below the Z = N = 28 gap.

One may note that in order to define a configura-
tion, also the distribution over the two signatures within
the respective groups must be specified. However, an
even number of particles within a group is generally
distributed equally over the two signatures for the low-
energy configurations. Furthermore, with only a few par-
ticles in an even (odd) N shell, the orbitals with α = 1/2
(α = −1/2) are strongly favored in energy. Therefore,
one or three protons or neutrons in 1g9/2 will contribute
with α = 1/2 in the low-energy configurations. With a
few holes in a high-j orbital on the other hand, the two
signatures are essentially degenerate, i.e. two signature
degenerate bands will be formed with one (or three) holes
in f7/2. With this in mind, we will in general specify con-
figurations as

[p1p2(±), n1n2(±)],

with the numbers p1, p2, n1, n2 defined in Eq. 3 and with
the signature of an odd number of fp protons or neutrons
specified in parentheses as + or − for α = 1/2 and α =
−1/2, respectively. Note that the numbers p3 and n3

are determined according to, p3 = 2 + p1 − p2 and n3 =
4+n1−n2 for 62Zn. Furthermore, the general feature of
a configuration is determined by q1 = p1 + n1 and q2 =
p2 + n2 [10]. For a configuration defined by Eq. 3, it is
useful to define Imax, which is the highest possible spin
in the pure j-shell configuration.

In the CNS approach, the total energy for each config-
uration is minimized in terms of deformation using the
parameters specified above. The calculations do not in-
clude pairing. Therefore, they are realistic only at high
spins, but they also give a qualitative understanding of
the low-spin states. Comparing with the shell model
where residual interactions between configurations are
included, only long-range multipole interactions are in-
cluded in the present mean field approach. Another ap-
proximation is that the angular momentum is identified
with the expectation value along the rotation axis. With
these approximations, the number of particle-hole exci-
tations is practically unlimited in the CNS formalism.
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FIG. 20: (Color online) Observed states in 62Zn shown rela-
tive to a rotating liquid drop reference. States with positive
parity are drawn by full lines in panel (a) while those with neg-
ative parity are drawn with broken lines in panel (b). Bands
with undefined parity are drawn in panel (a) with dotted lines.
Closed symbols are used for even-spin states (α = 0) and open
symbols for odd-spin states (α = 1). Symbols and colors are
used to indicate the number of 1f7/2 and 1g9/2 particles in
the configurations assigned to the bands.

A. General features of observed bands

The observed bands in 62Zn are drawn relative to the
rotating liquid drop energy in Fig. 20 for positive (a) and
negative (b) parity, respectively. As noted above, the
WD6 and WD7 bands interact around Iπ = 21 where
their energy difference is only 20 keV. To make these
band energies smooth, WD6 and WD7 bands should
cross at the 21− spin state. In this process, two smooth
undisturbed bands with new energies called WD6-7 and
WD7-6 are formed, which are drawn in Fig. 20(b). It is
these ‘undisturbed’ bands which will be compared with
the calculated CNS bands below. The energy of the two
undisturbed bands at I = 21 should fall in between the

observed energies for WD6 and WD7. It is not really
possible to determine which values are most appropriate
and the exact value chosen will not make any visible dif-
ference in the scale of Fig. 20(b), where both bands are
given the average of the energies of bands WD6 and WD7
at I = 21.
As it is only the N = 3 and N = 4 shells which are

open (with a possible exception of the very highest spin
states), the positive-parity bands have an even number
of particles and the negative-parity bands have an odd
number of particles in these N -shells. Within each group
of bands with the same number of N = 4 particles, a
division can be made into groups of bands with the same
number of 1f7/2 holes. For the general assignment, one
notes that [43]:

• The maximum spin in the bands increases with
both q1 and q2

• The addition of the first particles in a high-j shell
(1g9/2 in the A = 60 region) will correspond to a
lower energy cost for the highest spin states in the
bands, i.e. the band will be more down-sloping for
spin values close to Imax when drawn relative to
the rotating liquid drop energy.

