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Developments of time-of-flight detectors for Rare-RI Ring

Y. Abe,∗1,∗2 D. Nagae,∗2 S. Okada,∗2 A. Ozawa,∗2 T. Yamaguchi,∗3 Y. Saitoh,∗2
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Construction of the Rare-RI Ring, which will be
used to measure masses of short-lived rare-RI with a
relative precision of 10−6, is underway at RIBF.1,2)

We are developing three types of time-of-flight
(TOF) detectors for installation in the Rare-RI Ring;
two of the three are placed at the entrance (start detec-
tor) of the ring and the third is placed inside the ring
as the circulative ion detector (CD). The start detec-
tor provides the start signal of the TOF system for the
mass measurement. The CD provides a signal corre-
sponding to each circulation. The CD is indispensable
for monitoring the motion of the particle inside the
ring at the beginning of the storage.

The required specifications for the start detector are
i) a good timing resolution less than 100 ps because
the total TOF is about 0.7 ms, ii) a large effective area
(100 mm × 50 mm) to cover the large beam size, iii)
small energy loss and energy straggling so as to not
affect the mass resolution of mass measurement in the
ring, and iv) no change in the charge state of the nuclei,
achieved by passing them through a detector to avoid
reduction of the transmission efficiency in the ring. On
the other hand, the required specifications for the CD
are i) small energy loss to maintain the momentum
of the nuclei within the momentum acceptance during
100 circulations, ii) a high detection efficiency, iii) a
large effective area (100 mm × 50 mm) to match the
large beam size, and iv) a good timing resolution to
separate each circulation (the typical time for one rev-
olution is about 350 ns.) Furthermore, the CD should
be maintained in ultra high vacuum.

To mount the detector in a limited narrow space,
we developed a ”T-shaped” TOF detector, as shown
in Fig. 1(a). The left part of the detector consists
of two 1” photomultipliers (R4998) coupled to the top
and bottom parts of a 100 µm-thickness scintillator,
while the right part contains one 2” photomultiplier
(H2431-50) coupled directly to the right side of the
scintillator. It is noted that, in the ”T-shaped” TOF
detector, we can obtain the horizontal position infor-
mation, which may be used to improve the timing res-
olution. In the case of heavy nuclei and changes in the
charge state, the 100-µm-thickness of the scintillator
is no sufficiently thin. We thus consider introducing a
micro channel plate (MCP) detector, as has been used
at ESR3) and CSRe4), which has a sufficiently thin car-
bon foil. To cover the larger beam size at the entrance
of Rare-RI Ring, we are developing the detector with
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a lager sensitive area.5)

As the CD, we developed a similar MCP-type de-
tector, used at the Gas filled Recoil Ion Separator
(GARIS). 6) When the beam passes through the thin
carbon foil (60 µg/cm2), secondary electrons are gen-
erated in the foil. The generated electrons are trans-
ported to the MCP by only the electric field. A
schematic view of the detector is shown in Fig. 1(b).
A mirror electric field and an acceleration electric
field are how they are created using wires. Wires
(W+Au) with a 40-µm diameter are set at distance
of 8.0 mm from carbon foil with a 1.0-mm pitch, and
wires (W+Au) for the triangular part are set with a
3.0-mm pitch.

Fig. 1. Schematic view of the (a) ”T-shaped” TOF detector

and (b) circulative ion detector (CD).

The experiment to check the performance of the
TOF detectors was carried out at the secondary beam
line, SB2 course,7) at HIMAC at the National Insti-
tute of Radiological Sciences (NIRS). A primary beam
of 84Kr was accelerated up to 200 A MeV and delivered
to the SB2 course. For the ”T-shaped” TOF detector,
a timing resolution of σ ≈ 60 ps is obtained. The po-
sition resolution in the horizontal axis is around σ ≈
2 mm. For the CD, a timing resolution of σ ≈ 130 ps
is obtained. The detection efficiency was about 72%.
This value is comparable with the efficiency for the
isochronous mass measurement at ESR.8)

We will install these TOF detectors in the Rare-RI
Ring in the next fiscal year.
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Performance of a resonant Schottky pick-up for the Rare-RI Ring
project
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Construction of a new storage ring called “Rare-RI
Ring” was started in 20121,2) at RIBF. This project
aims at precise isochronous mass measurements for
extremely neutron-rich exotic nuclei in the r-process
nucleosynthesis. To precisely tune the ion-optical con-
dition to be isochronous, the resonant Schottky noise
pick-up technique will be employed. We performed an
off-line test of the resonant Schottky pick-up.

Figure 1 shows the resonant Schottky pick-up that
will be installed in the Rare-RI Ring. It consists of a
pillbox-type resonant cavity electrically isolated from
the beam pipe by a ceramic tube. A schematic view
of the pick-up is shown in Fig. 2(a): a chamber shown
in blue is the beam pipe and the shaded cylinder sur-
rounding the beam pipe is the cavity equipped with
two ports (yellow). The ports are movable plunger
pistons that can adjust the resonance frequency (fres)
of the eigenmode. Fig. 2(b) shows the cross-sectional
view of the cavity, and the detailed structure of the
gap can be seen at the center. The cavity itself is filled
with air and has the shape of a pillbox with an outer
diameter of 750 mm and length of 200 mm. The inner
diameter is 320 mm. The lower flanges ( see Fig. 1 )
are prepared for feedthroughs to take out signals from
a loop coil that magnetically couples to the cavity field
induced by the beam.

Using a network analyzer, we measured the basic
quantities characterizing the resonant cavity: the res-
onance frequency, the shunt impedance Rsh, and the
unloaded Q factor Q0. To measure Rsh, the per-
turbation method was adopted. From the measure-
ments, fres = 171.54(±0.44) MHz, Rsh = 169 kΩ, and
Q0 = 1884 were obtained.
For tuning the isochronous field settings, the pro-

posed pick-up is required to have an excellent single-
ion sensitivity. By using the results of the off-line
test, the output signal power corresponding to a sin-
gle ion with charge q at resonance3) is estimated to be
P = q2 × 2.8 × 10−21 W , and the power of thermal
noise Pnoise is 7.1 × 10−19 W. For q ≥ 16, the signal
power exceeds the noise floor, and the signal from the
beam can be detected by the present Schottky pick-
up. Therefore, the performance is sufficient for precise
tuning of isochronus field settings of the Rare-RI Ring.

The resonant Schottky pick-up will be soon installed
into the Rare-RI Ring. Detailed results of the off-line
test and online beam performance test will be reported
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in forthcoming publications.

Fig. 1. The resonant Schottky pick-up that will be installed

in the Rare-RI Ring. The resonant cavity surrounds

the beam pipe with a ceramic gap. The lower flanges

for feedthroughs are the output coupler loop, and the

upper feedthroughs are the movable plunger pistons,

using which the resonance frequency of the eigenmode

can be adjusted.

Fig. 2. Schematic view of a resonant cavity for the Rare-RI

Ring. (a) The pillbox-type cavity shown translucently

surrounds the beam pipe separated by a ceramic tube.

(b) A cross-sectional view of the cavity showing the

detailed structure of the gap.
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