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In-beam y-ray spectroscopy of negative-parity states of ¥’K populated in dissipative reactions
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In-beam y-ray spectroscopy was used to study excited states of the neutron-deficient nucleus *’K populated
in fast-beam inelastic-scattering and proton-removal reactions at high-momentum loss. New y-ray transitions
and yy coincidence relationships were established using the y-ray tracking array GRETINA. The extension of
the level scheme up to the first (13/27) state highlights the potential of this recently demonstrated population
pathway for studies of isospin symmetry involving mirror-energy differences. The nature of the newly identified
states is discussed in comparison to shell-model calculations with the FSU cross-shell effective interaction. The
calculated occupation numbers of individual orbitals are shown to offer a consistent explanation of the measured

mirror-energy differences between 7K and ¥ Ar.
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I. INTRODUCTION

The approximate charge independence of the two-body
NN interaction [1] underpins the concept of isospin [2,3]
and leads to nearly identical level schemes of mirror nuclei,
i.e., pairs of nuclei with exchanged numbers of protons Z
and neutrons N. If the charge independence of the strong
interaction was perfect, the excitation level schemes of mirror
nuclei would be identical. Mirror energy differences (MEDs)
across a pair of mirror nuclei now arise from Coulomb effects
and weak isospin non-conserving interactions [4]. Examining
the drivers behind the magnitude of MEDs has become a
rich field of exploration over the past decades [5—8]. Recent
examples of studies of mirror symmetry in excitation spectra
tackled the heaviest pair (”Zn/7°Y) yet [9], one where both
mirror partners are unbound (*C/%He) [10], and the case of a
“colossal” MED for the A = 36 pair 3°Ca/3°S [11,12].

The present work is concerned with the high-spin states
of the mirror pair 3K /¥’ Ar, in the proximity of the extreme
case of A = 36 referenced above. The A = 36, 37 pairs are
challenging in two ways: (i) the neutron deficient partner of
the pair is located near the proton dripline, making excited-
state spectroscopy challenging from the experimental point of
view and (ii) with respect to the theoretical interpretation, they
are located in the upper sd shell where intruder states from the
f p shell complicate a shell-model interpretation.

It was demonstrated recently that reactions induced by fast
beams of rare isotopes populate complex-structure higher-
spin states in the reaction products that underwent a large
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momentum loss [13,14]. Such reactions are exploited here
for the population of final states in 37K in two reaction
channels, one-neutron removal from ¥Ca and 3K inelastic
scattering off °Be, both at high momentum loss. This new
work on high-spin states of *’K adds to the sparse body
of data in the upper sd shell where large MEDs have been
reported for the J* = 13/27 states of the A = 35 and 39 mir-
ror pairs *>Ar/3Cl [15,16] and **Ca/*K [17], respectively.
In the lower sd shell, extensive studies of the mirror pairs
BMg/**Na [18,19] and 3'S/3'P [20,21] are available.

In the literature to date, excited states of 3K for the
purpose of spectroscopy were mainly populated in proton-
adding and nucleon-removing transfer reactions from stable
Ar and “°Ca, respectively. Together with results from
B decay of *'Ca [22,23], they yielded information on
excited states with angular-momentum quantum numbers
up to J =7/2. Above the low proton-decay threshold of
S,,(37K) = 1857.63(9) keV [24], their depopulation was
found to proceed via y-ray and proton emission [25,26].
The data from the y-ray spectroscopy presented here is
complementary since it provides first information on higher-
spin, negative-parity states hitherto unknown for 3’K. For
the mirror partner 3’ Ar, ample spectroscopic information on
excited states is available [27], including a recent expansion
of the level scheme by states up to about 10.6 MeV and
angular-momentum quantum number J = 21/2 populated in
the 2’ Al(">C, np)*” Ar fusion-evaporation reaction [28].

