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New type of spectroscopy via heavy-ion double charge exchange
(12C, 12Be(0+

2 )) reaction
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One of the most interesting features in atomic nu-
clei is the variety of spin and isospin responses. The
Gamow–Teller (GT) transition is the simplest spin–
isospin response within one-phonon excitations, and
it has been well studied. In contrast, data on multi-
phonon excitations have been scarce. The double GT
giant resonance (DGTGR)1) is the most basic two-
phonon excitation mode. However, DGTGRs have not
been observed so far. The discovery of the DGTGR is
an essential step in extending the research of the spin–
isospin responses to multi-phonon space. Another in-
terest for studying DGTGR relates to its relevance in
neutrino physics; the DGT transition is induced by
the same transition operator as the ββ-decay is , i.e.,
στστ . However, the ββ-decay has quite small DGT
strength. A major part of the DGT strength is con-
centrated among highly excited states in DGTGR. A
promising spectroscopic method to search for DGT-
GRs is through heavy-ion double charge exchange
(HIDCX) reactions, which can induce two-phonon ex-
citations with spin and isospin transfer by two units.

In 2011, we conducted a HIDCX 12C(18O, 18Ne)12Be
reaction experiment and found a large cross section
of 1.5 µb/sr for the second 0+ (0+2 ) state in 12Be at
0◦2). This is probably because all the initial 12C(0+g.s.),

intermediate 12B(1+g.s.), and final 12Be(0+2 ) states are

dominated by a 0h̄ω configuration3–5). This led us to
a new idea to use the (12C, 12Be(0+2 )) reaction as a
tool to investigate DGTGRs. In this probe, the ex-
citation energy of target nuclei are measured using a
missing–mass technique. Several final states in 12Be
can degrade the signal-to-noise ratio of an observed
spectrum in the method. The key of this probe is to
avoid the contamination by tagging the two 511–keV
γ-rays emitted back-to-back from the e+e− decay with
the mean lifetime of 331 ns6). In order to demonstrate
the feasibility of the delayed γ-ray tagging method,
we performed the HIDCX 18O(12C, 12Be(0+2 ))

18Ne re-
action measurement using the Grand Raiden (GR)
spectrometer at RCNP, Osaka University. The pri-
mary 12C beam at 100AMeV bombarded a 20-mg/cm2

H2
18O ice target. The momenta of outgoing parti-

cles were analyzed using GR. The two 511–keV γ-rays
from 12Be(0+2 ) were detected using a NaI(Tl) array sur-
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rounding a plastic-scintillator stopper at the GR focal
plane. Figure 1 shows the GR horizontal position spec-
tra. The position corresponds to the excitation energy
of 18Ne. The peak of the spectrum without the γ-ray
tagging, which originates from the 18Ne ground state,
is rather broad and has a tail. The broadening is prob-
ably due to contributions from different final states in
12Be, and the tail originates from accidental coinci-
dence events of 9Li and 6He. On the other hand, in
a red spectrum with γ-ray tagging, the peak indicated
by a red arrow is narrower, and the background has
mostly vanished. The obtained energy resolution was
∼3 MeV mainly because of an energy–loss difference in
the target, and thus the difference between the peak
positions of the two spectra is within the resolution.
The result of the test experiment shows the feasibility
of the gamma-ray tagging method. Our next step is to
apply this method to nuclei exhibiting ββ-decay, such
as 48Ca.

Fig. 1. Horizontal position spectra of the GR focal plane

with or without γ-ray tagging. For the red spectrum,

detection efficiency of 10% is considered for the NaI(Tl)

array.
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Study of spin-isospin responses via exothermic charge exchange
reaction (8He, 8Li)
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We performed the exothermic charge-exchange (CE) 
reaction of (8He, 8Li) at the RIKEN RIBF facility 
by using the BigRIPS, the High-Resolution Beamline 
(HRBL), and the SHARAQ spectrometer.1,2) Missing 
mass spectra in the 4He, 12C(8He, 8Li) reactions were 
measured at the beam energy of 190 MeV/nucleon. 
The spin-isospin response of a spin-dipole transition 
with the radioactive isotope (RI) beam induced by the 
CE reaction was studied.

The intensity of the secondary 8He beam, which was
produced via a projectile-fragmentation reaction of an
18O beam, was about 2 Mcps at the secondary tar-
get position (SHARAQ-S0). The scattered 8Li was
momentum-analyzed with the SHARAQ spectrometer.
Low-pressure multiwire drift chambers3) were placed
at the foci of the BigRIPS and the HRBL. Cathode
readout drift chambers4) were installed at the final fo-
cal plane (SHARAQ-S2) of the SHARAQ spectrome-
ter. The high-resolution achromatic (HRA) transport
mode2) was set to obtain a momentum acceptance of
2%. The detail experimental setup is described in a
previous report.5).

The secondary RI beam has momentum distribu-
tion. In order to perform high-resolution missing mass
spectroscopy with the RI beam, measurement of the
beam momentum (δ) of incoming and outgoing par-
ticles at the target is required. At the momentum-
dispersive focal planes, δ is correlated with the beam
trajectory. In the HRA mode, it is important to mea-
sure the trajectory, mainly the horizontal position (x),
at the BigRIPS-F6 and the SHARAQ-S2. δ couples
with the beam transfer matrix elements of x and hori-
zontal angle (a). The matrix elements should be mea-
sured to obtain the missing mass energy in the CE
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Fig. 1. Correlation of xS0 with xS2 (a) before and (b) af-

ter correction.The five loci correspond to the particles

with δ = -1%, -0.5%, ... ,1%, which were tagged at the

BigRIPS-F6.

reaction. The 8Li beam was transported to the S2 for
checking the matrix elements of (x|x) and (x|a) of the
beamline and the SHARAQ spectrometer.

Figure 1(a) shows the correlations of xS0 with xS2

for the momentum correction of the 8Li beam. The five
loci correspond to the particles with δ = -1%, -0.5%,
... ,1%, which were tagged at the F6. The inclinations
of the loci indicate the matrix element of (x|x). The
difference in the inclinations for different δ’s is due to
the effect of the second-order matrix element of (x|xδ).
This defference enables enabled us to obtain the δ at
high resolution by correcting the correlation, as shown
in Fig. 1(b). The matrix elements of (x|a) and (x|aδ)
were determined to correct the tilt of the focal plane.
These higher-order matrix elements of the beamline at
F6 were determined by checking the correlation with
tagging the beam momentum at S2. The missing mass
resolution was evaluated to be 3.2 MeV in FWHM by
using the matrix elements and 4.6 MeV in FWHM be-
fore the correction. Further analysis of the missing
mass and angular distribution is now in progress.
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