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Excited states in the Z = 19, N = 29 neutron-rich 48K isotope have been studied using deep-
inelastic transfer reactions with a thick target at Gammasphere and with a thin target at the
PRISMA-CLARA spectrometer. The lowest excited states were located; they involve a proton hole
in the s1/2 or d3/2 orbital coupled to a p3/2 neutron. A new 7.1(5) ns, 5+ isomer, analog of the

7/2− isomer in 47K, was identified. Based on the observed γ-decay pattern of the isomer a revised
spin-parity assignment of 1− is proposed for the ground state of 48K.

PACS numbers: 21.60.Cs, 23.20.Lv, 27.40.+z, 25.70.Lm

I. INTRODUCTION

The yrast and near-yrast excitations in nuclei near
a closed shell are of special importance for nuclear
structure since such states carry information on single-
particle energies and two-body interactions. In partic-
ular, neutron-rich nuclei with nucleon numbers close to
the magic ones have become a testing ground for models
of exotic systems (see, e.g., [1, 2]). One area of special in-
terest concerns the isotopes around doubly-magic 48Ca.
While much experimental and theoretical progress has
been made in the understanding of excitations involving
neutrons and protons above N = 28 and Z = 20 [3–6],
knowledge of structures involving proton orbitals below
Z = 20 is more limited. This has recently led to a strong
interest in the experimental investigation of the neutron-
rich potassium isotopes, as they can provide guidance
for the theoretical description of proton-hole states with
respect to 48Ca.

For the Z = 19, one proton-hole potassium isotopes,
the lowest excitations can be attributed to the energy-
favored s1/2 or d3/2 proton-hole configurations. The con-
tribution from the next available, more tightly bound
πd5/2 orbital is expected to be rather small. Starting

with the N = 20, 39K isotope, a dramatic change in the
πd3/2 and πs1/2 single-particle energies occurs as the f7/2
neutron shell is being filled in heavier odd-A isotopes.
The πs1/2 state decreases rapidly in energy and eventu-
ally crosses the πd3/2 level at neutron number N = 28:
see Figure 6 and the discussion in Ref. [7]. This system-
atic trend is similar to that observed in the Ca isotopes

and has been explained in terms of the interactions be-
tween the nucleons in the selected proton and neutron or-
bitals located near the Fermi surface [2]. For the N = 29,
48K isotope, which is the subject of this report, the pre-
dominant proton-hole excitations are coupled to the sin-
gle valence neutron in the lowest available orbital; i.e.,
the νp3/2 state.

Information on the ground state of 48K was first ob-
tained from β-decay studies of this isotope produced in a
48Ca(n,p) reaction [8] and in high-energy fragmentation
[9]. The adopted (2−) tentative spin-parity assignment
for the ground state was based on the observed pattern
for the population of states in the daughter nucleus com-
bined with arguments based on the analogy with the sit-
uation in lighter odd-odd potassium isotopes. Based on
the measured log ft values for 48K β-decay, the Nuclear
Data Sheets evaluation allows for 1−, 2−, or 3− as a
ground state assignment [10]. The half-life of the 48K
ground state was determined to be 6.8(2) s [10]. Un-
til recently, no information on excited states of 48K was
available in the literature, apart from a report about the
identification of an isomer [11] which will be discussed
later. Some initial findings from the present study of
48K were reported earlier [12] and, in a more complete
way, in a conference communication [13]. On the other
hand, new results on the more neutron-rich 49K isotope,
obtained from the data sets used here, have been pub-
lished recently [7].
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II. EXPERIMENTS, DATA ANALYSIS AND

