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A time-of-flight (TOF) detector was developed in a
large entrance foil of 140 mm in diameter for GARIS-
II.1) One of the important characteristics of the TOF
detector is the detection efficiency for charged particles
passing through the TOF detector. The TOF detec-
tor consists of an entrance foil, three wire grids for
the formation of electric fields, two side panels, and a
micro-channel plate (MCP), as shown in Fig. 1.

Fig. 1. Schematic view of the TOF detector and typical ap-

plied voltage. When the charged particles pass through

the TOF detector, secondary electrons (SEs) are emit-

ted from the entrance foil and guided to the MCP along

the electrostatic field.

In previous work,2) it was found that the detection
efficiency decreased in the horizontal space of a region
more than ±30 mm away from the center of the en-
trance foil. This is because there are cases where the
SEs emitted from edge of the entrance foil are not col-
lected at the MCP.

In order to improve this problem, correction voltages
were newly applied to the side panels of the TOF de-
tector for the modification of electric field in the hor-
izontal space. The detection efficiency was checked
by impinging alpha particles from an 241Am standard
source on the entrance foil. Nine Si detectors were set
with suitable intervals behind the TOF detector and
operated in coincidence mode. Thus, the position de-
pendence of the detection efficiency was obtained as
shown in Fig. 2. The detection efficiency was defined
as the ratio NTOF /NSi, where NTOF and NSi are the
number of alpha particles detected by the TOF and
that detected by Si detectors, respectively. The cor-
rection voltages for the side panels were −350 V lower
than the applied voltage for the upper surface of the
MCP, the accelerating wire grid, and the inner mirror
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wire grid.
As a result, we improved of the detection efficiency

up to 99% at the edge region of the entrance foil with
the correction voltage. The improvement can be ver-
ified by comparison with the trajectories of the elec-
trons using an ion optics simulation program (SIMION
3D),3) as shown in Fig. 3.

Fig. 2. Measured detection efficiency at the entrance foil in

the horizontal space. The horizontal axis indicates the

incident position of alpha particles.

Fig. 3. Simulation results of trajectories of SEs obtained

using SIMION 3D. The equipotential lines (blue) and

the electronic tracks (red) are calculated with an cor-

rection voltage of 0 V (a, c) and −350 V (b, d). MCP

is indicated by the white region (a, b).
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for missing mass spectroscopy at BigRIPS
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In December 2017, we conducted a performance
test for a new low-pressure multi-wire drift chamber
(MWDC) using proton beams to evaluate tracking res-
olution and efficiency, as well as their stability under
a high-rate beam condition. In this paper, we report
the online results of the test experiment.

The MWDC is developed as a tracking detector at
the F5 focal plane in BigRIPS, mainly for two exper-
iments of missing mass spectroscopy: a precise mea-
surement of deeply bound pionic atoms via the (d, 3He)
reaction1) (piAF) and a search for double Gamow-
Teller giant resonance (DGTGR) via the (12C, 12Be)
reaction.2) In these experiments, the tracking detector
is required for (1) the detection of light ions under a
high-rate background condition (an order of MHz tri-
ton in the DGTGR experiment and proton in the piAF
experiment) and (2) operation in vacuum to avoid mul-
tiple scattering from a vacuum window. For these ex-
periments, we designed and constructed the new low-
pressure MWDCs.3)

The test experiment was conducted in 1.5 days at
CYRIC, Tohoku University, by using primary pro-
ton beams of 30 MeV/u. The beam energy was se-
lected to simulate the energy loss of the signal 3He
of 120 MeV/u in the pionic atom experiment. The
beam was detected and identified by two plastic scintil-
lators at the upstream and downstream of the MWDCs
as shown in Fig. 1. MWDC consists of 9 planes
(XX’X”(0◦), UU’U”(+30◦), VV’V”(−30◦)), and is op-
erated with pure isobutane gas at 13.3 kPa. Figure 2
shows the evaluated detection efficiency as a function
of the voltage applied to cathode planes and potential
wires. As shown in the figure, the single-plane effi-
ciency is greater than 98% with a voltage of higher than
−1300 V. The plane resolution and stability under
the high-rate condition are also evaluated with volt-
age of −1350 V. Though the precise evaluation is still
in progress, the position resolution is apparently bet-
ter than 0.5 mm (FWHM), which satisfies the experi-
mental requirement. The stability test of the MWDC
was performed with ≃ 100 kHz proton beams. The
condition is comparable with the expected high-rate
background in BigRIPS in terms of the space charge

∗1 RIKEN, Nishina Center
∗2 Department of Physics, Kyoto University
∗3 CYRIC, Tohoku University
∗4 Department of Physics, Tohoku University
∗5 Department of Physics, Toho University
∗6 Center for Nuclear Study, University of Tokyo
∗7 GSI Helmholtzzentrum für Schwerionenforschung GmbH
∗8 Department of Physics, University of Tokyo

effect. Under this severe condition, we confirmed that
the detection efficiency does not change by more than
a few percent.

From the above results, we found that the MWDC
shows satisfactory performance for the experiments at
BigRIPS. The precise analysis is ongoing.
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Fig. 1. New constructed MWDCs and plastic scintillators

placed on the beam line at CYRIC.
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Fig. 2. Evaluated detection efficiency of the single plane as

a function of voltage for cathode planes and potential

wires. The red, blue, and magenta colors correspond

to the multiplicity (≡ number of fired wires par plane)

is one, two, and more than three in one event, and the

black shows the overall efficiency of the plane.
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