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Novel AJ =1 Sequence in "8Ge: Possible Evidence for Triaxiality
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A sequence of low-energy levels in J3Ge, has been identified with spins and parity of 2+, 3, 47, 57,
and 67. Decays within this band proceed strictly through AJ = 1 transitions, unlike similar sequences in
neighboring Ge and Se nuclei. Above the 2% level, members of this sequence do not decay into the ground-
state band. Moreover, the energy staggering of this sequence has the phase that would be expected for a
y-rigid structure. The energies and branching ratios of many of the levels are described well by shell-model
calculations. However, the calculated reduced transition probabilities for the AJ = 2 in-band transitions
imply that they should have been observed, in contradiction with the experiment. Within the calculations of
Davydov, Filippov, and Rostovsky for rigid-triaxial rotors with y = 30°, there are sequences of higher-spin
levels connected by strong AJ = 1 transitions which decay in the same manner as those observed
experimentally, yet are calculated at too high an excitation energy.
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Atomic nuclei exist in a variety of shapes, with closed-
shell ones adopting spherical symmetry, and those between
closed shells possessing varying degrees of spheroidal
deformation. For most deformed nuclei, the ground states
are characterized by axially symmetric configurations with
equilibrium shapes corresponding to either prolate or oblate
ellipsoids. However, in many cases, strong deviations from
axial symmetry in the nuclear mean field have been
observed. Evidence suggests that some nuclei, especially
those in the so-called transitional regions between closed
shells, exhibit structural features suggestive of shapes with
broken axial symmetry. The parameter f is often used to
describe an ellipsoid that deviates from spherical symmetry,
yet retains axial symmetry. A deviation from axial sym-
metry is denoted by the y parameter [1]. These axially
asymmetric nuclei are often described phenomenologically
using two major models. The rigid-triaxial rotor model of
Davydov and Filippov (DF) [2] assumes a collective
potential with a stable minimum at a fixed value of y,
and, hence, a rigid triaxial shape. Subsequently, Davydov
and Rostovsky [3] published expressions for the descrip-
tion of higher-spin states. In contrast, the y-unstable model
of Wilets and Jean (WJ) [4] incorporates a y-independent
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collective potential, with wave functions spread out in the y
direction resulting in a so-called y-soft structure.

The description of axially asymmetric nuclei and the
corresponding behavior of triaxial rotors has been a subject
of much interest in nuclear-structure research [5—8]. While
significant progress has been made in recent years towards
understanding static and dynamic effects due to triaxiality
at high angular momenta [9-14], open questions remain.
One issue that has attracted much attention is whether
axially asymmetric nuclei are characterized by y-rigid or y-
soft triaxiality in their ground-state configuration. Finding
experimental evidence for low-energy static triaxiality has
remained a challenge since, as summarized in Ref. [15], the
underlying signatures have not been fully realized. Several
studies [16,17] have now established that the low-energy
spectra of most asymmetric nuclei have structures that are
generally more complex and often lie between the geo-
metrical predictions of the DF rigid-triaxial rotor model and
the WJ y-soft prescription.

The presence of a sequence of excited states built upon
the second 2" level at low excitation energy in deformed
nuclei is generally regarded as a prerequisite for triaxiality
[1-4]. However, such y bands are most often associated
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with a vibration rather than a rigid triaxial shape. The
staggering pattern, defined by