RESULTS

Data from three experiments of different types were
used to establish the 48K level structure. In all three
measurements deep-inelastic reactions with heavy ions
were used to populate excited states in the isotope of in-
terest. The first experiment, performed at the Argonne
National Laboratory ATLAS accelerator, was part of a
series of thick-target, γ-coincidence studies aimed at the
spectroscopy of neutron-rich nuclei inaccessible in fusion-
evaporation reactions [14]. The 330-MeV 48Ca beam
was impinging on a 50 mg/cm2-thick metallic 238U tar-
get placed at the center of the Gammasphere multide-
tector array [15]. Gamma-ray coincidence events were
collected with a trigger requiring the prompt coincidence
of at least three γ rays. The beam was pulsed with a
412 ns repetition rate in order to provide a separation
between prompt and delayed (isomeric and radioactive
decay) events. This arrangement provides an effective
means to investigate prompt events followed by an iso-
meric or a radioactive decay. The high-statistics coinci-
dence data collected in this experiment have been used to
establish extended level structures in several neutron-rich
nuclei near the 48Ca projectile, see e.g. [5, 16], where ex-
isting data provided a means of isotopic identification. In
the absence of any previous knowledge of excited states,
an isotopic assignment becomes an obvious challenge for
the neutron-rich potassium isotopes beyond N = 28. As
discussed in Ref. [7], an off-beam γ-coincidence analysis
revealed the presence of the known γ transitions associ-
ated with 48K and 49K β-decays, and this observation
firmly established the population of both isotopes. How-
ever, the identification of in-beam events associated with
these neutron-rich K isotopes required additional infor-
mation from another source.

The second experiment, aimed at providing this in-
formation, was carried out at the INFN LNL Legnaro
Tandem-ALPI accelerators. The same 238U + 330-
MeV 48Ca reaction was investigated with the PRISMA-
CLARA spectrometer [17, 18]. The wide-angle PRISMA
spectrometer [17] ensured A and Z identification of the
projectile-like reaction products and provided determi-
nation of the product velocity vectors, thereby allowing
proper Doppler correction of the accompanying γ rays
measured with the germanium detectors of the CLARA
array [18]. A 0.6 mg/cm2 238U target and a 48Ca
beam with a 0.6 pnA average intensity were used. The
PRISMA spectrometer was positioned at an angle of 52◦

with respect to the beam direction; i.e., in the vicinity
of the calculated grazing angle of 55◦. The focal plane
detection system of the PRISMA spectrometer provided
the required isotopic identification. The γ spectra asso-
ciated with several nuclei studied previously confirmed
the presence of all intense transitions established in ear-
lier thick-target experiments [19]. In addition, a few
new lines appeared which correspond to transitions from
short-lived states which could not be observed in thick-
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FIG. 1. Single γ-ray spectrum measured with the PRISMA-
CLARA spectrometer for the 48K fragments from the 238U
+ 330-MeV 48Ca reaction. The selection of a A = 48 mass
window from the distribution of potassium isotopes is pre-
sented in insert (a). A high-energy portion of the spectrum,
extending from 1300 to 1600 keV, showing weak 1409- and
1449-keV transitions is displayed in insert (b). See text for
further discussion.

target measurements due to the associated large Doppler
broadening.

The potassium isotope produced with the highest rate
was the N = 28, 47K isotope associated with one-proton
stripping from the 48Ca projectile. The 48K nuclei were
produced with a 4 times smaller yield (see Fig. 1(a)) that
was nevertheless sufficient to obtain a clean spectrum
of γ rays emitted by the fragments of interest. This γ
spectrum is presented in Fig. 1 together with an insert (a)
showing the mass window selected from the population
pattern of all K isotopes as measured at the PRISMA
focal plane.

The identification of three intense γ lines of 143, 279,
and 449 keV in Fig. 1 allowed to initiate the analysis of
the thick-target data in order to establish coincidence re-
lationships and construct a level scheme of 48K. It was
found that the 279- and 449-keV lines are in coincidence
with one another as well as with a third intense 1449-keV
γ transition (see coincidence spectra of Fig. 2(a) and (b))
of which only a trace could be observed in the PRISMA-
CLARA experiment (insert (b) in Fig. 1). Moreover, co-
incidence events for all three transitions were found in the
off-beam data. This indicated the existence of a short-
lived isomer, similar to the isomer in 47K which is known
to decay with the 1660-keV M2 transition [20]. The nat-
ural assumption that the 1449-keV γ ray could corre-
spond to an analogous M2 isomeric transition in 48K ex-
plains the near absence of this line in Fig. 1 since nuclear
products emitting γ rays with a few ns delay are prac-
tically removed from the view of the γ detectors in the
PRISMA-CLARA experiment. Consequently, in Table I,
which presents the list of 48K transitions, the intensities
of γ lines observed in the latter experiment (column 3)
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FIG. 2. Selected γ-coincidence spectra measured in the thick-
target 238U + 330-MeV 48Ca experiment at Gammasphere.
(a-c) Transitions identified in the 48K isotope with various
gate conditions; (d) Prompt γ-ray spectrum gated by delayed
449- and 1449-keV lines; (e) Decay curve of the 7.1 ns isomer
obtained with gates set on the 1409-1449 and 1409-449 keV
transition pairs.

