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Short Note

High-spin states in 44Ca
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Abstract. High-spin states of the 44Ca nucleus populated in the 68 MeV 18O + 30Si reaction have been
studied in a γ-γ-recoil coincidence experiment. The level scheme of 44Ca has been extended up to 12.2 MeV.
In particular, the negative-parity band has been identified with the highest I = 13− level at 10.6 MeV.
This state is interpreted as the band-terminating state for the (d−1

3/2
f5
7/2) configuration.

PACS. 21.60.Cs Shell model – 23.20.Lv Gamma transitions and level energies – 27.40.+z 39 ≤ A ≤ 58

The excitations observed in the f7/2-shell nuclei pro-
vide a unique opportunity to study various aspects of nu-
clear properties due to not only the intrinsic motion of
individual nucleons and the shell effects, but also origi-
nating from a coherent motion of many nucleons. Such
phenomena lead to the evolution of nuclear deformation,
shape coexistence, creation of band-terminating states and
other collective properties.

In the lightest and heaviest nuclei of the region, the
yrast levels are built by the coupling of few valence
quasiparticles and thus exhibit properties characteristic
of spherical nuclei. Approaching the middle of the shell,
the coherent motion of many valence nucleons results in
the formation of yrast rotational bands. In this region, the
48Cr nucleus having the maximum number of valence par-
ticles is considered as the best rotor with the deformation
parameter β = 0.28 at low spin [1,2]. Moreover, in many
f7/2 nuclei, deformed structures coexist with the yrast ex-
citations and their nature has recently been extensively
studied. Very regular rotational bands of unnatural-parity
states have been identified in the light odd-A 43Ca, 45Sc
and 45Ti nuclei [3]. Theoretical description of their char-
acter requires collective d3/2-f7/2 cross-shell excitations.
In 45Sc the positive-parity band extends up to the band-
terminating state at spin Iπ = 31/2+ [4], which is the
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maximum available spin for the (πd−1
3/2f

2
7/2νf4

7/2) config-
uration [5]. Similar properties are exhibited by the rota-
tional band of negative-parity states recently observed in
the odd-odd 46V nucleus [6] where the band-terminating
state has also been identified. It is intriguing, however,
that until now very little has been known about unnatural-
parity levels in the even-even f7/2-shell nuclei. Usually in
these nuclei, negative-parity states lie higher in excitation
energy and their rotational behaviour is less pronounced.
Only in two cases, namely in the 44Ti [7] and 48Cr nu-
clei [2], such negative-parity bands have been observed up
to the high spin Iπ = 13− state, still below the maximum
spin value for the band termination.

In this work, we present results of our study of high-
spin states in the 44Ca nucleus. The experiment was per-
formed using the VIVITRON accelerator at IReS Stras-
bourg, utilising the high-efficiency EUROBALL IV ger-
manium γ-array in coincidence with the Recoil Filter De-
tector (RFD) [8]. The 44Ca nuclei were populated in the
(18O,2p2n) reaction with a pulsed beam of 68 MeV 18O
ions bombarding a metallic, 800 µg/cm2 thick 30Si tar-
get [9]. The use of the RFD allowed for a significant re-
duction of a large Doppler broadening of γ-lines caused by
high velocity (v/c = 2.8%) of 44Ca recoils [4]. A thorough
inspection of γ-γ- and γ-γ-γ-recoil coincidences, together
with DCO ratios and γ-polarisation information, provided
the high-spin level scheme of the 44Ca nucleus (fig. 1).