• The addition of the first holes in a high-j shell
(1f7/2 in the A = 60 region) will have the oppo-
site effect, i.e. a higher energy cost for spin values
close to Imax corresponding to a larger upslope of
E − Erld close to Imax. In general this will lead
to a stronger curvature of E −Erld equivalent to a
smaller value the J (2) moment of inertia.

Except for the SD bands, the rotational bands are gener-
ally observed (close) to termination, i.e. to spin values up
to Imax or possibly Imax−2. Following the rules above, it
is straightforward to classify the bands into [q1/q2] groups
as demonstrated in Fig. 20, where they are drawn by dif-
ferent colors depending on the value of q2. This division
is made from the observation that the bands with 0, 2,
and 4 1g9/2 particles have maximum spin values up to
Imax ≈ 10, 22 and Imax > 30~, respectively, while the
bands with 1, 3, and 5 1g9/2 particles have maximum spin
values up to Imax ≈ 16, 28 and Imax > 33~, respectively.
Within a group of bands with the same number of 1g9/2
particles, the bands with the same number of 1f7/2 holes
are drawn by similar symbols; circles, triangles and dia-
monds, respectively. This classification is also straight-
forward considering the highest observed spin values and
the curvature and slope close to termination.
With this general characterization of the bands, the

detailed calculations are carried out mainly to determine
how the holes and particles are distributed over protons
and neutrons and also with which accuracy it is possible
to describe the energies for the different spin values. The
classification of the bands suggested in Fig. 20 is specified
in more detail in Fig. 21. There the bands are arranged
in groups according to the values of q1 and q2 but spec-
ifying configurations in terms of holes and particles for
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FIG. 21: (Color online) Suggested configurations for the observed bands in 62Zn grouped according to the number of holes
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orbitals (πf and νf).

protons and neutrons according to the interpretation be-
low. Of special interest is the fact that starting from the
configuration with all valence particles in the fp orbitals
(q1 = q2 = 0), one can continuously follow how bands are
formed from excitations of protons or neutrons from the
1f7/2 orbitals to the fp orbitals or from the fp orbitals to

the 1g9/2 orbitals. The nucleus
62Zn appears very special

in this context, with a continuous evolution from low-spin
bands of small collectivity over more strongly deformed
bands and up to superdeformed bands.

B. The structures with Imax ≤ 25~

The experimental energies with the rotating liquid
drop energy subtracted are shown as a function of spin
for the observed positive-parity bands ND1, ND6, ND7,
ND8, TB1 and WD4 with Imax ≤ 25~ in the top panel
of Fig. 22. Similarly, the observed negative-parity bands
ND3, ND9 and TB2 with Imax ≤ 25~ are shown in the
top panel of Fig. 23. In both Figs. 22 and 23, the mid-
dle panel shows the selected calculated bands with the
energy difference between calculations and experiment in
the bottom panels. These bands are formed by successive

excitations of particles to the 1g9/2 subshell and from the
excitation of at most one proton from the 1f7/2 orbitals.
The interpretation of the ND1, ND3, ND6, ND9, TB1
and TB2 bands was given already in Ref. [20]. There the
13+ state of ND6a was placed at a higher energy than in
the present level scheme, but one notes that the present
energy fits much better with calculations suggesting that
the ND6a and ND6b bands are essentially signature de-
generate. However, also a 15+ state has now been ob-
served which breaks the trend of signature degeneracy.
Indeed, the calculations predict a favored termination of
the ND6a structure in a 15+ state and it appears some-
what strange that no such state is observed.
The new structure ND7 with a 15+ and a 17+ state is

quite interesting. The 17+ state is fed by a lot of weak
transitions which strongly suggests that it is a terminat-
ing, fully aligned state (see Ref. [53]). In fact, 17+ is the
highest spin state which can be formed in a configura-
tion with no 1f7/2 holes and two 1g9/2 particles, namely
in the configuration

π[(fp)15/2(1g9/2)
1
9/2]⊗ ν[(fp)311/2(1g9/2)

1
9/2], (4)

where the spin contribution from the different groups
of particles is given as subscript. However, as seen in
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while the middle panel shows the theoretical bands assigned
to them. The bottom panel shows the difference between the
experimental and theoretical bands. Closed symbols are used
for even-spin states and open symbols for odd spin states.

