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STUDY	OF	RTSC

RTSC:	Real	 time	 Strontium	90	Counter

Type	A	ver.	1.1

背景・目的
- 福島県沖漁業復興
- 即時90Sr放射能濃度測定
- 水道・テロ対策

仕様
- 有効面積: 300 mm x 100 mm
- WLSF light guide: BBYY
- Aerogel n=1.041
- Scintillating fiber sheet 1 layer
- 回路: HV, Disc., BRoaD

Study
- 線源の絶対感度
- 応答線形性
- 検出限界
- 感度一様性
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with an external form of 200 mm× 700 mm× 70 mm and
an inner capacity of 170 mm× 680 mm× 50 mm. Wherever
cosmic-ray muons passed through the veto counter, the num-
ber of photoelectrons of 50-60 was observed. Therefore, the
performance was estimated to be enough.
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345×47×15	mm)200×47×10	mm) 345×200×20	mm)

695×47	mm.200×47	mm. 695×200	mm.

WLSF	(Y-11,	Double	Cladding	)
>	4	layers,	Reading	by	one	side,
>	Length	of	345	mm	+	200	mm
>	Total	1400	fibers

WLSF	(Y-11,	Double	Cladding	)
>	4	layers,	Reading	by	one	side,
>	Length	of	345	+	200	mm
>	Total	1200	fibers

WLSF	(Y-11,	Double	Cladding	)
>	4	layers,	Reading	by	one	side,
>	Length	of	200	+	300+	300mm
>	Total	800	fibers
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Fig. 2. The veto counter design and sectional views of the scintillator blocks.
One of the veto counter units consisted of the scintillator plates with 5-mm
thickness, the light guides made of the WLSF, Y-11, with 0.2-mm diameter,
and the PMT, H11934-200.

C. Electronics
An overview of the electronics and pictures of circuit boards

are shown in Fig. 3. The detector could be supplied with 100 V
of alternate current (AC) voltage from a household power
source. After the supplied AC voltage was converted to a direct
current (DC) voltage of positive 12 V by an AC-DC converter,
HFS50, made by Daitron Co., Ltd., Japan, a DC-DC converter,
RP-1637CS, which was manufactured by REPIC Co., Ltd.
supplied the DC voltages of positive and negative 5 V and
positive 12 V and the DC voltages of positive and negative
5 V to each HV and DISCR (defined below), respectively.
The HV was 4-channel high voltage supply unit for PMTs,
RP-1637BS, manufactured by REPIC, which had 2 high-
voltage chips, BP015205n12, made by iseg Spezialelektronik
GmbH, Germany. The HV supplied commonly 1200 V to each
PMT. The DISCR was a 4-channel discriminator, RP-1637AS,
manufactured by REPIC. signal cables from the PMTs were
connected to the DISCR. The signals output from the DISCR
were a NIM logic and were input to a BRoaD, which was the
NIM level logic unit, BRoaD ver. 1, developed by Bee Beans
Technologies Co., Ltd. [15]. In the study, the BRoaD had a
function as coincidence modules.

D. Logic Signals
After the pulse signals from PMTs were discriminated by

the DISCR, the NIM-logic signals with 50-ns width from the
veto counter were input to the BRoaD. On the other hands,
the NIM signals with 10-ns width from the trigger and the
Cherenkov counters were delayed for 30 ns to synchronize
with the signal timing of the veto counter and were input
to the BRoaD. A schematic of a time projection for these
logics is shown in Fig.4. In order to measure the beta rays
from 90Y, the logic of Trigger ∩ V ETO ∩AC was required,
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Fig. 3. An overview of the electronics (left). DISCR and HV were the
discriminator, RP-1637AS, and the high voltage supply for PMTs, RP-
1637BS, manufactured by REPIC Co., Ltd., respectively. A BRoaD was a
NIM level logic unit developed by Bee Beans Technologies Co., Ltd. (right).

where Trigger was defined as an AND logic of the both
PMTs connected the trigger counter, V ETO was as an OR
logic of either PMTs connected to the veto counter, and
AC was as a multiplicity logic in the 4 PMTs connected to
the Cherenkov counter. When a number of hit PMTs (M )
become to a threshold number (n) or more in the 4 PMTs, the
multiplicity of AC was enabled. The multiplicity represented
as AC(M ≥ n) and could tune a probability of 90Sr. In order
to compare the logics for the measurement of 90Sr, the BRoaD
defined as

Trigger ∩ V ETO ∩AC(M ≥ 1), (3)
Trigger ∩ V ETO ∩AC(M ≥ 2), (4)
Trigger ∩ V ETO, (5)
Trigger ∩AC(M ≥ 2). (6)

The logics of Eq. (3)-(5) were corresponded to n = 1, 2, 0,
respectively. The Eq. (4) and (6) compared to confirm sup-
pressing effects of cosmic-ray events by the veto counter.
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Fig. 4. Time projection for the logic signals. Blue and red lines were NIM-
level signals output from the DISCRs and BRoaD, respectively. These logics
represented behaviors of signals from 90Sr, 137Cs, 40K, and cosmic-ray
muons.