_BU) = BU 1)~ [BU - 1) = B ~2)
S EC)) ’

was proposed as a means of distinguishing a rigid structure
from a y-soft sequence [15]. For level energies with a
dominant J(J + 1) spin dependence, such as found in axial
rotors, all S values will be positive. For sequences in nuclei
where the axial symmetry is broken, however, this function
alternates between high and low values, as each odd-spin
state is pushed closer to the even-spin state either above it (y
soft) or below it (y rigid) in the band [15]. As a result, the
soft and rigid cases can be distinguished by whether the
even-J values for § are negative or positive, respectively.
Based on this approach, the energy pattern of the y band in
76Ge, shown in Table I, suggests rigid triaxial deformation
[18]. Specifically, the phase of the odd-even staggering S
was shown to be consistent with the DF-model prediction.
The identification of 7°Ge as a possible rigid triaxial
nucleus was foreshadowed theoretically by Larsson et al.
[19], and then by Ragnarsson, Nilsson, and Sheline [20]. In
the latter work, a potential-energy surface with a deep
triaxially deformed ground-state minimum centered at f =
0.27 and y = 35° was reported for 7°Ge. Furthermore,
Larsson et al. [19] predicted nonaxial shapes due to gaps
in the single-particle spectrum for nuclei with neutron
and/or proton numbers of 26, 32, 44, and 46 when f ~ 0.3
and y ~ 30°. Other, more recent calculations [21] support
the view of triaxiality in °Ge. Decades after the Larsson
work, experimental confirmation of predictions by their
approach were reported in the numerous examples of
triaxiality near the ground states of the even-even
108-114Ru nuclei [22,23] as well as in the presence of
two coexisting triaxially deformed shapes in g%Ge [24].
In this Letter, a markedly different sequence of levels with
spins 27 —6" built upon the 27 state is reported in "*Ge. As
discussed below, although qualitatively similar to sequences
in adjacent 7>7476Ge nuclei, this “band” is quantitatively
different to the extent that it might possibly be viewed as a
candidate for the long-sought DF rigid-triaxial rotor with

TABLE I.  Staggering values S(J) observed in the even ;,Ge
and 5, Se isotopes for J =4, 5, 6.

"8Geyq Gey, "Gey, "2Gey
S4) 0.35 0.09 - 0.04 -0.24
S(5) —-0.38 —-0.03 0.11 0.26
S(6) 0.15 0.15 0.14 —-0.35

8OSe46 788644 765642 745640
S(4) —-0.36 -0.25 —-0.16 —-0.53
S(5) 0.25 0.15 04
S(6) -0.17 0.03 -0.28

y ~ 30°. Hence, this sequence is designated by a new label,
“k band,” as opposed to the traditional “y band” applied to
the even Ge neighbors. This « band differs from the y ones
by the absence of AJ =2 crossover transitions into lower
members of the sequence, as well as by the absence of
transitions into any of the lower-energy yrast and near-yrast
states, other than the ground state, that could be populated by
AJ = 2 transitions. Another puzzling property of the x band
is the presence of strong E1 transitions that both populate
and depopulate various levels of the sequence.

The data on "3Ge presented here were obtained with the
Gammasphere array [25] at the ATLAS facility at Argonne
National Laboratory following multinucleon transfer reac-
tions of a 530-MeV "%Ge beam with a thick ~50 mg/cm?
2380 target, and 450-MeV 7Ge beams with ~50 mg/cm?
208ph and ~31 mg/cm? 98Pt targets. Details about the
experimental conditions and analysis procedures can be
found in Refs. [26,27]. In addition, data measured under
similar experimental conditions with ®Ni, 7%Zn, and ¥’Se
beams at energies ~20% above the Coulomb barrier on
thick '”7Au, 2°%Pb, and 238U targets were also examined for
confirmation of the results presented below. Earlier work
on "3Ge has recently been compiled in Refs. [28,29] and
served as a starting point for the study reported here.

The coincidence spectrum of Fig. 1(a), double-gated on
the two lowest Ge yrast transitions, depicts a 1076.0-keV
y ray from the previously established 57 level [30,31],
along with the newly identified 10{ — 8/ transition at
1120.7 keV, as well as other y rays assigned to "8Ge. The
spectrum of Fig. 1(b) illustrates the y rays feeding into the
27 (or 2) level, and includes the proposed new x band
sequence, i.e., the 535.5-keV 6 — 5, the 440.8-keV
50 = 4F, the 674.8-keV 4F — 3}, and the 457.8-keV
3 — 2 transitions. The inset of Fig. 1(b) is a magnifi-
cation of the region where the crossover E2 transitions
(e, 65 —4f, 57 >3F, and 4F —25) would be
expected. A partial level scheme presenting the sequences
of interest here can be found in Fig. 2(a). A more complete
scheme will be presented in a forthcoming publication [32].