Fig. 22, this 17+ state is calculated at a much too high
energy compared with experiment. This high energy is
understood from Fig. 24, which is drawn at a deformation
typical for the fully aligned states of the [01,01] config-
urations. The straight-line representing the Fermi sur-
face in the figure defines a favored neutron state with
In = 9−, i.e. with signature αn = 1. When combined
with the aligned Ip = 6, 7 proton states, it gives rise to
the calculated low-lying aligned I = 15, 16 states of the
[01(±), 01(+)] configuration which are assigned to the
ND6 bands. However, when forming an aligned neutron
configuration of signature αn = 0 instead, the mi = 1/2
neutron can be moved either to the mi = −1/2 state or
to the mi = 3/2 state as illustrated by arrows in Fig. 24.
It is apparent that the In = 8 state is about as favored as
the In = 9 state while the In = 10 is much less favored
in energy because the mi = 3/2 single-particle state is
considerably higher in energy relative to the straight-line
Fermi surface. Consequently, when combined with the
proton Ip = 7 state, the resulting I = 15 state is rela-
tively low in energy while the I = 17 state is relatively
high in energy. The high energy of this I = 17 state,
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FIG. 23: (Color online) Same as Fig. 22 but here for the
observed bands with negative parity ND3, ND9, and TB2.

see Eq. 4, is in disagreement with the low energy of the
terminating I = 17 state of the ND7 structure, giving
strong arguments that the energy of the 1f5/2 shell must
be lowered relative to the 1p3/2 shell (see Fig. 24).

The 12− and 14− states of structure ND3b are also
new compared with Ref. [20]. One notes that I = 14−

is the highest possible spin in the [00,01] configurations
in a similar way as I = 17+ is the highest spin in [01,01]
configurations. These two fully aligned states have the
same neutron configuration with In = 10 (see Fig. 24).
Consequently, the low energy of the 14− state of structure
ND3 is another indication that the 1f5/2 and 1p3/2 shells
should come closer together.

The ND8 structure is built from only three states,
I = 12+, 14+ and 16+. It is furthermore irregular and
therefore difficult to assign to any specific configuration
even though one can conclude that it must have two 1g9/2
particles and no holes in the 1f7/2 orbitals. It is com-
pared with the [00,02] configuration in Fig. 22, which
has Imax = 16. Another possibility is to assign it to the
forth [01,01] band, namely [01(−), 01(−)].

The two previously observed [20] terminating struc-
tures, TB1 and TB2, are built from close-to-signature
degenerate bands connected by M1 transitions. They
are well described [20] by the configurations [11,01(+)]
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Favored aligned states are formed in configurations defined by
straight-line, or close-to-straight line Fermi surfaces, where all
orbitals below the Fermi surface are occupied and those above
are empty, so called optimal states [48]. Such an optimal
state is formed at In = 9 in the ν(fp)3(g9/2)

1 configuration
as illustrated in the figure. Particle-hole excitations to In = 8
and In = 10 are indicated by arrows, where the distance to
the Fermi surface shows that the former state is more favoured
in energy than the latter.

and [11,02], respectively, but their relative energies indi-
cate that with present parameters, the energy cost is too
high to excite a neutron to the 1g9/2 shell.

Band WD4 is strongly down-sloping when drawn rel-
ative to the rotating liquid drop energy. It is observed
to I = 25+, which is the highest possible odd spin state
in the [12,02] configurations. The observed energies are
well described by this [12(+),02] band, with signature
α = +1/2 for the 1f7/2 proton hole, which is calculated
to be clearly favored in energy at high spin values com-
pared with the other [12,02] bands. Therefore, the WD4
band is assigned to this [12(+),02] configuration. One
could note, however, that in the spin range I = 19− 25,
where both bands WD4 and WD5 are observed, these
two bands are very similar in energy, see Fig. 20. Then
however, WD5 is observed to higher spin values which
shows that it must be assigned to a configuration with
more 1f7/2 holes. Therefore, it cannot be excluded that
WD4 should also be assigned to a similar configuration
with more 1f7/2 holes, see below.