II. EXPERIMENT AND RESULTS

The experimental setup used in this measurement was the
same as in Refs. [13,14,29,30], which report results from
additional reaction channels, and is briefly introduced in

©2024 American Physical Society
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FIG. 1. Event-by-event particle identification plots of
projectile-like residues produced in the (a) °Be(*’K,X + y)Y
and (b) *Be(**Ca, X + y)Y reactions. The data displayed in the
figure has a particle-y coincidence condition applied.

the following. By fragmenting a stable “°Ca beam on a
799-mg/cm’> °Be production target, accelerated to
140 MeV /u by the Coupled Cyclotron Facility of the National
Superconducting Cyclotron Laboratory [31], the secondary
beam containing 'K and 3*Ca projectiles was produced.
Using a 300 mg/cm? aluminum wedge degrader, they
were separated from other reaction residues in the A1900
fragment separator [32], with the momentum acceptance
limited to Ap/p = 0.25%. The resulting secondary beam
comprised 3K and 3*Ca with shares of approximately 11%
and 85%, respectively. The secondary beam was impinged
on a 188-mg/cm’>-thick °Be foil located at the target position
of the S800 magnetic spectrograph [33], with midtarget
projectile energies of 58.0 and 60.9 MeV/u, respectively,
corresponding to velocities v/c =~ 0.337 and 0.345. The
results of the event-by-event particle identification, which
show a clear separation of different reaction products, are
displayed in Fig. 1. In the entrance channel, the incoming
species was identified via the time-of-flight difference taken
between two plastic scintillators located at the end of the
A1900 and the object position of the S800 analysis beam line.
The outgoing reaction residues were identified from their
energy loss in the spectrograph’s ionization chamber and the
time of flight measured between the object position of the
analysis beam line and the S800 focal plane [34].

With the given magnetic-rigidity setting, which was op-
timized for two-neutron removal from **Ca reported in
Ref. [30], only those 3"K nuclei undergoing a substantial mo-
mentum loss in the target reached the large-acceptance focal
plane of the S800. From Fig. 2, it becomes obvious that they
lie in the exponential low-momentum tail of the full parallel-
momentum distribution; in the case of the *Be(*’K,>’K)’Be
reaction, roughly 675 MeV/c below the momenta of ions
suffering target-induced energy loss only. The high reso-
lution y-ray spectrometer GRETINA [35,36], consisting of
12 detector modules with four 36-fold segmented high-purity
germanium crystals each, was placed around the target for the
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FIG. 2. Measured parallel-momentum distributions of the *"K
residues from the *Be(*’K, X)Y (solid black) and °Be(**Ca, X)Y
(dashed black) reactions using the logarithmic scale on the left. Their
exponential character reveals the large momentum loss of roughly
675 MeV /c. Parallel-momentum distributions for unreacted K and
3Ca ions, which suffered only target-related momentum losses, are
shown in red for comparison and use the vertical axis on the right
side. The given values for p, indicate the central momentum of the
individual isotopes in a given magnetic-rigidity setting of the S800
magnetic spectrograph.

detection of prompt y rays emitted in flight by the excited re-
action products. The interaction point with the highest energy
deposition, as obtained from online pulse-shape analysis, was
used for an event-by-event Doppler correction. Furthermore,
information on the momentum vector of beam-like ions traced
through the S800 spectrograph was included. The resulting
y-ray spectra for both reactions are shown in Fig. 3, using
nearest-neighbor add-back introduced in Ref. [36].

In the analysis,! y-ray energies below 2.5 MeV were de-
termined individually for each reaction channel with their
weighted average used in the ensuing discussion. Above
2.5 MeV, corresponding to panel (c) of Fig. 3, they are ob-
tained from the summed spectrum. Intensity ratios of y-ray
transitions given in the following are uncertainty-weighted
averages over both reaction channels. The spectra feature
peaks at 1369(5), 2162(7), 2284(3), 2755(7), and 3249(8) keV
stemming from known transitions to the 3/2% ground state
of 37K [27]. In coincidence with *’K nuclei excited in
the *Be(*’K, 3K +¥) ’Be reaction, a depopulating transition
of the 5/27 state at 3081.99(9) keV [27] is observed at
1705(5) keV whereas its remaining, weaker branching tran-
sitions cannot be resolved from the background. The hitherto
unknown y rays, including the most prominent peak at
1586(3) keV, are predominantly attributed to decays of
proton-unbound states—S,,(”K) = 1857.63(9) keV [24]—
into the isomeric 7/2~ state at 1380.25(3) keV [27]. Due to
its long half-life of 10.4(5) ns [27], the isomer’s depopulating

