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The structure and nature of the E1 strength distribution 

around the separation energy depends mainly on the neutron 
excess. Some information in stable nuclei has been obtained 
in the past but only very few data are available for exotic 
neutron rich nuclei using mainly Coulomb excitation 
techniques1) and references therein.  

There is an ongoing discussion on the possibility of 
extracting information on the neutron skin from the pygmy 
resonance strength2). This quantity can be related to the 
isospin-dependent part of the nuclear equation of state 
(EOS) which in turn has relevant implications for the 
description of neutron stars. Furthermore, the presence of a 
strength with E1 character close to the particle threshold has 
important astrophysical implications in explosive 
nucleosynthesis scenarios. 

In order to understand better the characteristics of this 
pygmy dipole strength it is important to study an isotopic 
chain of a nucleus with increasing neutron number. As the 
pygmy dipole strength distribution in 68Ni around the 
threshold has recently been studied1,2,3), a new high intensity 
and high resolution experiment was performed on 70Ni at 
RIKEN Radioactive Isotope Beam Factory (RIBF) in 
November 2014. 

A 238U primary beam was accelerated up to an energy of 
345 AMeV and made to impinge on a thick rotating Be 
production target. In BigRIPS4) the B-E- B method was 
applied to select and purify a secondary beam of 70Ni (30 
kcps with 40% purity at a beam energy of 260 AMeV). The 
70Ni isotope was incident on a 2 g/cm2 thick gold secondary 
target. Reaction residues from the secondary target were 
identified using the ZeroDegree Spectrometer. Scattering 
angles were determined using parallel plate avalanche 
counters. 
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To detect gamma rays from the decay of different nuclear 
levels the reaction target was surrounded by a combination 
of the DALI2 array5) (consisting of 96 NaI(TI) crystals) and 
8 large volume 3.5’’ x 8’’ LaBr3:Ce detectors6) mounted at 
30° in the forward direction. These latter detectors have a 
high efficiency, excellent energy resolution for high energy 
gamma rays and very good time resolution.  
 

Fig. 1. Particle identification plot (B-E- B TOF of the 
secondary beam in front of the Au reaction target. The 70Ni 
isotopes are labeled. 

 
Fig. 1 shows the particle identification plot taken during 

the experiment can be seen. The data are under analysis. 
The first preliminary outcome will be the 2+ state strength 
of 70Ni. This known 2+0+

gs E2 transition strength will be 
taken as a benchmark for the determination of the unknown 
E1 transitions strengths below and above the threshold. 
Presently high energy gamma ray events in the LaBr3:Ce 
detectors and add back spectra in DALI2 are being analyzed. 
The determination of the E1 strength distribution of the 
measured 70Ni and the subsequent analysis of the relation 
between strength and neutron skin together with the data of 
the measured 68Ni will give a better and important 
contribution to the understanding of the features of the 
pygmy dipole strength. 
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Coulomb excitation of 130Cd
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T. Sumikama,∗12 J. Taprogge,∗9 Z. Vajta,∗8 J. Wu,∗1,∗10 Z. Xu,∗1 T. Yamamoto,∗2 and K. Yoneda∗1

The properties of the nuclei beyond 132Sn have
drawn considerable attention recently because this
doubly magic nucleus lies far away the line of β sta-
bility. The evolution of the N = 82 shell gap to the
“south” of 132Sn has been discussed in several stud-
ies1,2). For nuclear astrophysics, it has been suggested
that the N = 82 shell closure affects the r-process
abundance distribution around mass A ≈ 1302). How-
ever, for the N = 82 magicity in the Cd (Z = 48) iso-
topes, the mass and the spectroscopy measurements
show contradictory results. The Qβ value of 130Cd
was better reproduced by a mass model assuming a
quenched shell gap3). However, a good shell closure
was suggested from the first 2+ state as the excitation
energy of 1.3 MeV4) is close to those in other even-even
N = 82 isotones. In order to investigate the magic
character of N = 82 in 130Cd, we measured the re-
duced transition possibility (B(E2)) via the Coulomb
excitation.

The secondary beams were produced from an
in-flight fission reaction of a U primary beam at
345 MeV/nucleon incident on a 3-mm-thick Be tar-
get located at the object point of the BigRIPS frag-
ment separator5). The average beam intensity was
about 10 particle nA. The fission products around
130Cd were selected and purified by employing two
wedge-shaped aluminum energy degraders with thick-
nesses of 8 and 2 mm, respectively, located at the dis-
persive foci. The momentum acceptance of BigRIPS
was set to 5%. The secondary beam was identified
event-by-event via the TOF – Bρ−∆E method using
standard BigRIPS detectors. Figure 1 shows a two-
dimensional plot of Z versus A/Q for the secondary
beam in BigRIPS. The intensity of the 130Cd beam
was 15 counts/s with a purity of 1.3%. The beam en-
ergy was about 160 MeV/nucleon before the secondary
target.
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A 1-mm-thick Bi target was used to induce Coulomb
excitation reactions. De-excitation γ rays were de-
tected by the DALI2 spectrometer6), which surrounded
the secondary target. Reaction residues were collected
and analyzed by the ZeroDegree spectrometer5). The
spectrometer was optimized for the transportation of
130Cd. Particle identification was performed again us-
ing the TOF – Bρ − ∆E method, as in BigRIPS.
In addition, a LaBr3(Ce) scintillation detector (Saint-
Gobain BrilLanCeTM380) located downstream of the
ionization chamber was used for the total kinetic en-
ergy measurement.

The analysis for the B(E2) value is currently in
progress.
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Fig. 1. Particle identification plot of the secondary beams

in BigRIPS.

References
1) J. Dobaczewski et al.: Phys. Rev. Lett. 72, 981 (1994).
2) B. Pfeiffer et al.: Nucl. Phys. A 693, 282 (2001).
3) I. Dillmann et al.: Phys. Rev. Lett. 91, 162503 (2003).
4) A. Jungclaus et al.: Phys. Rev. Lett. 99, 132501 (2007).
5) T. Kubo et al.: Prog. Theor. Exp. Phys. 2012, 03C003

(2012).
6) S. Takeuchi et al.: Nucl. Instr. Meth. A 763, 596 (2014).

- 40 - - 41 -

Ⅱ-1. Nuclear Physics RIKEN Accel. Prog. Rep. 48 (2015)RIKEN Accel. Prog. Rep. 48 (2015) Ⅱ-1. Nuclear Physics

完全版2014_本文.indd   41 15/10/16   17:41