III. RESULTS OF PERFORMANCE EVALUATION

The detector performance was evaluated by measuring an
absolute efficiency, the uniformity, and the response linearity
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with an external form of 200 mm× 700 mm× 70 mm and
an inner capacity of 170 mm× 680 mm× 50 mm. Wherever
cosmic-ray muons passed through the veto counter, the num-
ber of photoelectrons of 50-60 was observed. Therefore, the
performance was estimated to be enough.
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695×47	mm.200×47	mm. 695×200	mm.

WLSF	(Y-11,	Double	Cladding	)
>	4	layers,	Reading	by	one	side,
>	Length	of	345	mm	+	200	mm
>	Total	1400	fibers

WLSF	(Y-11,	Double	Cladding	)
>	4	layers,	Reading	by	one	side,
>	Length	of	345	+	200	mm
>	Total	1200	fibers

WLSF	(Y-11,	Double	Cladding	)
>	4	layers,	Reading	by	one	side,
>	Length	of	200	+	300+	300mm
>	Total	800	fibers
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Fig. 2. The veto counter design and sectional views of the scintillator blocks.
One of the veto counter units consisted of the scintillator plates with 5-mm
thickness, the light guides made of the WLSF, Y-11, with 0.2-mm diameter,
and the PMT, H11934-200.

C. Electronics
An overview of the electronics and pictures of circuit boards

are shown in Fig. 3. The detector could be supplied with 100 V
of alternate current (AC) voltage from a household power
source. After the supplied AC voltage was converted to a direct
current (DC) voltage of positive 12 V by an AC-DC converter,
HFS50, made by Daitron Co., Ltd., Japan, a DC-DC converter,
RP-1637CS, which was manufactured by REPIC Co., Ltd.
supplied the DC voltages of positive and negative 5 V and
positive 12 V and the DC voltages of positive and negative
5 V to each HV and DISCR (defined below), respectively.
The HV was 4-channel high voltage supply unit for PMTs,
RP-1637BS, manufactured by REPIC, which had 2 high-
voltage chips, BP015205n12, made by iseg Spezialelektronik
GmbH, Germany. The HV supplied commonly 1200 V to each
PMT. The DISCR was a 4-channel discriminator, RP-1637AS,
manufactured by REPIC. signal cables from the PMTs were
connected to the DISCR. The signals output from the DISCR
were a NIM logic and were input to a BRoaD, which was the
NIM level logic unit, BRoaD ver. 1, developed by Bee Beans
Technologies Co., Ltd. [15]. In the study, the BRoaD had a
function as coincidence modules.

D. Logic Signals
After the pulse signals from PMTs were discriminated by

the DISCR, the NIM-logic signals with 50-ns width from the
veto counter were input to the BRoaD. On the other hands,
the NIM signals with 10-ns width from the trigger and the
Cherenkov counters were delayed for 30 ns to synchronize
with the signal timing of the veto counter and were input
to the BRoaD. A schematic of a time projection for these
logics is shown in Fig.4. In order to measure the beta rays
from 90Y, the logic of Trigger ∩ V ETO ∩AC was required,
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Fig. 3. An overview of the electronics (left). DISCR and HV were the
discriminator, RP-1637AS, and the high voltage supply for PMTs, RP-
1637BS, manufactured by REPIC Co., Ltd., respectively. A BRoaD was a
NIM level logic unit developed by Bee Beans Technologies Co., Ltd. (right).

where Trigger was defined as an AND logic of the both
PMTs connected the trigger counter, V ETO was as an OR
logic of either PMTs connected to the veto counter, and
AC was as a multiplicity logic in the 4 PMTs connected to
the Cherenkov counter. When a number of hit PMTs (M )
become to a threshold number (n) or more in the 4 PMTs, the
multiplicity of AC was enabled. The multiplicity represented
as AC(M ≥ n) and could tune a probability of 90Sr. In order
to compare the logics for the measurement of 90Sr, the BRoaD
defined as

Trigger ∩ V ETO ∩AC(M ≥ 1), (3)
Trigger ∩ V ETO ∩AC(M ≥ 2), (4)
Trigger ∩ V ETO, (5)
Trigger ∩AC(M ≥ 2). (6)

The logics of Eq. (3)-(5) were corresponded to n = 1, 2, 0,
respectively. The Eq. (4) and (6) compared to confirm sup-
pressing effects of cosmic-ray events by the veto counter.
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Fig. 4. Time projection for the logic signals. Blue and red lines were NIM-
level signals output from the DISCRs and BRoaD, respectively. These logics
represented behaviors of signals from 90Sr, 137Cs, 40K, and cosmic-ray
muons.

