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Short abstract:

The aim of this proposal is to perform Coulomb excitation of “°Ca on a 2%8Pb target and to extract B(E2)
values of electromagnetic transitions. The stable °Ca beam will be delivered from the IPNO Tandem. A set
of reduced transition probabilities in the rotational super-deformed band will be determined. The obtained
values will be compared to those extracted from a life time measurement and shell model predictions to
confirm the origin electromagnetic structure of 4°Ca.
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PHYSICS MOTIVATION:

The microscopic description of deformation and collective rotation has been a central theme in nuclear
structure physics for almost five decades. For nuclei in the lower sd-shell, where the degeneracy of the
harmonic oscillator potential remain approximately valid, the connection between deformed oscillator intrinsic
states and microscopic wave functions in the laboratory frame was established by Elliot’s SU(3) model [1]. For
heavier nuclei, however, the spin-orbit interaction brakes the oscillator SU(3) symmetry, and well-developed
collective rotation generically involves valence particles/holes in two major shells for both protons and
neutrons, making direct shell model diagonalization intractable. Progress in understanding collective rotational
motion in these nuclei is thus strongly coupled to the program of identifying approximate symmetries that
allow for the inclusion of essential degrees of freedom within an appropriately truncated model space (cf. Refs
[2-6]). Such models are ideally tested and refined in cases where the valence space is large enough for
collective rotation to develop, yet small enough for full-space shell-model diagonalizations to be performed.
Inspection of the single particle energy levels reveals that the N~Z nuclei around #°3Caz are excellent
candidates for such studies. The large shell gaps at 2~0.4-0.6 for particle numbers N,Z = 16, 18, 20 lead to the
prediction of super-deformed rotational bands in these nuclei involving valence particles in both the sd and pf
shells, yet with valence space dimensions within the reach of modern shell-model calculations. Thus detailed
spectroscopy studies of these A~40 super-deformed bands are important for many aspects.

Highly collective rotational structures have now been identified in a few A~40 nuclei such as 4°Ca [7], 3¢38Ar
[8-10] and #*Ca[11]. In the last case the deformation of the band build on the 0; state was measured with the
Coulomb excitation technique. The high value of beta ~ 0.7 shows similarity of the low energy structure in 4*Ca
to the super-deformed band in 4°Ca (see Fig.1). A measurement of B(E2) value for the unobserved 2s¢->0sd
transition and determination of the 0" band-head deformation are advantages of the proposed Coulomb
excitation method. The low-spin behaviour of these bands is distinctive as compared to SD bands in other mass
regions.

In the case of 4°Ca the known B(E2) values have been deduced from lifetime measurements using the Doppler-
shift attenuation method [12]. The proposed experiment would provide an alternative and independent way of
extracting these values. Another advantage of Coulomb excitation is to extract the relative signs of the
interband transition matrix elements, which deliver an additional information on coupling of SD and yrast
bands.

PROPOSED EXPERIMENT AND OBSERVABLES:

In the experiment a 2%8Pb target (Img/cm2) will be bombarded with a beam of 4°Ca delivered by the IPNO
tandem at Orsay with an incident energy of 168 MeV (the 117 charge state and 14 MV high voltage at the
terminal). The beam energy was chosen to be as high as possible while still fulfilling the Cline safe energy
criterion [13].

The scattered “°Ca projectiles will be detected at backward angles in the LuSIA - CEA Saclay double sided
silicon strip detector (64 sectors, 32 rings, 16 cm diameter). The particle detection setup will cover an angular
range from 120 to170 degrees in the laboratory frame to maximise the Coulomb excitation probability. The
heavy-ions detector was successfully used for the series of COULEX measurements preformed during the
MINORCA campaign at IPNO in January 2015.

High energy gamma-rays will be detected in coincidence with the scattered “°Ca using the PARIS array. For
this proposal it was assumed that 2 PARIS clusters (9 LaBr3+Nal phoswich detectors each) will be placed at

the distance of 15 cm from the target to reach the 3.5 % efficiency of the 6 MeV gamma-ray detection[14]. The



HPGe high resolution gamma ray detection array ORGAM will be used additionally to register a medium
energy (500-1500 keV) gamma-ray transitions in the yrast band.
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Fig.1. Left: The level scheme of 4°Ca [7]; right: the level scheme of “>Ca [15]. The SD band in 4°Ca and highly
deformed band in 2Ca are indicated with (D).

Gamma-rays of Coulomb excited states in °Ca will be emitted in flight which will require Doppler corrections
to be applied based on the particle detector readout.

To achieve a basic goal of the experiment decays of Osq and 254 states have to be observed. Population of the
O*sq state in the Coulomb excitation measurement should be more preferable than by compound nucleus
reaction. This level can’t be populated through the decay of excited states lying above because the high energy
gamma transitions are much more probable than a low energy inband transition.

Expected in the experiment gamma ray yields were calculated using the GOSIA Coulomb excitation code [16]
taking into account known nuclear structure data concerning 4°Ca. The expected counting rates in the PARIS
detectors are shown in the Table 1.

The excitation of 4% level is the weakest possible to be observed in the proposed experiment. The energy of
the in-band decay is very close to the 1308 keV line. The use of the high resolution HPGe array ORGAM will



help to determine intensities of these both decays. The intensity of Osqa ->21 inter band transition is important
because it describes the Coulomb excitation of the SD band head.

Table 1. Calculated counting rates of the Coulomb excited 4°Ca decays measured with 2 PARIS clusters.

Transition Energy [keV] Counts/day Total
21->0gs 3905 8400 42000
25d->0gs 5630 400 2000
0Osd ->21 1308 1250 6250
44->24 1375 100 500
2s4->02 2639 60 300
BEAM REQUEST:

In order to achieve the accuracy better the 5 % in the weakest line of the 2sq4 decay we request 5 days of in-
beam data taking (15 shifts) and 1 day (3 shifts) for the particle detector setup.
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