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Intermediate energy Coulomb excitation of 73,74,75Ni
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Doubly magic nuclei located in very exotic regions of
the nuclear chart are key elements in nuclear structure
studies. The appearance or disappearance of the shell
gaps associated with magic numbers in very exotic nu-
clei is strongly related to the single-particle energies of
nucleon orbitals and to the residual interactions among
valence nucleons. The 100Sn and 78Ni regions are fun-
damental in this regard and are the focus of the ef-
forts of many research laboratories worldwide. From
the N=Z=50 100Sn located at the proton drip line to
the neutron rich N=50 78Ni with N/Z=1.78, it is cur-
rently possible to access the shell structure of these
isotones. This very large excursion in isospin also al-
lows to magnify and probe the isovector part of the
nuclear mean field. In particular, the tensor part of
the spin-isospin term of the residual interaction has
been predicted to modify the single-particle structure,
inducing a collective behavior in this region. For the
Ni isotopic chain, the filling up of the g9/2 neutron
orbit is expected to induce a strong core polarization
due to the spin-isospin interaction that enhances the
B(E2:2+ → 0+), a measure of the quadrupole collec-
tivity. We performed an intermediate energy Coulomb
excitation study of the 73,74,75Ni isotopes, in order to
fix the seniority-scheme pattern of the B(E2) strength.
Neutron-rich Ni isotopes were produced by fission of a
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Fig. 1. The γ-ray spectrum detected in DALI2 after selec-

tion on 74Ni. The 2+ → 0+ transition at 1024 keV is

clearly visible.

238U beam on a 9Be target at a bombarding energy of
345 MeV/u, with an average intensity of 10 pnA. The
resulting fragments were analyzed using the BigRIPS
separator2) and transported to a secondary natural Pb
target for Coulex reactions. After this target, the ions
were again analyzed in the ZeroDegree spectrometer
and delivered down to the final focal plane. The γ
rays from Coulex have been detected by the DALI2
spectrometer3) in coincidence with the recoiling ions
identified at the focal plane of the ZeroDegree spec-
trometer. A preliminary γ spectrum, after selection
on 74Ni ions, is shown in Fig. 1. The γ peak corre-
sponding to the 2+ → 0+ de-excitation at 1024 keV
of 74Ni4,5) is clearly visible. Decay spectroscopy inves-
tigation6) with EURICA was performed at the final
focal plane in conjunction with the in-beam part.
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Zeeman resonance spectroscopy of 84−87Rb in superfluid helium
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OROCHI is a newly developed laser spectroscopy
method for optical determination of nuclear spins and
moments of exotic radioisotopes (RIs)1). It aims to
overcome several experimental limitations due to the
low yield of RIs and large contaminations in the pro-
duction of RIs by taking advantages of the character-
istic properties of atoms in superfluid helium (He I-
I). Firstly, it utilizes condensed He II as the trapping
medium for the RI beam and the matrix of in situ
laser spectroscopy of trapped atoms. Subsequently, by
measuring the hyperfine and Zeeman splitting energies
of atoms using optical pumping and laser microwave
(MW)/radiofrequency (RF) double resonance method,
nuclear moments and spins of RIs can be determined.
Initial studies with the OROCHI method were concen-
trated in field of the technological research and devel-
opment with a considerable number of off-line experi-
ments, which confirmed the feasibility of the OROCHI
method1). Recently, after extensive tests and calcula-
tions, the first on-line experiments with the 84−87Rb
beam have been successfully performed. In this ex-
periment, the primary 85,87Rb and secondary 84,86Rb
beams produced from RIPS were precisely trapped in
He II. Optical pumping and Zeeman resonance (ZR)
for 84−87Rb and the isomer state 84mRb have been suc-
cessfully observed.

Figure 1 shows the measured spectra for 84m,84−87

Rb isotopes, which are recorded by scanning the ap-
plied magnetic field (B0) with a fixed-frequency RF
field. The corresponding beam for each spectrum and
isotopes for each observed ZR are marked in Fig. 1.
Note that in the case of 86Rb, to reduce the deforma-
tion of the observed spectra owing to beam instability,
the recording time for one cycle is changed to 1 s (10
s for 84,85,87Rb). The detailed measurement method
is explained in an early report2). Conventionally, nu-
clear spin can be directly deduced from the resonance
peaks with the relation (for the ground state of an al-

kali atom) I = µBB
ν − 1

2 , where ν is the RF frequency
and B is the magnetic field. In practice, the accu-
racy of the deduced nuclear spin is degraded by the
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residual magnetic field (BL). The detailed informa-
tion about how BL affects the results can be found
in a recent article3). In this work, to eliminate the
effects of BL, we used a combination relation of the
Bell-Bloom equation4), which describes optical pump-
ing in longitudinal (B∥: B0 + BL∥ (parallel component
of BL)) and transverse magnetic fields (B⊥: perpendic-
ular component of BL) (for details, see Yang et al.3))
and ILIF ∝ Natom(1−Pz) to fit the peaks at B0 = 0,
while the ZR peaks are fitted with the Lorentz function
(red curve in Fig. 1).

From the ZR, after eliminating the effect of BL, nu-
clear spins were deduced as 1.9(1) for the 84Rb, 6.2(1)
for 84mRb, 2.5(1) for 85Rb, 1.9(2) for 86Rb, and 1.53(6)
for 87Rb. The inaccuracy of the B0 and the estimated
BLis supposed to be the main experimental error. In
addition, 3.3% of error arises from the field inhomo-
geneity within the observation region and uncertain-
ty of the observation region (1 mm). Taking all the
factors into account, the nuclear spins of 84m,84−87Rb
were correctly deduced within the experimental error,
which are consistent with the literature values.

Consequently, we have successfully observed the ZR
spectra for 84−87Rb isotopes and their nuclear spin can
be determined with a good accuracy, which directly
confirms the feasibility of the OROCHI method. It
is worth emphasizing here that the measured spectra
were recorded in 30 minutes or less with a beam in-
tensity of ∼104 pps. All the results suggest that, after
further being developed and improved, the OROCHI
method can be established as a promising method to
precisely measure nuclear spins and moments of vari-
ous nuclear species near the drip line with a low yield.

Fig. 1.: Zeeman resonance spectra for 84m,84−87Rb.

References
1) T. Furukawa et al.: Hyp. Int. 196, 191 (2010).
2) T. Furukawa et al.: RIKEN. APR. 46, xi(2013).
3) X.F. Yang et al.: Hyp. Int. 227, 147 (2014)
4) M. Arndt et al.: Phys. Rev. Lett 74, 1359(1995)

Energy (keV)
600 800 1000 1200 1400 1600 1800

C
ou

nt
s 

/ 2
5 

ke
V

10

20

30

40

50

60

+0+2




