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Magnetic moment measurement of isomeric state in 75Cu
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The 75Cu nucleus has attracted much attention be-
cause the ground-state spin parity changes from 3/2−

to 5/2−1) as a result of the migration of the 5/2− lev-
els along the Cu isotopic chain2). The 75Cu nucleus
has two isomeric states3) at 62-keV and 66-keV levels
directly decaying to the ground state4), one of which is
expected to have a spin parity of 3/2− inherited from
the ground state of 73Cu. In order to investigate the
wave function of the 3/2− state and to compare it with
the 5/2− ground state1), the magnetic moment of the
isomeric state of 75Cu was measured.
The experiment was carried out at the BigRIPS at

the RIBF. The two-step fragmentation scheme with
momentum-dispersion matching5) was employed to
produce highly spin-aligned 75Cu. In the reaction at
F0, 76Zn was produced by a fission reaction of a 345-
MeV/nucleon 238U beam on a 9Be target with a thick-
ness of 1.29 g/cm2. The secondary 76Zn beam was
introduced to a second target of wedge-shaped alu-
minum with a mean thickness of 0.81 g/cm2, placed
at the momentum-dispersive focal plane F5. The 75Cu
nuclei including those in isomeric state 75mCu were
produced through one-proton removal from 76Zn. The
75Cu beam was subsequently transported to F7 under
the condition that the momentum dispersion between
F5 and F7 was matched to that between F3 and F5.

The g-factor of 75mCu was determined by means
of the time-differential perturbed angular distribution
(TDPAD) methods. The TDPAD apparatus, placed
at F8, consists of a dipole magnet, a Cu crystal stop-
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∗17 LPSC, Université Joseph Fourier Grenoble 1, CNRS/IN2P3
∗18 School of Physics, Peking University
∗19 Intsituut voor Kern-en Srralingsfysica, K. U. Leuven

Fig. 1. Preliminary result of R(t) ratio for the 66-keV γ

ray. The solid line represents the sine function after

fitting to the the experimental R(t) ratio.

per, Ge detectors, and a plastic scintillator. The
dipole magnet provided a static magnetic field of B0 =
0.200 T. 75mCu was implanted into the Cu stopper,
and γ rays were detected with four Ge detectors lo-
cated perpendicular to B0 at a distance of 7.0 cm from
the stopper and at angles of ±45 and ±135 degrees
with respect to the beam axis. The plastic scintillator
of 0.1 mm in thick was placed upstream of the stopper,
the signal from which provided the time-zero trigger.

The R(t) ratio representing the change of anisotropy
of γ rays synchronized with the spin precession was
obtained according to

R(t) = {N13(t)− εN24(t)}/{N13(t) + εN24(t)}, (1)

where N13(t) and N24(t) are the sums of the photo-
peak count rates at the two pairs of Ge detectors placed
diagonally to each other, and ε denotes a correction
factor for the difference in the detection efficiency. In
this experiment we observed an oscillation pattern only
for the 66-keV γ ray with over 5σ significance, as shown
in Fig. 1. The magnitude of spin alignment was found
to be larger than 50%. The detailed analysis and the
deduction of the g-factor is in progress.
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Deuteron Analyzing Powers for d–p elastic scattering at 190
MeV/nucleon and three–nucleon force effects

Study of three-nucleon forces (3NFs) is essentially
important in clarifying nuclear phenomena, e.g. dis-
crete states of nuclei and equation of state of nuclear
matter. Nucleon–deuteron (Nd) scattering, for which
a rigorous formulation in terms of Faddeev equations
exists and exact solutions of these equations for any
dynamical input can be obtained, offers a good op-
portunity for the dynamical aspects of 3NFs, such as
momentum, spin and/or iso-spin dependences. With
the aim of clarifying properties of the 3NFs the study
of energy dependent deuteron–proton (d–p) scattering
with polarized deuteron beams at intermediate ener-
gies (E ∼ 200 MeV/nucleon(MeV/N)) are in progress
at RIBF. Here we report a measurement of all the
deuteron analyzing powers (iT11, T20, T21, and T22)
in d–p elastic scattering at 190 MeV/N performed in
May 2015.

A schematic diagram of the experimental setup is
provided in Ref.1). Vector- and tensor- polarized
deuteron beams were accelerated by the injector cy-
clotrons AVF and RRC up to 70 MeV/N; subsequently,
they were accelerated up to 190 MeV/N by the SRC.
The measurement of the d–p elastic scattering was
performed using a detector system, BigDpol, which
was installed at the extraction beam line of the SRC.
Polyethylene (CH2) with a thickness of 330 mg/cm2

was used as hydrogen target. In BigDpol, four pairs
of plastic scintillators coupled with photo-multiplier
tubes were placed symmetrically in the directions of
azimuthal angles to the left, right, up and down. Scat-
tered deuterons and recoil protons were detected in
the kinematical coincidence condition by each pair of
the detectors. The measured angular range is 39◦–
165◦ in the center-of-mass system. In the experiment,
the deuteron beams were stopped in the Faraday cup,
which was installed at the focal plane F0 of the Bi-
gRIPS spectrometer. The beam polarizations were
monitored continuously with a beam line polarimeter
Dpol prior to the acceleration by the SRC using the
reaction of elastic d–p scattering at 70 MeV/nucleon.
The analyzing powers for this reaction have been cal-
ibrated in the previous measurement by using the
12C(d, α)10B∗ [2+] reaction2). In the measurement typ-
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ical values of the beam polarizations were 80% of the
theoretical maximum values.

Preliminary results are shown with open circles in
Fig. 1. Only the statistical uncertainties are shown.
The data are compared with the Faddeev calculations
with (without) Tucson–Melbourne’99 3NF3) based on
the modern NN potentials, namely CDBonn4), AV185),
Nijmegen I and II6). The solid lines are the calcula-
tions with the Urbana IX 3NF7) based on the AV18
potential. Generally data for the backward angles
θc.m. ≳ 120◦ are well explained by the calculations
with the 3NFs except for T20.

Detailed analysis is now in progress. Discussions
on the energy-dependence of the deuteron analyzing
powers for d–p elastic scattering at 70–300 MeV/N will
be performed.

Fig. 1. Preliminary results of the vector and tensor analyz-

ing powers for the d-p elastic scattering at 190 MeV/N.
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