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window or WLSF. The noise rate depends on the amount of
material present (7.6× 10−3).

The WLSF light guide using two types of fibers (B-3 and
Y-11) can collect Cherenkov light efficiently in comparison to
a single type of fiber (B-3 or Y-11) because Cherenkov light
has a continuous spectrum with intensity proportional to 1/λ2.
In addition, it allows for the reabsorption of light emitted from
the B-3 layer at the Y-11 layer.

A 1.18-2.28 MeV beta-ray emits Cherenkov light in the
aerogel and is detected by the PMTs via WLSFs. Below
1.17 MeV, Cherenkov light is not emitted. WLSFs have a
core with a refractive index of 1.59 and threshold velocity
ratio of 0.629 for Cherenkov conditions in the fibers. A
1.17 MeV beta-ray can travel through the aerogel to a depth
of approximately 2.5 cm, at which point it stops. Therefore,
silica aerogel can function as both a Cherenkov radiator and
shielding material. When a 662 keV gamma-ray is emitted,
secondary electrons are produced through Compton scattering
in the aerogel, with maximum kinetic energies of 477 keV.
Therefore, the Cherenkov conditions are not satisfied at the
index of the aerogel with the electron. If gamma-rays interact
within the fiber, a false positive can be observed.

Fig. 1. Installed silica aerogel and the WLSFs light guide coupled with PMTs.

C. Cosmic ray veto counter

A veto counter was added to the device to suppress events
occurring from cosmic rays. The veto counter comprised a
plastic scintillator, WLSFs, and a PMT. The scintillator was
5 mm×400 mm×200 mm, which fully covered the effective
area. WLSFs used in the veto counter were the same as the
ones described above, i.e., Y-11(300)MJ with a diameter of
0.2 mm. WLSFs were connected to four side faces of the
scintillator, bundling both end fibers into one. The PMT was
connected to the bundled fibers, which allowed for detection
of scintillation light. When the cosmic ray passing though the
center of the veto counter was a muon, the mean number of
photoelectrons observed by the PMT was 6.6.

D. Electronics
The electronics for the Sr-90 counter were based on NIM

(Nuclear Instrument Modules) unit. Three logical signals from
each function, SFT, AC, and veto counters, are transferred to
the final counting system. The equation is given as

Count = CSFT ∩ CAC ∩ Cveto, (3)

where CSFT , CAC , and Cveto are counting signals of the SFT,
AC, and veto counters, respectively.

III. IDENTIFICATION OF SR-90/Y-90
The identification of a beta-ray originating from Y-90 in

the presence of other radiation sources is shown in Fig.2.
In the case of Sr-90/Y-90, the SFT reacts with the beta-ray,
Cherenkov light is emitted in the aerogel, WLSFs absorb
the Cherenkov light, and the PMTs detect the light via the
fibers through re-emission and the total reflection condition.
A shielding block (aluminum of thickness of 10 mm) stops
the beta-ray before it reaches the veto counter.

This detector is insensitive to beta- and gamma-ray emitting
radioisotopes such as Cs-137. Beta-rays below 1.17 MeV acti-
vate the SFT but do not cause the emission of Cherenkov light
and stop in the aerogel, with an index of 1.0485. Gamma-rays
with 0.662 MeV energies produce secondary electrons with
maximum kinetic energies of 0.447 MeV through Compton
scattering in the aerogel, which does not satisfy the Cherenkov
conditions as the electrons have a maximum velocity ratio
of 0.92. When the photon interacts with the fibers, the de-
tector can provide a false positive. However, the use of a
photoreceiver comprising WLSFs with fewer substances can
potentially suppress a portion of these events. This detector is
also insensitive for K-40, as with Cs-137.

In addition, this detector is insensitive for radioisotopes
emitting a beta-ray and two gamma-rays, such as Cs-134. It is
difficult to detect Y-90 in an energy spectrum with a Cs-134
background using conventional methods, as the total energy
of the beta-ray and two gamma-rays emitted from Cs-134 is
2.058 MeV. As only the detection of beta-rays satisfies the
Cherenkov conditions, this counter has the advantage of being
insensitive for other radiation sources, such as Cs-134.

Finally, a cosmic ray event can be suppressed by the veto
counter.

IV. RESULTS AND DISCUSSIONS

A real-time Sr-90 counter prototype was produced (see
Fig. 3) with an effective area of 300 mm × 100 mm. Its
performance was evaluated using radioactive sources defined
by the Japan Radioisotope Association, such as Sr-90/Y-90 (25
kBq) and Cs-137 (25 kBq).

A. Absolute efficiency for each radionuclide
An absolute efficiency is defined as the ratio of count rate

and an activity of a sample in the counter. The efficiency
was estimated in the following manner: (a) the background
rate was measured for an hour, (b) each radiation source was
placed in the center of the detector, (c) the number of counts

Aerogel Cherenkov Counter
-Silica Aerogel (n=1.0411, TL=40.8mm@400nm)
-Wavelength Shifting fibers (Y-11 + B-3
-Photomultiplier tubes (R9880U-210)
-Effective area: 300 mm × 100 mm

Real time 90Sr counter
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Detection Mechanism

The Great East Japan earthquake caused the accident of
Fukushima Daiichi Nuclear Power Plant in March, 2011, as
a result, radionuclides spread around Japan and Pacific
Ocean. In particularly, fisheries of Fukushima Prefecture
were damaged seriously. Recently, the fisheries have not
restarted yet. One of the reasons is 90Sr because it is more
dangerous by accumulating in the bone and difficult to
measure concentration of contamination in fish or seafood.