'In this work, uncertainties are propagated in the form of a Monte
Carlo method [37] and might be asymmetrically distributed. In the
following, such probability distributions are characterized by their
mode, i.e., the most probable value, and the lower and upper bound-
aries of the shortest coverage interval. The latter is constructed to
contain 68.27% of the distribution and, thus, the given uncertainties
are comparable to the 1o interval of a normal distribution.
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FIG. 3. Doppler-corrected add-back y-ray spectra in coincidence with K residuals identified in the S800 focal plane from (a) the
“Be(*’K, ¥K +y)’Be and (b) °Be(**Ca, *’K +y)X reactions. In panel (c), corresponding to energies above 2.5 MeV, the spectra of both
reaction channels have been added together. All identified y-ray transitions are labeled by their energy.

y rays are emitted too far behind the target for a meaningful
Doppler reconstruction, preventing a direct observation in the
spectra of Fig. 3. Employing the y y-coincidence relationships
inferred from Fig. 4, all y-ray transitions identified in the
two reactions are placed in the level scheme presented in
Fig. 5, with arrow widths scaled according to the intensities
summarized in Table I. The excited states reported here for
the first time will be discussed in the following.

The most intense y ray is placed as the transition from a
state at 2966(3) keV to the 7/2~ isomeric state. The former
is only known from an experiment employing the *°Ca(p, o)
reaction [26] and is identified as the mirror of the 9/2~
state of 37 Ar at 3184.74(19) keV [27]. Utilizing yy coinci-
dences, the y-ray transitions at 537(4), 1050(3), 2027(6), and
2586(5) keV are found to feed this state [cf. panel (b)
of Fig. 4]. The first depopulates a hitherto unknown state
at 3502(3) keV which is tentatively assigned quantum
numbers J* = 11/27, assuming mirror symmetry with the
3706.19(23)-keV state of *’Ar [27]. It furthermore fea-
tures an intense 2120(3)-keV transition to the 7/2~ state
at 1380.25(3) keV. The intensity ratio 1,,(537)/1,,(2120) =
0.23(5) is in agreement with 0.177(12) found for the corre-
sponding transitions in 3’ Ar [27].

The y ray observed at 1050(3) keV is only coincident
with the 1586(3)-keV transition. Thus, it is proposed to
originate from an excited state of K at 4016(3) keV. It
might coincide with a state at 4018(5) keV observed in the
“0Ca(p, ) reaction for which a dominant electromagnetic
decay channel is reported [26]. An additional depopulating
transition to the (5/2%, 7/27%) state at 2285.24(12) keV [27],
corresponding to a y-ray energy of 1730(3) keV, and an
intensity ratio 1, (1050)/1,(1730) = 0.61(10) singles it out
as the potential mirror for the 9/2 state of 3’ Ar located at
4021.6(3) keV [27]. The latter also features a weak decay
branch to the isomeric 7/2~ state which is not resolved from
the background in the present study of 3K (cf. Fig. 3).

From the coincidences between the 1586(3)- and
2586(5)-keV y rays the existence of an excited state at

5552(4) keV is concluded. As shown in Fig. 4 it also features a
branching transition to the (11/27) state at 3502(3) keV with
a y-ray intensity ratio 7,(2050)/I,(2586) = 0.631033. The
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FIG. 4. Doppler-corrected, add-back yy coincidence spectra
from gates on prominent transitions in the spectra shown in Fig. 3.
The coincidence relations deduced from the data displayed here,
which are the sum of both reaction channels, were used for the
construction of a level scheme. The insets enlarge the region of
the 2027(6)- and 2050(6)-keV doublet and show data from the
9Be(*®Ca, K +y )X reaction. They highlight that only the latter y
ray is coincident with 537(4) and 2120(3) keV.
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5552(4) _ 132) TABLE I. Relative y-ray intensities /, of transitions with energy
E, from excited states of *’K populated in the “Be(*’K, ¥’K +y) *Be
4991(7) (9/27) and *Be(*¥Ca, *K +y )X reactions. The corresponding y-ray spectra
| g are shown in Fig. 3. Transitions reported in Ref. [27] are marked by
g8 an asterisk.
4016(3) —(9/27) L, (%)
: 3502(3) E, (keV) ’Be(*’K.K)’Be ’Be(*Ca,K)X
3240———5/2* o7 3082
s \ 2966(3) 537(4) 6(3) 9(2)
2750 52 1 1050(3) 22(3) 13(2)
* +4
2285 5/2+,7/2+ 1369(5) 1575 7(3)
2170 :8'3/27 1586(3) 100 100
a8 1705(5)* 7+2 1(1)
1371 a2+ 1380 1730(3) 381 14(3)
1 1782(5) 7(2)
23 B 2027(6) 7 8(3)
EN 2050(6) 1+ 8(3)
|1 D 2120(3) 30(4) 41(4)
0 2162(7)* 5(3) 8(2)
2284(3)* 8277 53(4)
FIG: 5. Level scheme of K as populated_in the present work. 2586(5) 202) 12(2)
All excited states apart from the 1/2% and 7/2~ states at 1370.85(2) 2755(7)" 123) 502)
and 1380.25(3) keV, respectively, are located above the proton- 3249(8)* 9(3) 6(2)
separation threshold to the ground state of *Ar S,(07), which is 3609(11) 6(2) 42)