represent essentially the population which excludes the
isomeric branch.

Further inspection of the coincidence spectra revealed
two additional weak γ lines at 1409 and 2675 keV - see
Fig. 2(c). A sort of the data in which prompt transitions
were correlated with delayed γ rays emitted within a 16-
50 ns time window after the prompt events demonstrated
that the 1409-keV line precedes in time the transitions
identified in the decay of the isomer (see Fig. 2(d)). This
established the level with the highest excitation above the
isomer observed in the present measurement as being lo-
cated at 3586 keV. The observation of this low-intensity,
1409-keV γ transition above the isomer proved crucial to
determine the half-life of the isomeric state from the tγγ
parameter. The decay curve of Fig. 2(e) corresponds to
a half-life value of T1/2 = 7.1(5) ns.

The 2675-keV line was found to be in coincidence only
with the 279- and 449-keV transitions and did not exhibit
any delayed component. Consequently, it was placed in
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FIG. 3. The 48K level scheme established in this study. See
text for a discussion of the placement of the weak transitions
and of the proposed spin-parity assignments.

the level scheme as feeding the 728-keV state from an
high-energy level located at 3403 keV. The remaining
143-keV γ transition assigned to 48K in the PRISMA-
CLARA measurement could not be readily correlated
with any of the transitions discussed above in the con-
text of the thick-target coincidence data. It was, there-
fore, placed as directly feeding the ground state. The
proposed 48K level scheme established from the observed
coincidence relationships is presented in Fig. 3. The en-
ergies and intensities of the 48K γ transitions determined
in both experiments are listed in Table I.

To obtain additional information relevant for both the
spin assignments and the interpretation of the 48K levels,
a further search focussed on possible linking and cross-
over transitions between the levels established above. In
this search, the delayed-γ coincidence data selected with
a narrow time window of 8-45 ns delay with respect to the
beam pulse were used. These provided a much cleaner
observation of the 7.1 ns isomeric decay. With this selec-
tion, the existence of a weak 585-keV γ branch feeding
the 143-keV state from the 728-keV level was readily es-
tablished, as is documented by the coincidence spectra
of Figs. 4(a) and (b). On the other hand, no trace of
a 728-keV cross-over transition nor of a 136-keV branch
from the 279-keV to the 143-keV level could be detected.
The coincidence spectrum with a single gate placed on
the 1449-keV line was sufficient to extract the relative
intensity for the 585-keV transition as well as to esti-
mate upper intensity limits for the unobserved 728- and
136-keV transitions. All of the relevant values are listed
in Table I.
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TABLE I. The energies and relative intensities of γ transi-
tions identified in the 48K isotope in the PRISMA-CLARA
and Gammasphere 238U + 330-MeV 48Ca experiments or-
dered by level energy. The intensity of the 1449-keV tran-
sition established in the PRISMA-CLARA measurement is
strongly reduced due to the isomeric decay. Upper intensity
limits are given for the unobserved 136-, 728-, and 1898-keV
linking and cross-over transitions (see text for details).