382 The European Physical Journal A

1
1
5
7
.0

1
1
2
6
.1

1
0
0
1
.9

1
8
0
2
.6

2383.2

1824.1

2317.6

2399.5

559.2

2361.6

1554.7

807.0

1809.1

761.3

1887.3

1499.4

1445.9

2005.1

1570.0

435.1

406.6

1
6
2
8
.6

1
4
1
2
.4

1960.2 1
3
3
1
.3

2
2
8
1
.5

869.5

651

1024.4

2150.5

404.4

1428.8

202.1

1016.9

1
2
1
8
.8

726.1

883.7

1
0
4
0
.5

787.2

1121.5

1
9
0
8
.6

1
9
7
9
.5

323.4

1584

2468.9

0+

2+

4+

6+ 3-

5-

7-

9-

11-

13-

4-

6-

8-

10-

12-

9-

( 9 )-

2+

4+

6+

8+

( +8 )

628.9

4092

5647

3044

2656

7557

44

20Ca24

J(J+1)
E

M
e
V

)
*(

0 50 100 150 200
0

5

10

7471

9788

12188

7093

6658

5245

3914

8286

10568

9859

7880

5971

4931

3712

Fig. 1. Level scheme of the 44Ca nucleus. The inset shows ex-
citation energy vs. angular momentum for the negative-parity
states with odd-spin (•) and even-spin (◦) values.

In the shell model description, the 44Ca nucleus has 4
valence neutrons outside the 40Ca core. The coupling of
these neutrons in the f7/2 shell forms yrast positive-parity
states up to the maximum spin of Iπ = 8+. In order to
create states of higher spin, one of the f7/2 neutrons has
to be promoted to the next f5/2 orbital and, therefore, the
resulting excited state should lie much higher in energy.
Exciting two sd-core particles across the energy gap can
form non-yrast positive-parity states.

Up to now, only three non-yrast positive-parity levels
at 2656, 3044 and 4092 keV have been identified from
earlier experiments [10]. Our experiment confirms spin

assignments for the two lowest states but, for the state
at 4092 keV we suggest the spin Iπ = 6+. This value
comes from our DCO and polarisation measurements,
strongly supported by the sequence of γ-rays populating
this state from high-spin levels. The definite spin for the
new 5647 keV excitation could not be determined but
the data suggest Iπ = 8+ as the most probable spin
assignment. Three higher-lying levels at 7471, 9788 and
12188 keV are weakly populated in our experiment and
therefore neither spin nor parity of these states could be
established. Our data suggest, however, that stretched E2
character of γ-rays depopulating these states is rather un-
likely.

Of special interest are the negative-parity states be-
cause they can only be formed when one or more (odd
number) core particles are promoted to higher orbitals.
This results in low-lying rotational bands in odd-A nu-
clei neighbouring to 44Ca. In the 44Ca nucleus only the 3
lowest negative-parity states have been observed in pre-
vious high-spin studies [11]. In our experiment, we have
identified several negative-parity states and thus the level
scheme is extended up to the Iπ = 13− state at 10568 keV.
The obtained level pattern shows some regularity for both
even- and odd-spin sequences. The plots of excitation en-
ergy vs. angular momentum J(J + 1) result in straight
lines as shown in the inset in fig. 1. The highest observed
Iπ = 13− excitation can be understood as the band-
terminating state, since the maximum aligned spin avail-
able for the (πd−1

3/2f7/2νf4
7/2) configuration in the 44Ca

nucleus is 13 h̄. The early shell model calculations [11]
predicted energies of unnatural-parity states in the 44Ca
nucleus up to the Iπ = 10− level but they do not corre-
late with present observations. The detailed description of
the observed level structure as well as the interpretation
of decay properties would require modern, advanced shell-
model calculations in the full sdpf -configuration space.

This work has been partially supported by the Polish State
Committee for Scientific Research (KBN) under grant number
2P03B 045 16.

References

1. F. Brandolini et al., Nucl. Phys. A 642, 387 (1998).
2. D. Napoli, Acta Phys. Polon. B 32, 717 (2001).
3. P. Bednarczyk et al., Eur. Phys. J. A 2, 157 (1998).
4. P. Bednarczyk et al., Acta Phys. Polon. B 32, 747 (2001).
5. A. Poves et al., Phys. Rev. C 58, 179 (1998).
6. S.M. Lenzi et al., Phys. Rev. C 60, 021303 (1999).
7. C.D. O’Leary et al., Phys. Rev. C 61, 064314 (2000).
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