indicated by a grey line, and, thus, are proton unbound. States above
S,(2}) can furthermore proton decay to the 2 state of **Ar. The
arrow widths scale with the relative y-ray intensities obtained from
the *Be(*Ca, *’K 4y )X reaction (cf. Table I). All energies are given
in keV. Energies of excited states without uncertainties are taken
from Ref. [27]. Angular-momentum and parity quantum numbers in
parentheses are tentative.

only known excited state of 3’ Ar with these decay character-
istics is the 13/27 state at 5793.3(3) keV [27]. The branching
ratio of its decay transitions to the 11/2~ and 9/27 states,
which has recently been corrected to 0.67(4) [28], is in excel-
lent agreement with the results for 7K.

For the 4991(7)-keV state of 'K, y-ray transitions into
the 7/27 and (9/27) states at 1380.25(3) and 2966(3) keV
are observed, respectively. From the literature data available
for 37Ar [27,28], no state with matching decay pattern is
known. They either feature dominant decay branches not
observed here or, in the case of a 7/27,11/27 state at
4981.0(6) keV [27] only populated in the **S(a, ny) [38] and
3CI(*He, p) [39] reactions, lack the y-ray transition to the
9/2~ state at 3184.74(19) keV [38]. Its interpretation needs
additional input from theory which is presented in the follow-
ing section.

Finally, a weak y-ray transition at 1782(5) keV is observed
in the y-ray spectra following inelastic scattering of 3’K ions
[cf. panel (a) of Fig. 3]. No information on it is available in
the data sheets and a placement in the level scheme from a
coincidence analysis akin to Fig. 4 is not possible due to low
statistics. Thus, it remains unplaced in the level scheme shown
in Fig. 5.

While a comparison of excitation energies of the K />’ Ar
mirror pair is already found in Ref. [25], the extension of the
level scheme from the present work warrants a new review of
mirror-energy differences reported in Table II.

III. DISCUSSION

The assignment of angular momentum and parity quan-
tum numbers J* =9/27, 11/27, and 13/27 based on
isospin symmetry between *’K and *’Ar is supported by
the conclusions of Refs. [13,14]; stating that higher-spin,
negative-parity, complex-structure states are populated in
fast-beam induced, highly momentum dissipative processes
exploited in the present work. These states lie, due to their
unnatural parity, outside of the model space of sd-shell limited
Hamiltonians such as USDB [40] or USDC [41]. Instead,
their shell-model description necessitates the inclusion of
cross-shell excitations either from the 1p or, in the present
case of K, more importantly into the 1f-2p major shells.
The FSU interaction [42,43], which employs the extensive
spsdfp model space, is a recent representative of the class
of cross-shell interactions. Its comparison for A = 37 to the
level schemes of 3"K and *” Ar is presented in Fig. 6. Similar
to the neighboring, heavier A = 38 [14] and 39 [13] cases, the
agreement is good.

From the occupation numbers obtained in the calculations,
which are collected in Table II, the negative-parity states
above the isomeric 7/2~ state at 1380.25(3) keV (cf. Fig. 5)
are revealed as almost pure Ip-lh states with one proton
promoted into the 17/, orbit. Their mirror-energy differences
AE = EN<Z _ EN>Z exceed —190 keV which places them
within the range normally attributed to Coulomb-interaction
induced isospin breaking [44] if the larger spatial extent of
the wave functions due to proton-unbound nature of these
states in 'K is considered. The relative MEDs principally
originate in the different sizes of the valence orbitals and
relativistic electromagnetic spin-orbit corrections [45]. The
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TABLE II. Compilation of excitation energies E, and mirror-energy differences for states of the mirror pair *’K /¥ Ar observed in this
work. The levels are grouped in the same way as in Fig. 5. Excitation energies are compared to shell-model predictions E" using the FSU
effective interaction [40,41], which furthermore yield occupation numbers for 3K of the 1ds)2, 2512, 17,2, and 2p3), orbitals. Due to the
isospin-invariant nature of the interaction the occupancies of *’ Ar can be obtained through exchange of the proton and neutron labels.