The spin-parity assignments in Fig. 2 are based on
angular-correlation data from the present measurements,
complemented by earlier results from (#, p) reaction studies
[30,31] and f decay [33,34]. Angular correlations [32,35]
for three critical cascades are presented in Fig. 3. In the
gate on the 950.6-keV 4] — 2] y ray [Fig. 3(a)], the
1076.0-keV line was identified as a dipole transition.
Similarly, in Fig. 3(b) a gate on the 1024.9-keV xband
transition led to the determination that the 674.8-keV y ray
is also of dipole character. The 2319- and 3295-keV states
of the x band are assigned respective 4™ and 6™ quantum
numbers based on this work and on the results of the (¢, p)
reactions [30,31]. The angular correlations involving the
457.8-keV transition [Fig. 3(c)] support a spin 3 assign-
ment for the 1644-keV level. As a result of this analysis,
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FIG. 1. Coincidence spectra from the multinucleon transfer

reaction of "°Ge + 23U with 78Ge y peaks labeled by their
energies in keV. (a) Spectrum with a double gate placed on
the 950.6-keV 4 — 2{ and the 619.2-keV 2] — 0] transitions.
(b) Spectrum in coincidence with the 619.2-keV ground-state
transition and the 567.1-keV y ray linking the 2;f and 2 states.
The inset in (b) is an enlargement meant to indicate the absence of
the AJ =2 crossover transitions discussed in the text. Their
locations are indicated by the expected transition energies marked
in green. Note that, while very weak, the 976-keV peak is
associated with a contaminant transition in another nucleus. The
8Ge peaks identified in these spectra with an * do not appear in
the partial level scheme shown in Fig. 2. The green triangles in
both spectra mark a transition from the 7%Ge beam, while the
diamonds correspond to y rays from the 23U target. A red square
marks the positron annihilation peak.

firm spin and parity assignments are proposed for the levels
of the yrast sequence up to the 4835-keV 10" state, to the 3~
and 5~ levels at 2665 and 2646 keV, as well as to the 65 —
50 = 4F — 37 — 2 cascade. Spin and parity values of 2™
and 41 are firmly established for the levels at 1843 and
2292 keV, respectively, from (z, p) reaction studies.

As stated above, the focus of the present discussion is on
the x band, i.e., the sequence of states linked by transitions
marked in red in Fig. 2(a). It should be noted that the 5%
and 6" levels of this band are fed from higher-lying states.
The latter are likely of a different character in view of the
transition energies and the deexcitation pattern involved.
Some marked differences can be noted between the proper-
ties of the x band and those observed in the y bands of the
even '>7%Ge isotopes and of the Se isotones. This is
illustrated in Table I where the S(4), S(5), and S(6) values
of the staggering parameter are compared. At least three
observations can be made. First, the S(J) values in "*Ge are
out of phase (as are those in Fig. 4 of Ref. [36]) with those
seen in '>’Ge and in all the Se isotones. Second, the
absolute S(J) values are larger than those in most other Ge
and Se even-A nuclei in the immediate vicinity. Finally, the

oscillations in the S(J) values exhibit the same phase in
7%Ge and 8Ge, where the former is the only Ge isotope for
which rigid triaxiality has been proposed thus far on the
basis of this behavior [18] (see also Fig. 4 of Ref. [36] for a
similar behavior in nuclei of other regions suggested to
adopt a triaxial shape).