Level Transition Relative intensities

energy energy PRISMA-CLARA Gammasphere

Ei (keV) Eγ (keV) Iγ Iγ

142.7 142.7 (3) 44 (2) 4.3 (9)

279.0 279.0 (1) 100 100

136.0 < 1.0

728.0 449.0 (1) 65 (2) 100

585.0 (10) 2.5 (8)

728.0 < 0.8

2177.1 1449.1 (1) 3 (2) 41.5 (15)

1898.0 < 0.2

2034.5 (4) 1.2 (3)

3403.4 2675.4 (4) 3.1 (10)

3586.1 1409.0 (5) 5 (3) 5.4 (8)

An additional search was performed to establish the
decay of the 7.1 ns isomer and compare it in detail with
that of the known 7/2− isomer located at 2020 keV in
47K. In the latter case, a weak E3 branch to the 1/2+

ground state was observed [20] in competition with the
predominant M2 decay to the 3/2+ first-excited state.
The 47K isomer decay is also present in the data from the
Gammasphere experiment and the 2020-keV E3 γ branch
was found to be of 5.9(12)% of the intensity of the 1660-
keV M2 transition. This yield is by more than a factor 2
smaller than the value reported in the literature [20]. The
present 5.9% value was adopted for the extraction of the
B(E3) transition probability as the summing effects that
could possibly account for the difference between the two
measurements are negligible for Gammasphere detectors.
A search for similar competing branches in the 48K iso-
mer decay was carried out with the double γ coincidence
data in the delayed time range, since the only transition
feeding the isomer (1409 keV) is by far too weak for this
purpose. The γ spectrum obtained with the gate select-
ing the 279-keV transition did not show any trace of a
1898-keV line and a comparison with the strong 1449-keV
γ ray allowed to place a 0.5% upper intensity limit for an
isomer decay branch to the 279-keV level. On the other
hand, the gate set on the 143-keV transition displayed the
clear presence of a 2034-keV line. This coincidence rela-
tionship was confirmed by the appearance of the 143-keV
line when a reverse gate was placed on this high-energy
line. Crucial segments of these coincidence spectra can
be found in Figs. 4(c) and (d). It has to be noted that
the exact energy of the 142.7-keV line fits well the energy
of the first excited state as determined in the PRISMA-
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FIG. 4. Selected γ coincidence spectra measured with Gam-
maspere. The data were sorted with a time condition of 8-
45 ns after the beam pulse in order to enhance the detec-
tion sensitivity for weak γ rays emitted in decays of nanosec-
ond isomers. (a-b) Transitions identified in the 143-585-
1449 keV cascade from triple γγγ coincidences; (c-d) Cascade
of transitions at 143-2034 keV depopulating the 48K isomer at
2177 keV. The additional 209-keV line indicated in spectrum
(c) gated by the 2034-keV transition originates from the decay
of the 23 ns, 8+ isomer in 68Ni [22] which was also populated
in this experiment and has a line of similar energy.

CLARA experiment. Also, the energy of the 2034-keV
transition is in good agreement with the energy of the
relevant isomer decay branch. Moreover, the high-energy
2034-keV gate provides a particularly clean coincidence
spectrum, with the known 68Ni 2033-keV line [21, 22]
being the only apparent contaminant in the gate. This
accounts for the presence of the 209-keV line in the spec-
trum of Fig. 4(c). In summary, in the 48K isomer decay,
a weak decay branch to the 143-keV level was firmly es-
tablished and an upper limit on the intensity of an unob-
served branch to the 279-keV state was also determined.
The relative intensity of the 2034-keV branch (see Ta-
ble I) was obtained from the efficiency-corrected number
of counts observed in the 143-2034-keV and 279-1449-keV
coincidence gates. It has to be noted that the 143-keV
transition intensity given in column (4) of Table I rep-
resents the summed intensity observed in the 585- and
2034-keV feeding branches and excludes the direct popu-
lation of the 143-keV state seen in the PRISMA-CLARA
experiment.

Whereas the proposed spin-parity assignments of
states indicated in Fig. 3 will be discussed in the next
section, a third experiment will now be described as it
yielded additional information on the lifetimes of the 48K
excited states relevant for the present discussion. It is ob-
vious that all of the 48K gamma transitions observed as
discrete lines in the thick-target experiment are deexcit-
ing states with lifetimes and/or feeding times exceeding
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ray. Separation of components arising from γ emission before
(shifted to low energy) and behind the degrader (properly cor-
rected) served to derive ratios R = Iafter/(Ibefore + Iafter)
used to determine lifetimes (see text and Fig. 6). The two
components are indicated by dotted lines.

the ∼ 1 ps time required to stop the reaction products
in the target. Apart from the 7.1 ns isomer discussed
above, three other 48K transitions of 143-, 279- and 449-
keV were sufficiently strong to measure lifetimes. For this
purpose, the data from yet another experiment carried
out with the plunger technique [23, 24] at the PRISMA-
CLARA spectrometer were used.

