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I. HIGHLIGHTS OF THE YEAR

Commissioning of Rare RI Ring using exotic nuclei
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The Rare RI Ring? is an isochronous storage ring
constructed to measure the masses of short-lived rare
nuclei using the time-of-flight (TOF) measurement
method. We conducted two commissioning experi-
ments> ) in 2015. In the first commissioning ex-
periment, we verified the operation of each compo-
nent, while in the second commissioning experiment,
we made the first attempt of mass measurement using
stable nuclei. This year, we have performed commis-
sioning using exotic nuclei with well-known masses to
confirm the feasibility and principle of mass determi-
nation using the following equation:
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where myg1/q denote the mass-to-charge ratio of the
reference particle and particle of interest, respectively;
Tp,1 are revolution times of these particles; and 3; is
the velocity of the particle of interest. Because the
isochronous condition is adjusted for the reference par-
ticle, isochronism is not fulfilled for particles of interest
by the velocity measured upstream.

Exotic nuclei around "®*Ge were produced from the
relativistic in-flight fission of a primary beam of 233U
at an energy of 345 MeV /nucleon on a ?Be target with
a thickness of 10 mm. We identified these nuclei before
the F3 achromatic focus of BigRIPS. Figure 1 shows
a particle identification plot. The energy loss (AFE)
was obtained using an ionization chamber located at
F3, and TOF was measured between F2 and F3. Us-
ing Bp and the measured TOF between F3 and the SO
achromatic focus of SHARAQ), the (1 values for par-
ticles were deduced. We injected these nuclei to the
ring using the individual injection method with the fast
kicker system.?) The isochronous magnetic field in the
ring was adjusted for the reference particle "®Ge with a
precision of 5 ppm for a momentum spread of + 0.3%.9)
We confirmed the storage of several particles by using
a circulation detector”) and a d-ray detector.®) These
particles circulated in the ring for about 1850 turns,
which corresponds to about 0.7 ms. Exotic nuclei 7 As,
TT=T9Ge, 7677Ga, ™Zn, and "Cu were successfully
extracted from the ring as indicated by the red dot in
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Fig. 1. T, for each nuclei are deduced from the TOF
between SO and the ring exit ELC. Figure 2 shows
the TOF spectra with peak assignments. Mass accu-
racies are preliminary obtained for "As, 7"Ga, "9Zn,
and ®Cuas 7.2 x 1076, 1.1 x 107°, 1.5 x 107°, and
2.1 x 1077, respectively. The successful individual in-
jection, storage, extraction, and TOF measurement in
the ring for exotic nuclei make the mass measurement
of more neutron-rich nuclei feasible in the near future.
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Fig. 1. Particle identification plot. Green dots indicate all
events at F3, and red dots indicate extracted events.
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Fig. 2. TOF spectra between SO and ELC.
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