Two approaches have been adopted to describe the
observed level structure of 7Ge. Given the success of
shell-model calculations performed for 7°Ge [37], similar
calculations have been carried out [32] for the 7%7Ge, s
even-A nuclei with the jj44b interaction using NUSHELLX
[38] with a more detailed description of the model space
and interaction in the appendix of Ref. [37]. The calculated
results generally agree for both the closed-shell %’Ges,
nucleus, where only broken proton pairs are involved, and
80Ge,g, where one broken vgq /2 Neutron pair is also present.
The results for 3Ge are given in Fig. 2(b). Although the
positions of many of the levels are reproduced qualitatively,
including the (go/,)g? level, no quenching of any of the
AJ = 2 transitions is produced. The level energies of non-
yrast states are consistently calculated over 300 keV too
high, owing to cross-shell interactions unaccounted for in
the jj44 model space. Yet, despite this truncation, the spin
assignments of the positive-parity levels are sequentially in
agreement. The branching from the 3% and 27 levels are
calculated to be less than 2% into the ground-state band,
whereas experimentally, the branchings determined in this
work are 64% and 52%, respectively. Whether the
observed 4, state should be associated with the 2707-
or 2886-keV level is uncertain, but both are calculated
to predominantly decay into the ground-state band by
83% (sum of two branches) and 93%, in contrast with
the experimental data. The two calculated 5 states are
different in character with the one at 3363 keV decaying
primarily to the 3" state, and the 3759-keV one to the yrast
4% level. Again, the calculated decay patterns do not
match the observed branching in the x band. It is, thus,
concluded that the calculated branching ratios from the
shell-model calculations do not account for properties
observed experimentally.

The second approach adopted here considers calcula-
tions within the Davydov-Filippov-Rostovsky (DFR)
model at higher excitation energies. The decay pattern
for a rigid-triaxial rotor with y = 30° is found in Fig. 4.
Several features stand out for these calculations. The 3]
level has the low excitation energy expected of a rigid
triaxial nucleus. Three 4 levels emerge, located at con-
siderably higher energies than the nearly degenerate exper-
imental counterparts, with the lowest becoming the second
excited state in the ground-state rotational band. The
calculated state at 3509 keV has an inhibited decay to
the 37 level with branches that appear similar to those for
the 4% level observed experimentally at 2292 keV, and not
for the 4; state, which has a measured half-life of 43 ps
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(a) Partial experimental decay scheme for "3Ge. Level and transition energies are in keV. Data for AJ = 1 transitions in the

proposed k band are given in red. (b) Results from NUSHELLX calculations in the jj44b model space (see text). Calculated transitions

with < 10% branching ratios are given with open arrows.

[34]. Experimentally, no transitions were identified feeding
into the 2292-keV state, complicating the character of the
decay from the predicted 6192-keV 67 state. The calculated
4128-keV 47" state, on the other hand, has a strong branch
to the 37 level with inhibited transition strength to the other
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FIG. 3. Angular correlations measured in the 7°Ge + 23U

reaction. (a) The 1076.0-keV, 57 —4{ transition in the
950.6-keV coincidence gate; (b) the 674.8-keV, 4} — 3}
transition in coincidence with the 1024.9-keV y ray; and
(c) the 457.8-keV, 3} — 2 transition in the 619.2-keV gate.
The curves are the result of fits to the data with a conven-
tional expansion in terms of Legendre polynomials, i.e.,
W(0) = Aol + (A2/Ag)P2(cos 0) + (A4/Ag) P4(cos 0)].

lower-energy 27, and 4] levels. The decay of this level
indicates a large B(E2) value to the 3509-keV 47 state.
Experimentally, these states are 17 keV apart, with a
transition that cannot be observed with Gammasphere.
Two 57 levels also come forth, the upper of which exhibits
a strong branch to the calculated 45 level with an inhibited
transition strength to other, lower-energy 4* levels. The
experimental equivalent of the 57 state at 3715 keV could
not be identified. A second 6 state emerges as well with a
strong branch to the second 5% level similar to the
observations for the 3295-keV level.