III. RESULTS OF PERFORMANCE EVALUATION

The detector performance was evaluated by measuring an
absolute efficiency, the uniformity, and the response linearity
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limit was estimated to 1.93± 0.29 (stat)± 0.39 (sys) (sea-
water) and 57.3± 8.6 (stat)± 11.4 (sys) Bq kg−1 (seafood)
at the logic (4).

E. Comparison with the logics
As the multiplicity threshold (n) increased, the efficiency

was reduced and the efficiency ratio was raised in comparison
with the logics (3)-(5). The logic (5) was same as a logic for
detecting beta rays without threshold energy, which cannot
identify 90Sr. In comparison with the logics (4) and (6),
it was confirmed the veto counter contributed to suppress
event from cosmic rays. N (6)

BG −N (4)
BG = 2898.2± 46.3 cph

was corresponded to count rate from cosmic rays at a logic
of Trigger ∩ V ETO ∩AC(M ≥ 2), where an incident solid
angle of detected cosmic rays was allowed to be by 2π on a
center of the trigger counter.

F. Efficiency Uniformity by Source Position
The efficiency uniformity was measured setting the 90Sr

source at 35 points under the window with the area of
300 mm × 100 mm. As a result, about logic (3), the
uniformity shows in Fig.6. The efficiency of 90Sr tends to
peak the value at the center and to reduce to half value at
the edge, as a result, mean of the efficiency is calculated as
(1.68± 0.24)× 10−3 Bq−1s−1. Other efficiencies are listed
in TABLE II.
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Fig. 6. Efficiency Uniformity by Source Position. The source is set 35 points
(X and Y) placed in effective area 300 mm× 100 mm.

G. Discussion
According to the equation (11), the detection limit depends

on the efficiency of 90Sr, an effective area contributed the sam-
ple weight, background rate, and measuring time. Thus, from
the result of the TABLE ??, it was confirmed NBG was main
factor exacerbated the limit without suppression of cosmic-ray
event in comparison with the logic (4) and (6). To improve
the performance more, the effective area should be expected
because the limit is reduced almost inversely with squire root
of sample weight, e.g. a next-generation detector with the area

TABLE I
RESULTS OF THE BACKGROUND RATE, THE ABSOLUTE EFFICIENCIES AND
EFFICIENCY RATIOS ON THE RADIONUCLIDES, THE FITTED INCLINATION