In this experiment, the 310-MeV 48Ca beam was used
on a 1.0 mg/cm2 enriched 208Pb target evaporated onto
a 1.0 mg/cm2 Ta support. A 4 mg/cm2 natMg foil po-
sitioned at controlled distances ranging from 30 µm to
1240 µm after the target was used as an energy degrader
of the recoiling reaction products. After passing through
this degrader, the projectile-like products were selected
with the magnetic spectrometer PRISMA placed at the
grazing angle. The measured velocity vector allows to
correct properly for the Doppler shifts of γ rays emitted
behind the degrader. Gamma-ray emission before the
degrader results in a larger Doppler shift and the two
components of the three transitions can be readily sepa-
rated, as can be seen in Fig. 5. The relative intensities
of the two observed peaks as a function of the target-
degrader distance determine the lifetime of the state of
interest [24].

The fits of the R ratios defined as R = Iafter/(Ibefore+
Iafter) (where Iafter,before is the peak area of the tran-
sition emitted after and before the degrader) used to
determine the lifetimes of the 143-, 279-, and 728-keV
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FIG. 6. Experimental R ratios for different target-degrader
distances (see text) and fits used to determine the lifetimes of
the states deexcited by the 143- (top) and 279-, and 449-keV
(bottom) γ transitions. The feeding by the 449-keV transition
is taken into account in the lifetime determination of the 279-
keV state.

states are presented in Fig. 6, and the results of the life-
time analysis are listed in Table II along with the re-
duced transition probability values B(M1) derived from
the lifetimes, assuming an M1 multipolarity for all three
transitions. The fit used in the lifetime determination of
the 279-keV state takes into account the 70 % feeding
by the 449-keV transition from the 728-keV level. This
feeding was adopoted from experimental intensities and
was used as a fixed value in the lifetime fit. The error of
the 279-keV state lifetime reflects both the uncertainty
of the 449-keV transition lifetime and the 279-keV line
fit error. A feeding correction of the 449-keV transition
lifetime measurement is not necessary due to the long
lifetime of the 2177-keV state which excludes this branch
from observation in the plunger experiment.

TABLE II. Lifetimes and reduced transition probabilities es-
tablished for the three strong 48K γ lines measured in the
experiment with the plunger by the PRISMA-CLARA spec-
trometer. The B(M1) values where derived assuming a pure
M1 multipolarity for the transitions. Also included is the
B(M1) value for the 585-keV cross-over transition and the
upper limit obtained for the unobserved 136-keV transition.
The lifetime and the B(M1) value for the 360-keV transition
in 47K is listed for comparison.

Level Transition Lifetime γ branch Transition

energy energy probability

Ei (keV) Eγ (keV) τ (ps) (%) B(M1) (W.u.)

142.7 142.7 (3) 31 (8) 100 0.35 (9)

279.0 279.0 (1) 7.7 (15) 100 0.19 (4)

136.0 < 1.0 < 0.016

728.0 449.0 (1) 5.2 (10) 97.6 0.07 (1)

585.0 (10) 2.4 (8) 0.0007 (3)

360.0 360.0 1600 (400) 100 0.0004 (1)
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III. SPIN-PARITY ASSIGNMENTS AND

DISCUSSION OF THE RESULTS

The 48K isotope is one of the closest neighbors to the
doubly-magic 48Ca nucleus. As such it is expected to ex-
hibit a fairly simple spectrum of excitations likely to pro-
vide valuable information on the two-body interactions
of s1/2 and d3/2 proton-holes with a single p3/2 neutron.
Moreover, as will be shown below, comparisons of shell-
model expectations with the level structure of Fig. 3 and
with the gamma-decay information of Tables I and II
provides an opportunity to propose spin and parity as-
signments while achieving a consistent interpretation of
the observations.