The bands ND2 and ND4 appear to be rather vibra-
tional than rotational, so we will not try to assign any
CNS configurations to them.

As already mentioned earlier, neglecting the paring
force results in less reliable energy predictions for low-
spin structures. This can be observed in both Figs. 22
and 23. As spin increases, the bands in the lowest panel
tend to move towards a smaller absolute energy differ-
ence. Indeed, above I = 8, the differences in the lower
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FIG. 25: (Color online) Low-lying calculated bands with two
holes in 1f7/2; one proton and one neutron hole in panel (a)
and two proton holes in panel (b). The convention for full
and broken lines, and closed and open symbols is the same as
in Figs. 20, 22 and 23.

panels of Figs. 22 and 23 are fairly constant for the dif-
ferent structures and fall within ± 1 MeV except for
the highest spin states in the ND3 and ND7 configu-
rations. As discussed above (see also Ref. [41]) these
highest-spin states are formed with the third fp neutron
in the 1f5/2,m=3/2 orbital and it appears unlikely that the
large energy difference for these states are caused by the
neglect of pairing correlations. Thus, it seems that pair-
ing correlations are essentially negligible for spin values
I > 8 in 62Zn.

C. Well-deformed structures with Imax ≤ 30~

In the earlier studies [17, 20] of the high-spin structure
of 62Zn, no states were observed between the terminating
bands with one 1f7/2 hole and the SD bands which typi-
cally have four such holes. A large number of such bands
referred to as well-deformed have now been discriminated
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FIG. 26: (Color online) Same as Fig. 22 but for positive-
and negative-parity high-spin deformed structures assigned
to configurations with one proton and one neutron hole in
1f7/2 orbitals.

experimentally. The bands with two 1f7/2 holes can have
either one proton hole and one neutron hole or both holes
in the proton orbitals. The calculated low-lying bands of
this type are shown in the upper and lower panels of
Fig. 25, respectively. In these configurations, one can
see a clear division into orbitals with two, three and four
1g9/2 orbitals, having their energy minima at I ≈ 18,
I ≈ 23, and I ≈ 27, respectively. Note also that with
one proton hole and one neutron hole, four bands which
are essentially signature degenerate are formed because
of the two signatures for both holes. Comparing with ex-
periment, it turns out that one can find correspondences
to most of the bands which are calculated low in energy.
This is illustrated in Figs. 26 and 27.

The signature degenerate bands WD2a and WD2b are
naturally assigned to two of the [11,12(+)] bands with
Imax = 27− and 28−. Furthermore, it appears that the
WD6-7 structure can be assigned to the other [11,12(+)]
band with signature α = 1. Note that the four calculated
[11,12(+)] bands are degenerate in a large spin range, but
that one would expect an interaction between the bands
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FIG. 27: (Color online) Same as Fig. 22 but for positive-
and negative-parity high-spin deformed structures assigned
to configurations with two proton holes and no neutron hole
in 1f7/2 orbitals.

of the same signature which is not included in the CNS
approach. This interaction would lead to an energy dif-
ference in general agreement with the difference observed
between bands WD2a and WD6-7. Then, however, the
assignment would be even more convincing if a signature
degenerate partner to band WD6-7 was also observed.
Furthermore, the upslope in the energy differences in the
lower panel of Fig. 26 points to a discrepancy between
calculations and experiment which is unexpectedly large
considering the general success of the CNS approach in
different mass regions [43, 44].

The low-energy configurations with two 1f7/2 proton
holes are illustrated in the lower panel of Fig. 25. They
show some kind of mirror symmetry between the proton
and neutron configurations because they will have four
protons and four neutrons in the fp and 1g9/2 orbitals. It
is then instructive to consider the single-particle orbitals
in Fig. 28. The conclusion from that figure is that the
low-energy configurations of this type will have two fp
particles and one 1g9/2 particle, i.e. they can be described
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FIG. 28: (Color online) Calculated neutron single-particle
routhians plotted as a function of rotational frequency at the
deformation ε2 = 0.32, γ = 20◦, ε4 = 0.02. Particle numbers
at some gaps are encircled. The orbitals are labelled by the
group to which they belong and the ordering in the group
at rotational frequency, ω = 0. So called virtual crossings
have been removed but the non-crossing (f7/2)4 and (fp)2
orbitals at ~ω ≈ 1.5 MeV are shown by full lines. Dashed
lines are used for negative parity and dots indicate signature
α = −1/2.