Hence, a pattern is found in which pairs of states with the
same spin and parity are present with the upper member
decaying largely by a AJ = 1 transition as observed in the
k band. However, the DFR model predicts the states above
3% at much higher energies than found experimentally,
states that have not yet been observed, and a B(E2) ~ 0
value for the 25 — O transition. This nonzero B(E2) value
in "3Ge is contrary to that predicted by the DFR and that
experimentally found in neighboring triaxial *Ge [18].

To summarize, the level structure of 73Ge has been
considerably expanded in the present work. A structure, the
k band, reminiscent of the y bands observed in the lighter,
stable, even Ge isotopes, has been delineated over the 27" to
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FIG. 4. B(E2) and energy-level calculations for 3Ge with y =
30° in the DFR model with energies normalized to the experimental
27 — 0" value. The transitions in red depict the equated k-band
transitions. Transitions not shown have a B(E2) value of 0.

6" range with, however, marked differences in the feeding
into and the decay out of the sequence. It appears that with
only four neutron holes and four proton particles with
respect to the doubly magic "®Ni, this nucleus displays a
rather complex interplay between single-particle and col-
lective degrees of freedom. A number of the observed
features can be accounted for in shell-model calculations
using one of the most recent effective interactions. On the
other hand, aspects of the decay pattern with enhanced
AJ = 1 transitions and quenched AJ = 2 transitions within
the band are in line with expectations of the DFR model
assuming a rigid triaxial shape with y = 30°. These
observations remain challenging to describe and further
experimental and theoretical work is required to elucidate
the properties of "8Ge further.

The authors are grateful to B. A. Brown, R. F. Casten,
and D. J. Hartley for their helpful discussions. This work is
supported by the U.S. Department of Energy, Office of
Science, Office of Nuclear Physics, under Contracts
No. DE-AC02-06CH11357 (ANL) and No. DE-ACO02-
98CH10886 (BNL), and Grants No. DE-FG02-
94ER40834 (Maryland), No. DE-FG02-97ER41041
(UNC), and No. DE-FG02-97ER41033 (TUNL). This
research used resources of ANLs ATLAS facility, which
is a DOE Office of Science User Facility.

*aforney@urnd.edu

fwwalters@umd.edu

*Present address: U.S. Army Research Laboratory, Adelphi,
Maryland 20783, USA.

$Present address: Physics Division, Argonne National Lab-
oratory, Argonne, Illinois 60439, USA.

[1] A. Bohr and B.R. Mottelson, Kgl. Danske Videnskab.
Selskab Mat. Fys. Medd. 27, 1 (1953).

[2] A.S. Davydov and G.F. Filippov, Nucl. Phys. 8, 237
(1958).

[3] A.S. Davydov and V.S. Rostovsky, Nucl. Phys. 12, 58
(1959).

[4] L. Wilets and M. Jean, Phys. Rev. 102, 788 (1956).

[5] J. A. Pinston, S. Andre, D. Barneoud, C. Foin, J. Genevey,
and H. Frisk, Phys. Lett. B 137, 47 (1984).

[6] 1. Hamamoto and H. Sagawa, Phys. Lett. B 201, 415 (1988).

[7]1 A.B. Hayes et al., Phys. Rev. Lett. 96, 042505 (2006).

[8] S. Frauendorf, Rev. Mod. Phys. 73, 463 (2001).

[9] D.J. Hartley et al., Phys. Rev. C 80, 041304 (2009).

[10] S. W.@degard, G. B. Hagemann, D. R. Jensen, M. Bergstrom,
B. Herskind, G. Sletten, S. Térménen, J. N. Wilson, P. O.
Tjgm, I. Hamamoto, K. Spohr, H. Hiibel, A. Gorgen, G.
Schonwasser, A. Bracco, S. Leoni, A. Maj, C. M. Petrache,
P. Bednarczyk, and D. Curien, Phys. Rev. Lett. 86, 5866
(2001).

