Silicon PIN photodiode-based radon detectors for
an underground experiment environment.
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It is very important to monitor the amount of radon (222Rn) in the underground experiments such
as rare decay search and dark matter experiments with ultra-low background requirements. The
radioactivity from the radon can be a significant background source to the experiments and need
to be measured precisely. We upgraded a radon detector with a volume of ~70 L which was used
in the KIMS (Korean Invisible Matter Search) experiment by replacing a Hamamatsu silicon PIN
photodiode and a Hamamatsu pre-amplifier. The positively charged radon’s daughter particles
(214Po and 218Po mostly) produced in the air of the detector chamber are collected by the
photodiode in a negative high voltage. The energy resolutions of alpha particles emitted from the
decays of the daughter particles are measured to be ~0.3% with very clean signals to be identified.
In this presentation, we also made two more radon chamber detectors and have been testing them
to be used in the underground experiment facility. We will present performances of the radon
chamber detectors in the tests.
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Radon chamber
We upgraded a radon chamber detector with a volume of ~70 L which was used in the
KIMS (Korean Invisible Matter Search) experiment by replacing with a Hamamatsu silicon PIN
photodiode and a Hamamatsu pre-amplifier. After confirming an improvement in energy
resolution of the upgraded detector, two new chamber detectors were produced as shown in Fig.
1. Polonium produced by the decay of radon is attached to the silicon photodiode after drifting
along the formed electric field of –1000 V. When alpha particles released from the polonium
decays are directing toward the silicon diode, we can measure the signals clearly.
Three peaks from the alphas released by decays of polonium can be seen in the peak
height distribution as shown in Fig. 2. The peaks were fitted using a crystal ball function. A sigma

Figure 1: One of two newly built
radon chamber detectors.

Figure 2: A pulse height distribution from the detector. Three alpha peaks
from 210Po, 218Po, and 214Po decays are clearly seen.

resolution of ~0.3% was obtained for each of the peaks. The three peaks show a good linearity in
energy response of the silicon sensor.
A ~22 days of long-term test after flushing N2 gas showed a slight decrease of polonium
with time, which indicates no outside gas leakage into the chamber.
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Introduction
Radon is an inert gas and has colorless, tasteless and odorless properties. It is also heavier
than air. During the process of natural decay of uranium or thorium which is common on the earth,
the radon is produced in the decay chain. Because the radon itself is an inert gas, it can easily
penetrate into the detector. Since there are many radioactive backgrounds from the radon
deposited inside the detector, it is very important for the underground experiment to monitor the
radon concentration in the environment. To measure the concentration of radon, we use polonium,
the daughter isotopes of radon. They are positively charged and can be easily collected by using
negatively charged electric field.