as a core with 29 protons and 31 neutrons,

π(f7/2)
−2(fp)2(g9/2)

1ν(fp)2(g9/2)
1,

with one ‘odd’ proton and one ‘odd’ neutron outside.
The Z = 29 proton configuration is formed at the large

gap at the frequency ~ω ∼ 1.2 MeV, while the N = 31
neutron configuration has the same orbitals filled as the
proton configuration and in addition two particles in the
(f7/2)4 orbital (see Fig. 28). Low-energy bands are now
obtained if the ‘odd’ proton and neutron is placed either
in the α = +1/2 (fp)2 orbital or in the α = 1/2 (g9/2)1
orbital which thus leads to four combinations. These
four bands can all be assigned to observed bands (see
Figs. 25 and 27); WD1 with both particles in the 1g9/2
orbitals, WD3 and WD7-6 with only one 1g9/2 particle,
and WD10 with both particles in the fp orbitals. The
agreement is convincing although the differences in the
lower panel of Fig. 27 are rather scattered but within the
expected accuracy of ±1 MeV. Furthermore, the highest
spin I = 22+ state of the WD10 band does not follow
the expected trend of the lower spin I = 16, 18, 20 states.
Indeed, an alternative assignment for WD10 would be
an [11,11] band with even spin values. As seen in Fig.
25, these [11,11] bands are calculated only a few hundred
keV higher in energy than the [21(+),01(+)] band which
is compared with WD10 in Fig. 27.
Band WD8 is observed to I = 26 and has positive par-

ity, which means that it must have 4 1g9/2 particles. One
possibility is then that it should be assigned to the high-
est spin band of the [12,02] configuration with Imax = 26

in a similar way as the WD4 band is compared to the
signature partner with Imax = 25 in Fig. 22. Instead,
it appears more plausible that it has two 1f7/2 holes. It
is thus compared with the lowest [11,13] configuration
with Imax = 28 in Fig. 26. There are, however, other
similar bands calculated a few hundred keV higher in en-
ergy. These are either of the type [12,12] or of the type
[22,02] with a broken pair compared with the low-energy
configuration assigned to the WD1 band. Thus, the con-
figuration of the WD8 band remains uncertain.

D. Superdeformed structures

1. Difficulties with configuration assignments.

The classification of orbitals as high-j or low-j [43, 52]
is rather straightforward at small deformations, say ε2 <
0.3 while it is not possible at very large deformations.
The regularity of the superdeformed bands in 62Zn indi-
cates that this classification is relevant but on the other
hand rather difficult to carry through in the numeri-
cal calculations. The difficulties are illustrated Fig. 28
where the neutron orbitals are drawn at the deformation
ε2 = 0.32, γ = 20◦, ε4 = 0.02. It is obvious that there is
a rather large interaction between the α = 1/2, (1f7/2)4
and (fp)2 orbitals at the frequency ~ω ≈ 1.5 MeV. There-
fore, using our standard programs, it is questionable if a
real crossing will be created between these orbitals. For
smaller deformations a crossing will be created, which
makes it straightforward to make a correct classification
of 1f7/2 and fp orbitals at all frequencies. At larger de-
formations on the other hand, no crossing is created and
the division into low-j and high-j orbitals will be differ-
ent (and erroneous) because it is fixed at low frequencies
which means that it will be different at high frequencies
depending on if these orbitals cross or not. In the numer-
ical calculations where the energy is interpolated over a
region in the (ε2, γ)-plane, large discontinuities will occur
if the crossings are not treated in the same way in the full
region and the result will be more or less meaningless.
One possibility is then not to create any crossings be-