For the neutron, the only configuration to consider for
excitations near the ground state is the p3/2 orbital, as
the p1/2 and f5/2 single-particle states can be inferred to
lie more than 2 MeV higher in excitation energy, based
on the known structure of 49Ca [25]. Similarly, from
the lowest-lying states in 47K [20], it can be concluded
that the dominant proton configurations will be associ-
ated with s1/2 and d3/2 holes as the former is associated

with the 1/2+ ground state and the latter with the 3/2+,
360-keV first excited state. Furthermore, the 7/2− iso-
meric state at 2020 keV in 47K has been attributed to the
πf7/2 ⊗ (πs−2

1/2)0+ and πf7/2 ⊗ (πd−2

3/2)0+ mixed configu-

rations [26]. It is worth noting that the same sequence
of proton excitations is preserved with only small energy
shifts in the presence of two additional p3/2 neutrons in
49K [7].

From these considerations it can be concluded that,
below the 1 MeV excitation energy, only six states of neg-
ative parity should appear in 48K: the (1−, 2−) doublet
and the (0−, 1−, 2−, 3−) quadruplet of states associated
with the πs−1

1/2 ⊗ νp3/2 and πd−1

3/2 ⊗ νp3/2 configurations,

respectively. Both states involving the s1/2 proton-hole
should be expected in the low-energy spectrum. From
the quadruplet of states involving the d3/2 proton-hole,

however, the 2− state should be located lowest in energy
and the maximally-aligned 3− level should be pushed
up significantly in energy in accordance with the well-
established properties of particle-hole interactions. An-
other important expectation comes from the consider-
ation that the coupling of the p3/2 neutron to the next
available f7/2 proton (particle) should produce a quadru-
plet of positive-parity states with spins I = 2 to 5. Here,
the maximally aligned 5+ coupling will be strongly fa-
vored to appear at the lowest energy. As a result, one
would anticipate that such an yrast state would be iso-
meric, since the decay to the lower lying 3− state would
require a transition of M2 multipolarity at the minimum.

The 48K level scheme established in the present work is
consistent with these simple shell model considerations.
The most prominent feature in Fig. 3 is the isomeric-
decay cascade of three γ transitions of 1449, 449 and
279 keV which can be associated with the decay through
the expected 5+ → 3− → 2− → 1− sequence of states.

The 2177-keV excitation energy and the 7.1 ns half-life
of the isomer mirror closely the properties of the 7/2−

isomer in 47K (located at 2020 keV and decaying with
the 6.3 ns half-life by a predominant 1660-keV M2 tran-
sition). The M2 assignment of the corresponding 1449-
keV transition is supported by the comparison of the ex-
tracted B(M2) values for the transitions in both isotopes
(see Table III). On the other hand, the measured picosec-
ond lifetimes of the 728- and 279-keV levels strongly fa-
vor an M1 character for the 449- and 279-keV transitions
and rule out an E2 multipolarity. These considerations
in turn settle spin-parity assignments of Iπ = 3− and
2− for the 728- and 279-keV states, respectively, as well
as Iπ = 1− for the 48K ground state. The low value
of the upper limit of the intensity of the 728-keV cross-
over transition is also consistent with these assignments
and reflects the inability of the E2 decay branch to com-
pete with a fast M1 transition within the multiplet. The
proposed 1− assignment to the 48K ground state differs
from the 2− assignment proposed previously [10]. The
latter could hardly be accommodated by the presently
observed sequence of levels. The previously accepted 2−

assignment was based essentially on the 48K β-decay pat-
tern which was recently reanalyzed [27]. Practically no
direct feeding was observed to the well-established 3−

states in the 48Ca daughter nucleus, an observation that
is consistent with the present 1− assignment.