E, (keV) Occupation numbers 7K

Jr K 7 Ar MED (keV) Eih (keV) v(ds2, Si2, f172, P3j2) w(dz2, Sij2, f172, P3j2)

3/2% 0 0 0 (2.21, 1.90, 0.00, 0.00) (3.07, 1.96, 0.00, 0.00)
1/2* 1370.85(2) 1409.84(7) —8.99(7) 1389 (2.60, 1.52, 0.00, 0.00) (3.53, 1.56, 0.00, 0.00)
3/2° 2170.18(13) 2490.17(13) —320.00(20) 2650 (2.43, 1.78, 0.01, 0.00) (2.48, 1.78, 0.26, 0.70)
7/2+% 2285.24(12) 2217.00(23) +68.24(26) 2135 (2.12, 1.93, 0.00, 0.00) (3.02, 1.99, 0.00, 0.00)
5/2% 2750.22(8) 2796.15(8) —45.93(12) 2770 (2.18, 1.92, 0.00, 0.00) (3.16, 1.93, 0.00, 0.00)
5/2% 3239.5(2) 3170.0(5) +69.5(6) 3154 (2.59, 1.58, 0.00, 0.00) (3.47, 1.72, 0.00, 0.00)
9/2~ 4016(3) 4021.6(3) —6(3) 4093 (2.07, 1.68, 0.39, 0.01) (2.90, 1.68, 0.46, 0.01)°
9/2~ 4991(7) 5240 (2.11, 1.67, 0.38, 0.00) (2.86, 1.69, 0.54, 0.02)
7/2~ 1380.25(3) 1611.28(5) —231.03(6) 1545 (2.57, 1.67, 0.02, 0.00) (2.58, 1.69, 0.96, 0.01)
9/2~ 2966(3) 3184.74(19) —219(3) 2913 (2.59, 1.60, 0.06, 0.00) (2.61, 1.67, 0.92, 0.00)°
5/2~ 3081.99(9) 3273.58(14) —191.59(17) 2844 (2.63, 1.54, 0.08, 0.01) (2.85, 1.47, 0.84, 0.02)
11/2~ 3502(3) 3706.19(23) —204(3) 3761 (2.45, 1.70, 0.09, 0.00) (2.55, 1.75, 0.87, 0.01)
13/2~ 5552(4) 5793.3(3) —241(4) 5786 (2.67, 1.64, 0.07, 0.00) (2.68, 1.74, 0.90, 0.00)

For the 2285.24(12)-keV state of K J™ = 5/2*,7/2" is found in Ref. [27].

®The 9/ 25 state has the structure of 1d3,, coupled to the 3| state of AL,
“The 9/2; state has the structure of 1f;/, coupled to the 2} state of S Ar.

MEDs for the 7/2~ and 3/2 states are negative, qualitatively
because the root mean square (rms) radii of the fp-shell
valence orbitals are larger than the sd-shell valence orbitals,
and the Coulomb valence-core interaction becomes relatively
smaller. In a finite potential well the rms radius of the 2p3,,
orbital is larger than that for the 1f7,, orbital because of
the smaller angular-momentum barrier for / = 1 compared to
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experiment experiment

FIG. 6. Excitation energies of low-lying states of the mirror
nuclei (a) ¥K and (c) *Ar compared to (b) shell-model calcula-
tions using the FSU cross-shell interaction. The angular-momentum
quantum number is revealed by the length of the line and positive
(negative) parity is indicated by red (blue) color. Black dots in the
panels displaying experimental data denote states with unknown
quantum numbers. The proton-separation thresholds of K to the
0 and 2 states of **Ar are indicated by grey lines.

| = 3. Thus, the valence-core Coulomb interaction is smaller
for 2p3, than 1f7,,, resulting in a Thomas-Ehrman shift for
low-/ orbitals [46,47]. This is observed in Table II for the
3/2~ state. It qualitatively explains the observed MEDs for the
37K /37 Ar mirror pair. Furthermore, it has to be noted that the
structure of the second and third 9/27 levels is different from
all other states in Table II in that they have about an equal
fraction of excited 1f7,, protons and neutrons resulting in a
displacement energy that is similar to the 3K /*’Ar ground
state and an MED of only —6(3) keV for the 9/2; state. More
quantitative calculations that take into account the many-body
Coulomb [4,48] and electromagnetic spin-orbit corrections
are beyond the scope of this paper.