tween low- and high-j orbitals. In this case, where the
configurations are only characterized by the number of
α = 1/2 and α = −1/2 particles in the different N -
shells, the potential energy surfaces might have two min-
ima which are characterized by a different division over
high-j and low-j orbitals. There is however also the pos-
sibility that these ‘bands’ will have very similar defor-
mations in which case only one minimum will be seen
in the energy surfaces and the higher energy band can
instead be identified as an excited state in the configura-
tion. This was the procedure followed in Ref. [18], where
the SD bands in 62Zn were identified from a careful in-
vestigation of the potential energy surfaces of the lowest
as well as second lowest states for configurations defined
with no distinction between high-j and low-j orbitals.
The procedure used in Ref. [18] is time consuming
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FIG. 29: (Color online) Same as Fig. 25 but for configura-
tions associated with the superdeformed Z = N = 30 gap.
Configurations with two neutrons in (fp), 1f7/2 and 1g9/2 or-
bitals above this gap are labelled in the legend, while labels
are attached to the bands with one h11/2 neutron (indicated
by ‘(1)’) and three proton holes in 1f7/2.

and not applicable in all cases. Therefore, in the present
calculations, we have instead made changes in our cross-
ing programs, forcing the (1f7/2)4 and (fp)2 orbitals to
cross even if they never come very close in the crossing
region. In the forced crossing in Fig. 28, the (fp)2 or-
bital is somewhat irregular and such irregularities will be
more accentuated and lead to numerical errors at larger
deformations. However, it appears that the calculated
configurations will avoid such regions (of high level den-
sity) where an irregular crossing is formed. Thus, with
this method to force a crossing, the bands come out al-
most the same as in Ref. [18], but using a method which
is faster and more general and which can easily be applied
for example to the neighbour nuclei of 62Zn.

2. Classification of the observed superdeformed structures.

In the single-particle diagram provided in Fig. 28 there
is a large gap at large deformation for particle number 30.
This gap corresponds to the (1f7/2)

−2(fp)2(1g9/2)
2 con-

figuration, leading to the ‘doubly-magic’ superdeformed
band in 60Zn [15]. Above this gap, there are two (fp)
orbitals, two 1f7/2 orbitals, and one α = 1/2 1g9/2 or-
bital at similar energies. One may note that the superde-
formed band observed in 65Zn is assigned to the config-
uration where the five neutron orbitals listed above are
occupied in addition to the proton and neutron orbitals
below the gap at Z = N = 30 [54]. In 62Zn, favored
superdeformed configurations are formed with two neu-
trons in these five orbitals. There are thus ten neutron
configurations of this type which gives rise to the bands
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FIG. 30: (Color online) Same as Fig. 22 but for the superde-
formed and strongly deformed bands with positive parity.

labelled in the legend of Fig. 29. At even higher spins,
additional possibilities arise, for example, one neutron
might be placed in the α = −1/2 1g9/2 orbital. Thus,
if both neutrons above the N = 30 gap are placed in
1g9/2 orbitals, the [22,24] configuration is formed at a
rather low energy (see Fig. 29). Another possibility is
to place one neutron in the lowest 1h11/2 orbital, where
three such bands which become yrast for I ≥ 35 are
shown in Fig. 29. A third possibility is to break the fa-
vored Z = 30 configuration and make a third proton hole
in the 1f7/2 proton orbitals.

The calculated bands drawn in Fig. 29 are compared
with the bands observed to spin values I ≈ 30 and above,
for positive parity in Fig. 30 and for negative parity in
Fig. 31. Similar comparisons were presented in Ref. [18]
but with some important additions in the present fig-
ures. 1. For positive parity the WD1 band which was

1 There is a small error in the moment of inertia calculation in
Ref. [18] leading to an error roughly proportional to I

2 in the
calculated energies with a maximum error of a few hundred keV
for the highest spin values. Similarly, in Ref. [44] and subse-
quent publications, there is an error in the moment of inertia of
the reference energy which is subtracted from the observed and
calculated energies. Also this error amounts to a few hundred
keV for the highest spin values in 62Zn but it does not affect the
differences between experiment and calculations. These errors
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FIG. 31: Same as Fig. 22 but for the superdeformed bands
with negative parity.