AND χ2/NDF OF RESPONSE LINEARITY IN EACH LOGIC

Logic (3): Trigger ∩ V ETO ∩AC(M ≥ 1)
NBG 392.06± 25.28 cph

ηSr [4.58± 0.09(stat)± 0.94(sys)]× 10−3 Bq−1s
−1

ηCs [1.61± 0.06(stat)± 0.32(sys)]× 10−5 Bq−1s
−1

ηK [4.07± 1.38(stat)± 0.02(sys)]× 10−5 Bq−1s
−1

ηSr/ηCs 285
ηSr/ηK 113
The inclination (4.55± 0.06)× 10−3 Bq−1s−1

χ2/NDF 2.3/9
Amin

Sr (seawater) 1.23± 0.04 (stat)± 0.25 (sys) Bq kg−1

Amin
Sr (seafood) 36.1± 1.2 (stat)± 7.4 (sys) Bq kg−1

Logic (4): Trigger ∩ V ETO ∩AC(M ≥ 2)
NBG 125.06± 12.31 cph

ηSr [1.79± 0.04(stat)± 0.36(sys)]× 10−3 Bq−1s
−1

ηCs [1.32± 0.19(stat)± 0.26(sys)]× 10−6 Bq−1s
−1

ηK [5.77± 7.83(stat)± 0.02(sys)]× 10−6 Bq−1s
−1

ηSr/ηCs 1352
ηSr/ηK 310
The inclination (1.74± 0.06)× 10−3 Bq−1s−1

χ2/NDF 2.6/9
Amin

Sr (seawater) 1.75± 0.09 (stat)± 0.36 (sys) Bq kg−1

Amin
Sr (seafood) 52.2± 2.6 (stat)± 10.7 (sys) Bq kg−1

Logic (5): Trigger ∩ V ETO
NBG 28795.6± 131.0 cph

ηSr [2.47± 0.01(stat)± 0.51(sys)]× 10−1 Bq−1s
−1

ηCs [6.75± 0.01(stat)± 0.14(sys)]× 10−2 Bq−1s
−1

ηK [1.24± 0.01(stat)± 0.01(sys)]× 10−1 Bq−1s
−1

ηSr/ηCs 3.67
ηSr/ηK 2.00
The inclination (2.49± 0.01)× 10−1 Bq−1s−1

χ2/NDF 20/9
Amin

Sr (seawater) 0.39± 0.01 (stat)± 0.08 (sys) Bq kg−1

Amin
Sr (seafood) 6.56± 0.01 (stat)± 1.35 (sys) Bq kg−1

Logic (6): Trigger ∩AC(M ≥ 2)
NBG 2297± 50 cph

ηSr [1.80± 0.05(stat)± 0.37(sys)]× 10−3 Bq−1s
−1

ηCs [2.30± 0.49(stat)± 0.46(sys)]× 10−6 Bq−1s
−1

ηK [1.57± 2.58(stat)± 0.01(sys)]× 10−5 Bq−1s
−1

ηSr/ηCs 800
ηSr/ηK 114
The inclination (1.74± 0.04)× 10−3 Bq−1s−1

χ2/NDF 2.6/9
Amin

Sr (seawater) 7.42± 0.08 (stat)± 1.52 (sys) Bq kg−1

Amin
Sr (seafood) 223± 2 (stat)± 46 (sys) Bq kg−1

TABLE II
RESULT OF THE MEAN EFFICIENCY AT POSITION UNIFORMLY ON EACH

THE LOGIC

Logic equation Mean efficiency
Logic (3) (4.28± 0.58)× 10−3 Bq−1s−1

Logic (4) (1.68± 0.24)× 10−3 Bq−1s−1

Logic (5) (2.49± 0.90)× 10−1 Bq−1s−1

Logic (6) (1.69± 0.24)× 10−3 Bq−1s−1

extending to 1, 000 cm2 from 300 cm2 and same number
of PMTs would be estimated to 1.06 (31.3) Bq−1kg−1 for
seawater (seafood) sample.

STUDY	OF	RTSC



2017/01/11 3

IEEE TRANSACTIONS ON NUCLEAR SCIENCE 5

and estimating a detection limit for 90Sr.

A. Radioactivity of Sources
Radioactive sources of 90Sr, 137Cs, and 40K were used in

the evaluation test, The radioactivities of the 90Sr and137Cs
were estimated as

A(t) = A0exp

(
− t

τ
ln2

)
, (7)

where A0 = 37 kBq (±20%) defined as the Japan Radiation
Association, t is passage of the years since the last calibration,
and τ presents each physical half-life. The radioactivities
of ten 90Sr and a 137Cs sources were calculated to be
23.6± 0.3 (stat)± 4.7 (sys) kBq and 26.0± 5.2 (sys) kBq,
respectively. The statistic and systematic errors were deter-
mined as deviation of individual activity and uncertainly by the
last calibration, respectively. Pure potassium chloride (KCl)
was used as a 40K source. The KCl source had stable mass
and the radioactivity concentration of 16.6 Bq/g from 40K.
The KCl with a purity of 99.5% or more was obtained from
Hayashi Pure Chemical Ind., Ltd. The KCl source with a
mass of 30.0± 0.1 g (498± 2 (sys) Bq) was used for the
performance estimation.

B. Absolute Efficiency
Background rates for the logic operation of equation (3)-

(6) at one hour in 14 times were measured 392.06± 25.28,
125.06± 12.31, 28795.6± 131.0, and 2297± 50 cph, respec-
tively, which the errors represented standard deviation. The
absolute efficiency was defined as

ηx = (Nx −NBG)/AxT, (8)

where x = 90Sr, 137Cs, 40K denotes used radionuclides,
T = 3600 s was measurement time, and N was the count
rate at an hour. In this paper, results on the logic of Eq.
(4) were described below. The other results were listed in
Table I (discussed later). After the 90Sr source was set on
a center of under the trigger counter, the count rate was
observed 147545 ± 369 cph corresponded to the efficiency
of [1.79± 0.04(stat)± 0.37(sys)]× 10−3 Bq−1 s−1, where
the statistic error was dominant for the error of NSr and
NBG mainly and the systematic error was originated from
systematic error of ASr. When the other source setting
same as the 90Sr source, the efficiencies of 137Cs and 40K
were evaluated to be [1.32± 0.19(stat)± 0.026(sys)]× 10−6

and [5.77± 7.82(stat)± 0.23(sys)]× 10−6 Bq−1 s−1, re-
spectively. As a result, the efficiency ratios, ηSr/ηCs and
ηSr/ηK, were calculated as 1398 and 321, respectively. There-
fore, it was demonstrated the detector could identify substan-
tially the beta rays from 90Y in other radiation.