[11] G. Schonwaler et al., Phys. Lett. B 552, 9 (2003).

[12] A.D. Ayangeakaa et al., Phys. Rev. Lett. 110, 172504
(2013).

[13] J. T. Matta et al., Phys. Rev. Lett. 114, 082501 (2015).

[14] S. Zhu, U. Garg, B.K. Nayak, S.S. Ghugre, N.S.
Pattabiraman, D. B. Fossan, T. Koike, K. Starosta, C. Vaman,
R. V.F. Janssens, R. S. Chakrawarthy, M. Whitehead, A. O.
Macchiavelli, and S. Frauendorf, Phys. Rev. Lett. 91, 132501
(2003).

[15] N. V. Zamfir and R.F. Casten, Phys. Lett. B 260, 265
(1991).

[16] C.Y. Wu and D. Cline, Phys. Rev. C 54, 2356 (1996).

[17] C.Y. Wu, D. Cline, T. Czosnyka, A. Backlin, C. Baktash,
R. M. Diamond, G. D. Dracoulis, L. Hasselgren, H. Kluge,
B. Kotlinski, J. R. Leigh, J. O. Newton, W. R. Phillips, S. H.
Sie, J. Srebrny, and F. S. Stephens, Nucl. Phys. A607, 178
(1996).

[18] Y. Toh et al., Phys. Rev. C 87, 041304 (2013).

[19] S.E. Larsson, G. Leander, I. Ragnarsson, and N. G. Alenius,
Nucl. Phys. A261, 77 (1976).

[20] I. Ragnarsson, S. G. Nilsson, and R. K. Sheline, Phys. Rep.
45, 1 (1978).

[21] G. H. Bhat, W. A. Dar, J. A. Sheikh, and Y. Sun, Phys. Rev.
C 89, 014328 (2014), and references therein.

[22] J. A. Shannon, W. R. Phillips, J. L. Durell, B. J. Varley, W.
Urban, C.J. Pearson, I. Ahmad, C.J. Lister, L. R. Morss,
C. W. Nash, K. L. Williams, N. Schulz, E. Lubkiewicz, and
M. Bentaleb, Phys. Lett. B 336, 136 (1994).

[23] D.T. Doherty et al., Phys. Lett. B 766, 334 (2017).

[24] A.D. Ayangeakaa et al., Phys. Lett. B 754, 254 (2016).

[25] L-Y. Lee, Nucl. Phys. A520, c641 (1990).

[26] I. Stefanescu, W. B. Walters, R. V. F. Janssens, S. Zhu, R.
Broda, M. P. Carpenter, C.J. Chiara, B. Fornal, B. P. Kay,
F. G. Kondev, W. Krolas, T. Lauritsen, C.J. Lister, E. A.
McCutchan, T. Pawlat, D. Seweryniak, J. R. Stone, N.J.
Stone, and J. Wrzesinski, Phys. Rev. C 79, 064302 (2009).

[27] C.J. Chiara et al., Phys. Rev. C 91, 044309 (2015).

[28] A.R. Farhan and B. Singh, Nucl. Data Sheets 110, 1917
(2009).