also shown in Fig. 27 and assigned to the [22,02] config-
uration is included. The positive parity WD5 band has
four 1g9/2 particles (Fig. 20(a)) and thus at least three
1f7/2 holes because it is observed beyond I = 30. The
only low-lying odd-spin positive parity configurations in
Fig. 29 are of the type [22,12] so band WD5 is assigned to
the lowest-energy configuration of this type, [22,12(+)].
Furthermore, the SD3 band is assigned to the [22,24] con-
figuration as concluded previously in Ref. [18]. All these
assignments appear to be rather well established consid-
ering the small and close to constant differences in the
lower panel of Fig. 29. However, it appears that the cur-
vature of these difference curves are generally positive,
corresponding to a larger curvature and thus a smaller
J (2) in calculations compared with experiment. It was
noticed in Ref. [55] that the J (2) moment of inertia is
generally larger in the relativistic mean field theory than
in the CNS model. This suggests that it is energetically
too expensive to build angular momentum in collective
bands at large rotational frequencies in the modified os-
cillator model.

It was noticed in Sec. IVB that the WD4 and WD5
structures are very similar in the spin range where they
are observed, I = 19 − 25. As there are two calculated

do not change any conclusions about configuration assignments.

odd-spin [22,12] bands with an energy differences simi-
lar to that of the WD4 and WD5 bands, it cannot be
excluded that WD4 should be assigned to the lowest en-
ergy band of this type, [22,12(+)],andWD5 to the higher-
energy band, [22, 12(−)]. Puzzling pieces are the config-
urations which have not been observed; [22,22] which is
calculated lowest in energy for I ≈ 30, and the even spin
signature partner of the odd spin [22,12(+)] configuration
assigned to the WD5 band.
In the present level scheme, the negative-parity su-

perdeformed band SD5 has been added compared with
Ref. [18]. Thus, there are now three calculated bands
which must be assigned to the two calculated signa-
ture partner configurations, [22,13] and [22,23], shown
in Fig. 29. While the observed bands are at a very simi-
lar energy, the new SD5 band has a larger curvature, i.e.
a smaller value of J (2). This supports the conclusion in
Ref. [18] that the SD1 and SD2 bands should be assigned
to the [22,23] configuration with a higher spin content
than the [22,13] configuration, which is thus assigned to
the SD5 band. A problem with that interpretation is
that the SD1 and SD2 bands are essentially signature
degenerate which is a typical feature of the [22,13] bands
with one neutron hole in the 1f7/2 orbitals but not for the
[22,23] bands with an odd number of fp neutrons. On the
other hand, the calculated [22,23] bands might very well
become signature degenerate with a small change of the
single-particle parameters. Note also that with present
assignment, a signature degenerate partner of SD5 can
be expected.
The parity is not determined for the bands SD4 and

WD9 and therefore they are more difficult to interpret.
However, the SD4 band is interesting because it is com-
paratively low in energy at high spin and furthermore
strongly down-sloping when drawn relative to the rotat-
ing liquid drop reference. Indeed, the down-slope is so
steep that it is only the configurations in Fig. 29 with
either a third 1f7/2 proton hole or with an 1h11/2 neu-
tron which are reasonable candidates. Comparing calcu-
lations and experiment, the calculated down-slope is too
strong for the ν(h11/2)

1 configurations and closer to ex-

periment for the π(1f7/2)
−3 configurations. On the other

hand, the latter are calculated more than 2 MeV above
yrast. Therefore, it is not possible to give any conclusive
interpretation of the SD4 band at present.

E. Calculated deformations.

As discussed above, the different structures in 62Zn
are mainly characterized by the number of holes in the
1f7/2 orbitals q1 and by the number of particles in 1g9/2
orbitals q2. It was pointed out in Ref. [10] that the
deformation at low spin values of the observed bands in
59Cu is roughly proportional to q = q1 + q2 and this is
true also for 62Zn. For example typical deformations are
ε2 ≈ 0.28 for the configuration [11,02] (q = 4) assigned
to TB2, ε2 ≈ 0.33 for the configuration [22,02] (q = 6)
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FIG. 32: (Color online) Potential energy surfaces illustrat-
ing the shape at termination for bands showing favoured and
unfavoured terminations and non-terminating bands which
remain collective at I = Imax. The potential energy surface
at I = Imax is shown for the [01(+),02], [11,02], [22,02] and
[22,24] configurations assigned to the bands ND9, TB2a, WD1
and SD3. The contour line separation is 0.2 MeV with the
‘last’ contour line 4 MeV above the minimum.

assigned to WD1 and ε2 ≈ 0.40 for the configuration
[22,23] (q = 9) assigned to SD1, with γ-values in the
range 0◦ − 30◦.