A new detector, real-time 90Sr counter, was developed
using threshold type aerogel Cherenkov counter. The
detector can measure radioactivity of 90Sr in real time,
because beta rays from 90Y are identified in environmental
radiation such as 40K.
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Conclusion

2.3 Veto counter for suppression of cosmic ray
A veto counter was set over the AC to suppress cosmic muons. Since a shielding block (made of

Aluminum) was set between the veto counter and the AC, it is clear that the electrons emitted from
the sample cannot enter the veto counter. The veto counter consists of a plastic scintillator bar with a
size of 400 mm × 200 mm × 5 mm, WLSFs and a PMT. WLSFs were connected to four side faces
of the scintillator, bundling both ends of the fibers into one. The PMT was connected to the bundled
fibers, which allowed for detection of scintillation light. In a bench test using cosmic muons, the mean
number of photoelectrons observed by the PMT was 6.6.

2.4 Design of the detector
Fig. 2 shows a design of the detector. The sample is grinded to a paste with thickness of about

1 mm, and it is set under the trigger counter. The silica aerogel tiles with a thickness of 10 mm
were stacked into three layers to stop the beta ray with 1.31 MeV. Electrons, which emitted from
gamma-ray with the energy less than 1.53 MeV by Compton scattering, do not satisfy the condition
of Cherenkov radiation in the silica aerogel with an index of 1.042.

Three logical signals from each function, the trigger, the AC, and the veto counters, are transferred
to the final counting system. The logic is given as

Count = Ctrigger ∩CAC ∩Cveto, (1)

where Ctrigger, CAC , and Cveto are signal counts of the trigger counter, the AC, and the veto counters,
respectively.

Fig. 2. The sketch of structure of the real-time 90Sr counter consisting of the trigger counter (trigger) using
scintillating fiber, the aerogel Cherenkov counter (AC) with wavelength shifting fibers (WLSFs), and the veto
counter (veto) for suppression of cosmic ray. The magenta, blue, and black arrows represent the charged parti-
cle, the gamma-ray and knocked out electron, respectively. The yellow cone shape and spreading shape denote
Cherenkov radiation and scintillation emission, respectively.
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Detection Limit (𝐴"#$%&) was defined

where 𝜂( dnots an absolute efficiency of radionuclide (𝑥=90Sr, 137Cs, 40K),
𝑁+, is background rate at empty, m is sample weight (30 g), 𝜀 is
compression ratio (wetted fish: 1, dried fish: 0.3, dried seawater: 0.01), 𝑇
is measurement time of 3600 seconds, 𝐴′( is radioactivity of the
radionuclide 𝑥.

Mean efficiencies

The efficiencies at the center of the detector

90Sr 90Sr 137Cs, 40K Cosmic Rays

1 ch
2 ch
3 ch
4 ch
5 ch
6 ch
7 ch
8 ch

𝑇𝑟𝑖𝑔𝑔𝑒𝑟
1	𝑐ℎ ∩ 2	𝑐ℎ

𝑉𝐸𝑇𝑂
3	𝑐ℎ ∪ 4	𝑐ℎ

𝐴𝐶(𝑀 ≥ 𝑛)
4𝐶𝑛	𝑖𝑛	5 − 8	𝑐ℎ

𝑇𝑟𝑖𝑔𝑔𝑒𝑟 ⊗ 𝐴	𝐶(𝑀 ≥ 1)⊗ 𝑉𝐸𝑇𝑂

𝑇𝑟𝑖𝑔𝑔𝑒𝑟 ⊗ 𝐴	𝐶(𝑀 ≥ 2)⊗ 𝑉𝐸𝑇𝑂

𝑇𝑟𝑖𝑔𝑔𝑒𝑟 ⊗ 𝑉𝐸𝑇𝑂
𝑇𝑟𝑖𝑔𝑔𝑒𝑟 ⊗ 𝐴	𝐶(𝑀 ≥ 2)

A new detector, real-time 90Sr counter, was developed using threshold type aerogel Cherenkov
counter. As the result of performance estimation, the efficiency ratio was evaluated as 𝜂K#/𝜂MN = 	1083,
𝜂K#/𝜂Q = 116, source position dependence of the efficiencies as expected, and good response
linearity. The detection efficiency was estimated as 1.9	Bq/kg (dried seawater) and 57.3	Bq/kg	(dried
fish).

Introduction

When velocity of charged
particles is higher than light
velocity in a material with
refractive index of n, as shock
waves, photons are emitted. The
phenomenon is Cherenkov
radiation.

VETO counter (2 units)
- Plastic scintillator
- Wavelength Shifting fibers
- PMT: H11934-200
- Npe > 40 p.e. in any position