212501-5


https://doi.org/10.1016/0029-5582(58)90153-6
https://doi.org/10.1016/0029-5582(58)90153-6
https://doi.org/10.1016/0029-5582(59)90127-0
https://doi.org/10.1016/0029-5582(59)90127-0
https://doi.org/10.1103/PhysRev.102.788
https://doi.org/10.1016/0370-2693(84)91103-1
https://doi.org/10.1016/0370-2693(88)90593-X
https://doi.org/10.1103/PhysRevLett.96.042505
https://doi.org/10.1103/RevModPhys.73.463
https://doi.org/10.1103/PhysRevC.80.041304
https://doi.org/10.1103/PhysRevLett.86.5866
https://doi.org/10.1103/PhysRevLett.86.5866
https://doi.org/10.1016/S0370-2693(02)03095-2
https://doi.org/10.1103/PhysRevLett.110.172504
https://doi.org/10.1103/PhysRevLett.110.172504
https://doi.org/10.1103/PhysRevLett.114.082501
https://doi.org/10.1103/PhysRevLett.91.132501
https://doi.org/10.1103/PhysRevLett.91.132501
https://doi.org/10.1016/0370-2693(91)91610-8
https://doi.org/10.1016/0370-2693(91)91610-8
https://doi.org/10.1103/PhysRevC.54.2356
https://doi.org/10.1016/0375-9474(96)00181-9
https://doi.org/10.1016/0375-9474(96)00181-9
https://doi.org/10.1103/PhysRevC.87.041304
https://doi.org/10.1016/0375-9474(76)90042-7
https://doi.org/10.1016/0370-1573(78)90004-2
https://doi.org/10.1016/0370-1573(78)90004-2
https://doi.org/10.1103/PhysRevC.89.014328
https://doi.org/10.1103/PhysRevC.89.014328
https://doi.org/10.1016/0370-2693(94)90238-0
https://doi.org/10.1016/j.physletb.2017.01.031
https://doi.org/10.1016/j.physletb.2016.01.036
https://doi.org/10.1016/0375-9474(90)91181-P
https://doi.org/10.1103/PhysRevC.79.064302
https://doi.org/10.1103/PhysRevC.91.044309
https://doi.org/10.1016/j.nds.2009.08.001
https://doi.org/10.1016/j.nds.2009.08.001

PHYSICAL REVIEW LETTERS 120, 212501 (2018)

[29] T. Faul, Thesis, Université Louis Pasteur—Strasbourg I,
2007.

[30] C. Lebrun, F. Guilbault, D. Ardouin, E.R. Flynn, D.L.
Hanson, S.D. Orbesen, G. Rotbard, and M. N. Vergnes,
Phys. Rev. C 19, 1224 (1979).

[31] J.F. Mateja, L. R. Medsker, H. T. Fortune, R. Middleton,
G.E. Moore, M. E. Cobern, S. Mordechai, J. D. Zumbro,
and C. P. Browne, Phys. Rev. C 17, 2047 (1978).

[32] A.M. Forney, W. B. Walters et al. (unpublished).

[33] D. A. Lewis, J. C. Hill, F. K. Wohn, and M. L. Gartner, Phys.
Rev. C 22, 2178 (1980).

[34] W.-T. Chou, D.S. Brenner, R.FE. Casten, and R.L. Gill,
Phys. Rev. C 47, 157 (1993).

[35] C.J. Chiara et al., Phys. Rev. C 86, 041304 (2012).

[36] E. A. McCutchan, D. Bonatsos, N.V. Zamfir, and R.F.
Casten, Phys. Rev. C 76, 024306 (2007).

[37] S. Mukhopadhyay, B. P. Crider, B. A. Brown, S. F. Ashley,
A. Chakraborty, A. Kumar, M. T. McEllistrem, E. E. Peters,
F. M. Prados-Estévez, and S. W. Yates, Phys. Rev. C 95,
014327 (2017).

[38] B. A. Brown and W. D. M. Rae, Nucl. Data Sheets 120, 115
(2014).

212501-6


https://doi.org/10.1103/PhysRevC.19.1224
https://doi.org/10.1103/PhysRevC.17.2047
https://doi.org/10.1103/PhysRevC.22.2178
https://doi.org/10.1103/PhysRevC.22.2178
https://doi.org/10.1103/PhysRevC.47.157
https://doi.org/10.1103/PhysRevC.86.041304
https://doi.org/10.1103/PhysRevC.76.024306
https://doi.org/10.1103/PhysRevC.95.014327
https://doi.org/10.1103/PhysRevC.95.014327
https://doi.org/10.1016/j.nds.2014.07.022
https://doi.org/10.1016/j.nds.2014.07.022

