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Development of a-ToF detector for correlation measurement of
atomic masses and decay properties of superheavy nuclides
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The atomic mass is a unique quantity for each nu-
cleus. Precise mass measurement allows us to identify
the atomic number as well as the mass number of a
nucleus. Recently, we measured the masses of fusion-
evaporation products'® provided from GARIS-TI?) by
using an MRTOF mass spectrograph.®) We plan to
measure the masses of hot-fusion superheavy nuclei
(SHN) to identify the nuclides. The expected event
rate is of the order of one event per day. We should
accurately distinguish a true event from a large num-
ber of background events which might have originated
from scattered ions or molecular ions. For this pur-
pose, we have developed an a-ToF detector. The time
correlation between a time-of-flight (ToF) signal and
successive a-decay signals can discriminate such back-
ground events.
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Fig. 1. Schematic of the a-ToF detector. The impact plate
is appoximately 3 mm thick.

The a-ToF detector is made of a commercial Mag-
neToF detector (ETP 14DM572) and a Si PIN diode
(Hamamatsu S-3590), as shown in Fig. 1. When a
heavy ion is incident on the impact plate of the Mag-
neToF, secondary electrons are emitted from the im-
pact plate and the electrons are isochronously trans-
ported by a magnetic field and amplified by an elec-
tron multiplier to provide a timing signal of the ion.
We replaced the impact plate with an Au+MgO-or
Au+AlyO3-coated Si PIN diode.

We tested the detector by using an 24'Am alpha
source, and results are shown in Fig. 2. The upper
panel shows the count-rate ratio of the coincident tim-
ing signal to the a-ray signal. The efficiency of the tim-
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ing signal was greater than 90% for 5-MeV «-particles
with both coating materials when —2100 V was applied
to the impact plate. The lower panel of Fig. 2 shows
the correlation mapping of ToF and a-ray energy. The
start signal of ToF was made by the triangle roof ToF
detector”) and the stop signal was the timing signal of
the a-ToF. The vertical axis indicates the a-ray en-
ergy measured by the a-ToF. The distance between
the triangle-roof ToF and the a-ToF was 27 cm.

We confirmed that the correlation between the tim-
ing signal and the decay energy can be measured us-
ing the a-ToF. We will use the a-ToF for the mass-
measurement experiment of SHN using the GARIS-
II+MRTOF setup, which is scheduled for FY2018-
2019.
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Fig. 2. Count-rate ratio of timing signals coincident with
the a-ray signal (upper panel). Correlation mapping of
ToF and energy (lower panel).
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