Shell model expectations clearly favor the πd−1

3/2⊗νp3/2
configuration for the 3− and 2− assigned states and the
πs−1

1/2 ⊗ νp3/2 one for the ground state. Whereas the re-

maining 0− and 1− states from the first quadruplet con-
figuration could not be observed, presumably because of
their unfavorable non-yrast location, the strongly popu-
lated lowest lying 143-keV excited state is a good candi-
date for the 2− member of the doublet of states involv-
ing the s1/2 proton-hole. Two experimental facts provide
strong arguments in favor of this assignment and inter-
pretation. The first is the observation of a weak 585-keV
M1 decay branch from the 728-keV 3− state. The as-
sociated B(M1) value is about 100 times smaller than
that of the main 449-keV M1 branch and is very sim-
ilar to that of the retarded d3/2 → s1/2 transition in
47K (see Table II) [20]. The second fact, which is im-
portant since it firmly settles the 2− assignment, is the
observation of the 2034-keV E3 branch feeding the state
directly from the 5+ isomer. The extracted B(E3) value
for this branch is only about a factor 2 smaller than that
obtained for the f7/2 → s1/2 E3 branch in 47K (see Ta-
ble III). On the other hand, the absence of a similar E3
branch to the second 2− state at 279 keV agrees with this
state involving the d3/2 proton-hole, as such a transition
would require a spin-flip from the f7/2 state. Hence, it

is concluded that from the two observed 2− states, the
279-keV level is predominantly of πd−1

3/2 ⊗ νp3/2 charac-

ter, while the 143-keV level structure is dominated by
the πs−1

1/2 ⊗ νp3/2 configuration. The apparent negligible

mixing between both states is supported by the absence
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TABLE III. Comparison of the B(M2) and B(E3) reduced transition probabilities for transitions deexciting the 7/2− isomer
in 47K and the 5+ isomer in 48K.

Isotope Isomeric state Isomeric transition Transition probability

Ei (keV) Iπ T1/2 (ns) Eγ (keV) γ branch (%) Lπ B(M2) (W.u.) B(E3) (W.u.)
47K 2020.0 7/2− 6.3 (4) 1660.0 94.4 M2 0.028 (2)

2020.0 5.6 (11) E3 0.60 (12)
48K 2177.1 5+ 7.1 (5) 1449.1 97.2 M2 0.051 (4)

1898.0 < 0.5 E3 < 0.07

2034.5 2.8 (6) E3 0.25 (5)

of the 136-keV M1 linking transition for which an up-
per limit of B(M1) < 0.016 W.u. was measured (see
Table II).

Based on the simplicity of the observed 48K level
scheme and its straightforward interpretation derived
from shell-model considerations, the present assignments
can be adopted with some confidence. On the other hand,
the interpretation of the two highest-lying states at 3403
and 3586 keV remains somewhat speculative. Both 2675-
and 1409-keV transitions depopulating these states were
observed in the thick-target data as narrow lines. There-
fore, both levels must have lifetimes exceeding the 1 ps
stopping time of the 48K reaction products in the 238U
target. This finding practically excludes the presence of
M1 transitions and makes an E2 assignment to both tran-
sitions likely, suggesting spin and parity Iπ = 7+ for the
3586-keV state and Iπ = 5− for the 3403-keV level. Most
naturally, the 3586-keV state can be interpreted as a 2+

excitation of the two proton holes which are coupled as
a 0+ pair in the configuration of the 5+ isomeric state.
The 1409-keV E2 transition energy matches well with the
1553-keV 2+ excitation known in 46Ar [28]. On the other
hand, the interpretation of the 3403-keV 5− level can be
related to the 3357-keV f7/2 neutron-hole state seen in
49Ca [29]. The energy-favored, maximally-aligned spin
coupling of this f7/2 neutron hole with the d3/2 proton

hole then results in a 5− state with the πd−1

3/2⊗νf−1

7/2p
2
3/2

configuration.

The B(M1) values of Table II extracted from the
lifetimes of the 48K states measured in the PRISMA-
CLARA plunger experiment are characteristic of the fast
M1 transitions expected between states involving the
coupling of proton and neutron configurations. In this
context, the fast 143-keV M1 ground-state transition sup-
ports the interpretation proposed above that both initial
2− and final 1− states are of the same configuration with
a dominant s1/2 proton hole. Somewhat contradictory
to this conclusion is the large B(M1) value extracted for
the 279-keV transition. The latter would require a signif-
icant admixture of the πd−1

3/2 ⊗ νp3/2 configuration into

the ground-state structure. It is possible that the mixing
of the 1− states involving the s1/2 and d3/2 proton holes

is stronger than that concluded above for the 2− levels.