The value of the proton separation thresholds for 'K to
the 0 and 2| states of *Ar, S,(07) = 1857.63(9) [24] and
SP(ZT) = 3828.01(10) keV [24,49], respectively, are shown
in panel (a) of Fig. 6. An evaluation of the y decays ob-
served for states above S p(OT) and S ,,(2?) must thus consider
estimates of the partial proton decay half-lives to the 0F
ground and first excited 2] states of *°Ar, respectively. The
calculated y-ray emission and proton-decay properties can
be used to shed some light on the newly found excited state
of 3K at 4991(7) keV. The shell-model results place 3/2~
and 5/27 states at 5048 and 5073 keV, respectively. For both
the y-decay pattern is not consistent with the experimental
observation (cf. Fig. 5). Two 7/27 states in the vicinity (4939
and 5012 keV) are predicted to predominantly proton de-
cay to the 2] and 0] states of **Ar with / =1 and 3 and
spectroscopic factors C2S = 0.024 and 0.015, respectively.
This is supported by experimentally determined y-to-proton
branching ratios which are reported to vanish for excited
states in this energy region with angular momentum quantum
numbers up to J = 7/2 [26]. The 9/25 and 11/2; states with
calculated excitation energies of 5240 and 4744 keV are the
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only other 1p-1h states in the region of interest. The latter
is most likely not observed in the present experiment since
it decays under emission of a proton from the f;,, orbital
with C2S = 0.035. In contrast, the spectroscopic factor of this
reaction for the 9/275 state is found to be 0.008, making the
existence of a sizable y-decay branch reasonable. Its predicted
electromagnetic decay behavior features dominant transitions
to the 7/2; and 9/2 states with an intensity ratio of roughly
0.5. The corresponding transitions are indeed observed in the
experimental data (cf. Fig. 5), however, with the intensity
ratio not well constrained due to low statistics. Hence, an
assignment J* = 9/27 is tentatively proposed for the state at
4991(7) keV. Based on the composition of its wave function
given in Table II, which is predicted to be similar to the (9/27)
state at 4016(3) keV, only a small energy displacement com-
pared to 3’ Ar is expected. As already mentioned in Sec. II, no
suitable state, i.e., with the right excitation energy and quan-
tum numbers, is found in the level scheme of 3’ Ar [27,28].
New experimental data on the 4981.0(6)-keV state, which
was not populated in the 2’ Al(*2C, np) ¥’ Ar reaction used in
Ref. [28], either in the form of an unambiguous determination
of its angular-momentum and parity quantum numbers or an
identification of its potential y-decay branch to the 9/2~ state
at 3184.74(19) keV, might clarify the situation.

IV. SUMMARY

In summary, excited states of the neutron-deficient nucleus
37K were populated in inelastic-scattering and proton-removal
reactions at high momentum loss. From subsequent in-beam
y-ray spectroscopy, an extension of the level scheme up to

the yrast (13/27) state is proposed. Shell-model calculations
using the FSU cross-shell effective interaction describe the
structure of the 3"K /3’ Ar mirror pair remarkably well and
highlight the importance of cross-shell excitations into the
pf shell for the interpretation of excited states of ’K. The
obtained occupation numbers of sd- and pf-shell orbitals sug-
gest an almost pure proton 1p-1h nature of the states on top of
the isomeric 7/2 state of 3’K. Two (9/27) states with com-
parable occupancies in the proton and neutron 1f;/, orbitals
are identified above 4 MeV; the former of which exhibits only
a small mirror-energy difference. The observed population
pattern, which favors higher-spin, negative-parity states, adds
dissipative reactions induced by intermediate energy rare-
isotope beams to the experimental toolbox for future studies of
mirror-energy differences for high-spin and complex-structure
states, especially if traditional population pathways of such
states through fusion-evaporation reactions are not viable.
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