Structure ND9 ([01,02]) is a nice example of a favored
termination with a well localized minimum at γ = 60◦.
Adding just one hole in the 1f7/2 orbitals, this turns into
the smoothly terminating band TB2 with a similar but
softer minimum at γ = 60◦. With one more hole in
the 1f7/2 orbitals and one more 1g9/2 particle, WD1 is
formed. This band appears to be an example of a non-
terminating band [56] observed up to the Imax value, even
though the life-times have not yet been measured. With
the excitation of more particles and holes, the superde-
formed bands are formed which are not observed all the
way to I = Imax but where the calculated configurations
are clearly strongly collective at that spin value, see Fig.
32.

It is also interesting to consider the value of the ε2
deformation at I = Imax. Indeed, it turns out that at
γ = 60◦, holes in the low-lying 1f7/2 orbitals, which
are down-sloping with increasing oblate deformation, will
rather counteract deformation. Thus, one would expect
the absolute value of ε2 to be roughly proportional to
q2 − q1. This is illustrated in Fig. 32 where the oblate
deformation at I = Imax is larger for the [01,02] configu-
ration than for the [11,02] configuration.

V. SUMMARY

The level scheme of 62Zn is interesting in many aspects.
First of all, it is one of the hitherto most comprehensive
level schemes ever deduced. Second, it is a particularly
illustrative example in the A = 60 region, simultaneously
giving rise to features of both very light nuclei – where
one nucleon makes decisive contributions to the structure
of a specific configuration [57] – and heavy nuclei, namely
by means of regular rotational bands. In the SD bands
in the A = 150 region, for example, it is possible to
follow the configurations with increasing particle number
by adding one particle in a specific orbital [58, 59]. This is
quite similar to the possibility to follow the configurations
in 62Zn with subsequent excitations from the 1f7/2 shell
into the fp orbitals and from the fp orbitals into the
1g9/2 shell as exemplified and summarized in Fig. 21.
Indeed, the possibility to follow the configurations from
close-to-spherical to large deformations from successive
excitations of holes and particles appears unique to the
A ∼ 60 region [10, 11, 14].
Essentially all aspects of band termination [43] occur

in 62Zn. Thus, as exemplified in Fig. 32, structures ND9
and TB2 are nice examples of favoured and unfavoured
band terminations while WD1 appears to correspond to
a non-terminating band [56]. Finally, the SD bands are
strongly collective at the highest spin values observed
which are two and three transitions short of Imax for SD2
and SD1, respectively, and they remain strongly collec-
tive also at I = Imax according to the calculations.
A special feature of favored terminating states are that

they might be fed by a large number of weak transitions
as first pointed out for 157Er [53]. This feature is seen for
several states in 62Zn, in particular the 16+ state of struc-
ture ND6, the 17+ state of structure ND7, or the 19−

state of structure ND9. For example, more than twenty
transitions feeding the ND6 16+ state are observed in
62Zn. Hitherto, a comparable resolution could only been
presented for the decay-out regime of the yrast superde-
formed band in 59Cu [13].
The comparison between calculations and experiment

gives suggestions on how the single-particle parameters
might be modified to improve the theoretical description.
In line with comparable extensive studies for other nuclei
in the region, it appears that the gap for particle num-
ber 28 should rather be somewhat enlarged while the en-
ergy cost to excite particles to the 1g9/2 shell should be
slightly decreased. Furthermore, the relative low-lying
highest-spin states of structures ND3 (14−) and ND7
(17+) in 62Zn suggest that the spacing between the 2p3/2
and 1f5/2 shells should be reduced. Such investigations
require and deserve a separate study.
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