The parallel study by Ishii et al. [11] quoted in the

introduction was restricted to the isomeric decay of the
48K isomer. The authors determined a longer half-life of
13(2) ns for the isomer, but the established decay pattern,
although less complete, agrees in general with the present
findings, including the proposed spin-parity assignments.
It should be noted that the suggested presence of an un-
observed ∆x isomeric transition which would connect the
isomeric decay cascade with the 2− ground state reported
in the literature [11] appears to be rather artificial and
would add significant difficulties for the interpretation of
the observed levels and their decay pattern.

Shell model calculations involving proton-hole states
in this region of nuclei are rather scarce. In the recent
publication on the 49K isotope [7], experimental results
were compared with calculations by Nowacki and Poves
[30] and Gaudefroy [31]. These unrestricted 0h̄ω shell-
model calculations were carried out in the sd − pf va-
lence space (8 ≤ Z ≤ 20, 20 ≤ N ≤ 40) with the SDPF-
NR and SDPF-U interactions. In this approach, protons
fill the sd shells and neutrons occupy the pf orbitals.
The effective interactions consist of three parts: (a) the
USD interaction two-body matrix elements (TBME) for
the proton-proton interaction, (b) the KB interaction
TBME for the neutron-neutron interaction, and (c) the
(parametrized) G-matrix interaction from Ref. [32] for
the proton-neutron interaction. The monopole part of
the interaction was empirically modified to provide a
satisfactory description of the evolution of the effective
single-particle energies across a broad region of nuclei.
The SDPF-U interaction is a modified version of the
SDPF-NR one and it is claimed by the authors to rep-
resent an improvement [30]. However, in Ref. [7] results
using the earlier SDPF-NR interaction were selected for
comparison with the full spectrum of 49K experimental
levels (including also the 2+ coupling of the two p3/2
neutrons), since only this interaction reproduced prop-
erly the 1/2+ spin-parity assignment of the ground state
and the presence of a 3/2+ level as the low-lying first
excited state.

Calculations using both sets of interactions were per-
formed for 48K. In both cases, they fail to reproduce the
experimental results. Both interaction sets result in a 2−

ground state, well separated from the lowest excitations.
Using the SDPF-NR interaction, the first excited state is
calculated to be a 1− level at 0.42 MeV while the SDPF-
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U interaction predicts a second 2− level at 0.34 MeV
as the first excited state with the 1− state located at
0.39 MeV. The agreement is somewhat better for the 3−

state observed at 728 keV: it is calculated to lie at 0.78
and 0.67 MeV using the SDPF-NR and SDPF-U interac-
tions, respectively. However, the calculated 5− excitation
is at 2.62 and 2.97 MeV, respectively, i.e., much too low
when compared to the 3403-keV energy of the proposed
5− experimental state. In view of these disagreements,
there appears to be a need to question the earlier calcula-
tions reproducing relatively well the 49K isotope [7]. It is
hoped that the experimental results presented here will
provide further guidance for improved shell model calcu-
lations of proton-hole excitations in the 48Ca region.

IV. CONCLUSIONS

In summary, excited states which arise from the cou-
pling of a p3/2 neutron with s1/2 and d3/2 proton-holes

were identified in 48K. A new 5+ isomer with a half-life of
T1/2 = 7.1(5) ns, also reported in Ref. [11], corresponds
to the maximally aligned coupling of the p3/2 neutron

and the f7/2 proton. It is the analog of the 7/2− isomer

in 47K. The observed structure of the 48K excitations can
be interpreted in a fairly straightforward way with con-
siderations based on the coupling of the valence neutron

with proton-hole states. The established level energies
provide valuable information from which effective two-
body interactions between s1/2, d3/2 proton-holes and
the p3/2 neutron particle can be derived. Based on the
observed γ-decay pattern of the isomer and on new infor-
mation from the 48K β-decay, a revised 1− assignment is
proposed for the ground state of 48K. Two other states
observed at higher excitation energy above the isomer
were tentatively assigned and interpreted. It was also
concluded that the presently available shell model calcu-
lations require substantial improvements.
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