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The photoabsorption and electromagnetic (EM) E1 di�erential cross sections of for oxygen and calcium
isotopes are calculated within the phonon damping model (PDM) [1] including the super
uid pairing
correlations. Clear pygmy dipole resonances (PDR) are seen in the EM cross sections in 18;20;22;24O
and some very neutron-rich calciums (50;52Ca). The present work demonstrates that the EM di�erential
cross section is a better probe for the PDR as compared to the photoabsorption cross section because, in
the former, the low-energy tail of giant dipole resonance (GDR) is enhanced. It also shows that, using
low-energy beams at around 50 { 60 MeV/n, one can separate PDR peaks out of admixture with the
GDR in the EM di�erential cross sections. An example for the energy-weighted sums (EWS) of pygmy
dipole resonance's (PDR) strength is shown in Fig. 1 for oxygen isotopes, where the results of calculations
within PDM are compared with the preliminary experimental systematic [2] and the prediction by the
cluster model sum rule (CRS).
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FIG. 1. EWS of PDR strength up to excitation energy Emax for oxygens. Results obtained within PDM with
Emax = 16, 16.5, and 17 MeV are displayed as open boxes connected with solid line, crosses connected with
dash-dotted line, and open circles connected with thin dashed line, respectively. The PDM results are shown in
units of Thomas-Reich-Kuhn sum rule (TRK) in (a), and in units of the total GDR strength integrated up to
30 MeV in (b). Experimental data (in units of TRK), obtained with Emax = 15 MeV, are shown by full circles
connected with thick dashed line. The dotted line is the prediction by CSR (in units of TRK).
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Gamma ray spectroscopy using radioactive beams at Notre Dame
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Gamma ray spectroscopy has been performed from fusion evaporation reactions produced by a radioac-
tive beam of 6He on a Copper target. Only one other radioactive beam spectroscopy experiment has been
published to date [1] making this a state of the art apparatus. There are consequently many experimental
di�culties to overcome in the design of any such facility, and these will be discussed.

The radioactive beam facility at the University of Notre Dame nuclear structure laboratory [2-4] was used
to produce a beam of 6He at an energy of 28 MeV and with an intensity of 5�105 pps. This radioactive
beam was produced by 1 proton transfer from a 7Li primary beam on a gas cooled 9Be target. The sec-
ondary beam was separated from non-reacting primary beam using the `Twinsol' dual superconducting
magnet apparatus, and was then incident on a target of natural (63% 63Cu) copper. Two large volume
HPGe detectors were used to detect gamma rays from excited states in the secondary fusion evaporation
reaction fragments, and coincidence spectra will be presented.

FIG. 1. Coincidence spectrum from reaction of radioactive 6He on 63Cu, gated by 2+ !0+ in 66Zn.
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We have performed an experiment using neutron−rich radioactive ion beams from the HRIBF
facility, together with the CLARION Ge detector array and the HyBall CsI charged−particle
detector array. A foil−plus−multichannel−plate detector was also placed at the achromatic focus
of the Recoil Mass Spectrometer [1] and used to detect recoiling reaction products. 

A beam of 118Ag (T1/2 ~2 s for 118mAg, T1/2 ~4 s for 118gAg) was produced by proton−induced fission
of 238U, and accelerated to 455 and 500 MeV in the tandem accelerator. These energies required
the use of the second stripping foil in the high−energy beam tube, but beam intensities on target
of approximately106 118Ag ions per second were obtained. The data collected consisted of γ−
HyBall coincidences, together with γ−γ−recoil coincidences where the recoil was detected in the
multichannel−plate detector.  The overall efficiency for detecting such products was about 40%. 

Two different reactions were used. Firstly, a target of 0.6 mg/cm2 12C was bombarded at 500
MeV. Fusion−evaporation reactions leading to the known nuclides 125,126I [1] (5n and 4n
evaporation) and 126Te (p3n) were observed, together with α3n evaporation to previously
unobserved states in 123Sb. Also observed were inelastic scattering events, where a scattered
12C from the target was detected with HyBall in coincidence with a γ ray detected in CLARION.
Inelastic excitation of the first 2+ state of 118Sn, from a weak (approx. 5%) isobaric contamination
of the beam can be clearly identified in the carbon−gated spectrum, suggesting an excellent
means of performing Coulomb−excitation B(E2) measurements of RIBs in future experiments. In
the γ−γ−recoil events, levels up to the known [2] 31/2− state of 125I were observed. 

Secondly, a target of 1.25 mg/cm2 9Be was bombarded at a beam energy of 455 MeV in an
attempt to observe new levels in the 4n−evaporation product, 123Sb. The γ−γ spectrum observed
in coincidence with recoils was virtually identical to the α−gated γ−ray spectrum from the C
target, confirming the assignment of the peaks to 123Sb. With the Be target, a large number of α
particles from incomplete fusion were also observed in the HyBall array. 

Results from this test experiment, and plans for future measurements with Sn and Te neutron−
rich radioactive beams, will be presented.

[1] C.J. Gross et al., Nuclear Instrum. and Methods, A450 (2000) 12.
[2] D.J. Hartley et al., private communication.
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Triaxiality in Neutron Deficient Odd-Ta Nuclei?
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The high-spin 2/11h  and 2/13i orbitals in odd-proton nuclei are convenient objects for studying the effects of

nuclear shape changes. For such intruder orbitals there is less ambiguity about the nature of the wave
functions than in the case of other orbitals.

Deviation from axial symmetry is generally expected for high-spin states. Although the signature splitting of
the excitation energies offers a clue for possible γ - deformation, it appears even in the presence of only β -

deformation. Therefore, in order to gain insight into the shape of the nucleus, the electromagnetic transition
strengths must be investigated.

We report on odd- Aneutron deficient Ta isotopes. Recently, data on 165Ta [1], the most neutron deficient Ta
isotope became available. Although data on some other Ta nuclei have already been analyzed by using the
cranking shell model or projected shell model, no attempt has been made to obtain a systematic trend from
the experimental data. For 165-179Ta isotopes, the shape favored by neutrons differs from the one preferred by
the protons. One might therefore expect shape coexisting states and nuclear potentials that are very soft in
the γ - degree of freedom. This was indeed obtained in the total routhian surface calculations [2].

The properties of the negative-parity 2/9]514[  bands of 165-179Ta are used to study the relation between the

signature splitting of the energies and the signature dependence of the 1M  transition elements in connection
with the deviation of nuclear shape from axial symmetry. The rapid increase of signature splitting with
decreasing neutron number in the bands associated with the same quasiproton configuration strongly
suggests that the observed trend is due to the properties of the even-even core and will reflect the nuclear
shape. According to the cranking shell model calculations even a 50% change in the pairing gap barely
affects the signature splitting. Also a variation of quadrupole deformation 2β  within the interval

29.016.0 − leads to small, almost constant signature splitting of the 2/11hπ  orbitals. It seems that for the

light odd-mass Ta isotopes only non-axially symmetric shapes can cause such an effect.

The analysis of the available experimental data on Ta isotopes indicates that lighter Ta nuclei exhibit an

appreciable amount of deviation from axially symmetric shape (up to o18−=γ for 165Ta).

[1]  D. G. Roux et al., Phys. Rev. C 63, 024303 (2001).
[2]  W. Nazarewicz et al., Nucl. Phys. A 467, 437 (1987).
[3]  W. F. Mueller et al., Phys. Rev. C 50, 1901 (1994).
[4]  W. Nazarewicz et al., Nucl. Phys. A 512, 61 (1990).
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