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High resolution time-of-flight (TOF) measurements
are crucial for mass measurements via TOF methods
such as in-ring isochronous TOF or beam-line Bϱ-
TOF. To characterize and optimize the timing res-
olution of a mirror-type micro-channel plate (MCP)
detector1) with a timing anode, an experiment aimed
at studying the performance of the detector was con-
ducted at HIMAC (Heavy Ion Medical Accelerator in
Chiba). We demonstrate preliminary online results of
the timing detector which can be used for the revo-
lution time measurement inside the Rare RI Ring2)

(R3), start TOF of the total TOF for in-ring circula-
tion, beam-line TOF measurement for beam-line mass
determination and velocity reconstruction for in-ring
mass correction.

To investigate the properties of the detector,
a primary beam of 84Kr36+ at the energy of
200 MeV/nucleon is used. The experimental setup is
shown in Fig. 1(a). The setup consisted of two paral-
lel plate avalanche chambers (PPACs) for beam track-
ing, one electrostatic MCP detector, two plastic scin-
tillators for intrinsic timing resolution deduction of the
mirror detector. The MCP with a diameter of 40 mm is
mounted on a triangular detector structure as shown in
Fig. 1(b). The conversion foil is made of mylar (2 µm)
coated with aluminium. The accelerating grid consist-
ing of gold-plated tungsten (W+Au) wires (40 µm in
diameter) possesses a distance of 8 mm from the con-
version foil with a 1 mm pitch, and wires (W+Au) for
the inner and outer mirror grids are arranged with a
3 mm pitch. During the experiment, the high volt-
age (HV) potential of the MCP, accelerating grid and
inner mirror were set at 2.5 kV and the accelerating
HV of the foil and outer mirror grid were varied. The
timing resolution for isochronous and non-isochronous
condition3) has both been studied by the experiment
and simulation performed via SIMION4) as shown in
Figs. 1(c) and (d). The distance between the outer
mirror and inner mirror is 20 mm for isochronous con-
dition, while it is 8 mm for the non-isochronous condi-
tion. As demonstrated from Figs. 1(c) and (d), when
the accelerating HV is increased, the timing resolution
improves for both configurations with the correspond-
ing settings.
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As can be seen from Figs. 1(c) and (d), the trends
of timing resolution (only statistical errors included)
as a function of the accelerating HV for the simula-
tion and experimental results are consistent with each
other. Simulation results show that a timing resolution
of less than 20 ps could be achieved. However, the ex-
perimental results could not be achieved and seem to
be saturated around 40 ps for both conditions. One
possibility could be systematic error from the data ac-
quisition electronics. The detection efficiency reaches
∼ 96% by suitable arrangement of the MCP position
on the support plate of the triangular structure from
the theoretical calculation of the electromagnetic mo-
tion of the secondary electrons inside the detector.

Fig. 1. (a) Schematic diagram of the setup for HIMAC

experiment. (b) The side view of the MCP detector

structure. (c) and (d) depict the timing resolution (in

σ) as function of the accelerating HV potential (the HV

difference between the accelerating grid and conversion

foil) for isochronous and non-isochronous condition, re-

spectively. The red points are simulation results and

the blue points display the experimental results. The

HV values described in this report are all negative and

in the unit of kV, and values in brackets correspond to

(accelerating HV, outer mirror HV).
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Delay-line Anode for MCP-based Position Sensitive Detector
at Rare RI Ring
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Rare RI Ring1) (R3) is a newly developed mass spec-
trometer for the measurement of exotic nuclei with a
high precision of 10−6. In order to achieve this goal,
beam diagnostics need to be on the beam line (includ-
ing BigRIPS, SHARAQ, and R3 injection)1) for sev-
eral reasons: (1) velocity measurement with a preci-
sion of 10−4 is needed for mass determination;2) (2)
in order to improve the transport efficiency, emittance
matching should be applied, which requires emittance
measurement before the ring.3,4) To achieve a preci-
sion of 10−4 for the velocity measurement, new posi-
tion sensitive detectors with energy loss as low as 10−5

are needed, which cannot be achieved by conventional
PPAC. High position resolution (< 1 mm) and high ef-
ficiency (∼100%) are also needed. For these detectors,
it is very important to use position sensitive anodes
for collecting the secondary electrons. To achieve high
position resolution, we chose 2D delay-line anode for
Micro-Channel-Plate (MCP) based detectors. The re-
sult of the calibration and position resolution of the
anode is shown in this report.
A mask with several holes (the size of the holes were

1 mm and 0.5 mm in diameter) was placed on the
MCP, whose active area had a diameter of 120 mm,
as illustrated in Fig. 1. We used the vacuum gauge as

MCP
-2400V

electrons
mask for calibration

Fig. 1. Principle of the MCP with 2-D delay line anode;

the MCP was placed in vacuum (3.5× 10−3 Pa).
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Fig. 2. (a) Image produced by the electrons that pass

through the mask’s holes and hit the MCP; (b), (c)

Accuracy of the points in slice I and II in (a) by using

linear and quadratic functions; the error bar represents

the σ of the peak.

the source of electrons to calibrate the position of the
anode. For each dimension of the delay-line anode, the
sum of the times from the two ends, Tsum, should be
constant, see Fig. 1. We chose 3σ of Tsum as a gate to
cut the noise signal in both dimensions. The time in-
formation of each hole was obtained by projecting the
points in the X axis and Y axis, and by fitting it using
the Gauss function. It is not possible to use a linear
function to calibrate the relationship between the time
and position. Therefore, a quadratic function is chosen
since it has a higher accuracy as shown in Fig. 2(b)(c).
The position information of the holes after calibration
is shown in Fig. 2(a). For holes with a diameter of
1 mm, the resolution in both the x and y directions is
smaller than 0.6 mm in σ, which is required for high-
resolution position sensitive detector.
An MCP with a delay-line anode that has a res-

olution smaller than 0.6 mm in σ is adequate for a
position sensitive detector. One detector has already
been developed and is under testing.5) In the coming
years, other position sensitive detectors with the same
delay-line anode will be developed.
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