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Experiments on fundamental characteristics of space plasma particle detectors
using MCP and APD
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Avalanche photodiodes (APDs) are photodiodes with internal amplification gain due to an increase in the current inside
the APD when a voltage of approximately 150 to 180 V is applied, and can detect electrons of several keV (= 5 keV) by
enhancing the signal pulse heights. For the ERG mission, an electron sensor (MEP-e) composed of a cusp-type electrostatic
analyzer (ESA) and APDs for the measurements of medium-energy ("7-87 keV) electrons in space. Since the signal pulse
height of APD is almost proportional to the energy of incident particles in the medium energy range, the energy analysis of
incident particles can be performed independently of the electrostatic energy analyzer. This also has the advantage of helping
to reduce background in observations in harsh radiation environments.

Microchannel plates (MCPs) are charge amplifiers that multiply secondary electrons produced by incident particles and
have high detection efficiency for low-energy particles. As the incident energy of electrons increases, detection efficiency
decreases. The gain of the MCP depends on the number of MCP layers and the applied voltage, and a high voltage (2 to 3 kV
or higher) is required to detect particles. Since MCP cannot analyze the energy of incident particles or identify particles, it is
often used for particle detection in combination with an electrostatic energy analyzer or TOF mass spectrometer. Therefore,
we are conducting fundamental experiments to develop a hybrid detector by combining MCPs and APDs. The hybrid detector
is expected to reduce the number of MCP layers and the required voltage by using a low-noise charge amplifier and an APD.
We are also carrying out experiments to obtain the basic characteristics of both MCP and APD.

We have conducted experiments using a hybrid detector consisting of a 1-layer MCP and an APD without and with 2 1 m
aluminum-coating on the incident surface, irradiated with electron beams of 20 to 100 keV. The results are as follows:

A. 1-layer MCP and non-coated APD

1. The signal of the electron cloud amplified by the MCP and irradiated to the incident surface of the APD was confirmed.

2. The amplification of the electron cloud from the MCP inside the APD produces a signal pulse height about 3 to 10 times
higher than that of A.1, and the pulse height is roughly proportional to the energy of the electron cloud.

3. The signal of electrons penetrating the MCP and entering the APD was confirmed at 20 to 100 keV.

B. 1-layer MCP and coated APD

1. The electron cloud from the MCP was identified.

2. When the electron cloud from the MCP was applied so that secondary electrons were emitted from the incident surface
of the APD, the signal was almost as large as the signal from the electron cloud in B.1.

3. In the case of electrons penetrating the MCP and incident on the APD, the signal is roughly half that of A.3 because the
aluminum-coated layer reduces the energy, and the minimum detected energy increases to about 30 keV.

The detection of electrons from 10 eV to 100 keV was also performed using a 3-layer MCP and a coated APD. From these
experiments, it was found that the detection efficiency of the 3-layer MCP is highest between 600 eV and 1 keV, and that the
pulse height signal is approximately twice as high as those at tens of eV and tens of keV.

We are currently planning to perform experiments to confirm how the results of pulse height analysis change depending on
the ion species to a non-coated APD and a hybrid detector consisting of a 1-layer MCP and an APD.
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