C. Response Linearity
A relationship between the radioactivity and count rate was

measured as the response linearity of the 90Sr radioactivity
by set the 90Sr sources under the trigger counter. Each count
rate at 10 minutes was measured with increasing the sources.

The result on the logic of Eq. (4) is shows in Fig. 5.
The relationship has a good linearity with fitted inclination
of (1.74± 0.06)× 10−3 Bq−1s−1 and χ2/NDF = 2.6/9.
Therefore, the count rate as inspecting result is enable to
corresponded to concentration of radioactivity in a sample.
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Fig. 5. Response Linearity on the logic of Eq. (4), Black dots and red solid
line represented data and fitted linear function, respectively. The inclination
of the linear function was estimated as (1.74± 0.06)× 10−3 Bq−1s−1 by
fitting at χ2/NDF = 2.6/9.

D. Detection Limit of 90Sr

Since the detector should inspect a sample with lower
concentration of 90Sr in environment radiation, it is neces-
sary to estimate the limit of detection even if the sample
has 137Cs and 40K. In this discussion, it is assumed the
radioactivity concentration of 137Cs and 40K in seawater
(seafood) sample are A′

Cs = 100 Bq kg−1 which was deter-
mined as the limit concentration by Japanese Government and
A′

K = 12.1 (150) Bq kg−1, respectively. To inspect surface
contamination, the sample volume should be compress drying
or heating; the compression factor for seawater (seafood) is
ε = 0.3 (0.01) because seawater and seafood have approxi-
mately 70% and 99% or more pure water, respectively. The
dried-sample weight (with a density of 1 g cm−3) is m = 30 g
because of the entrance window of 300 cm2 and making to
paste thickness of 1 mm . When the sample is set under the
window, the count rate per an hour (N ) is calculated by

N = (ηSrA
′
Sr + ηCsA

′
Cs + ηKA

′
K)mε−1T +NBG, (9)

where A′
Sr is radioactivity concentration of 90Sr, T is measur-

ing time of 3600 s. The background count rate (N ′
BG) when

the sample has no 90Sr is calculated by

N ′
BG = (ηCsA

′
Cs + ηKA

′
K)mε−1T +NBG. (10)

The detection limit of radio activity of 90Sr (Amin
Sr ) is calcu-

lated to be

Amin
Sr =

3
√
NBG + (ηCsA′

Cs + ηKA′
K)mε−1T

ηSrmε−1T
, (11)

from the maximum of ASr satisfied a condition in Kaise’s
theorem: N > N ′

BG + 3
√
N ′

BG. As the result, the detection
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limit was estimated to 1.93± 0.29 (stat)± 0.39 (sys) (sea-
water) and 57.3± 8.6 (stat)± 11.4 (sys) Bq kg−1 (seafood)
at the logic (4).

E. Comparison with the logics
As the multiplicity threshold (n) increased, the efficiency

was reduced and the efficiency ratio was raised in comparison
with the logics (3)-(5). The logic (5) was same as a logic for
detecting beta rays without threshold energy, which cannot
identify 90Sr. In comparison with the logics (4) and (6),
it was confirmed the veto counter contributed to suppress
event from cosmic rays. N (6)

BG −N (4)
BG = 2898.2± 46.3 cph

was corresponded to count rate from cosmic rays at a logic
of Trigger ∩ V ETO ∩AC(M ≥ 2), where an incident solid
angle of detected cosmic rays was allowed to be by 2π on a
center of the trigger counter.

F. Efficiency Uniformity by Source Position
The efficiency uniformity was measured setting the 90Sr

source at 35 points under the window with the area of
300 mm × 100 mm. As a result, about logic (3), the
uniformity shows in Fig.6. The efficiency of 90Sr tends to
peak the value at the center and to reduce to half value at
the edge, as a result, mean of the efficiency is calculated as
(1.68± 0.24)× 10−3 Bq−1s−1. Other efficiencies are listed
in TABLE II.
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Fig. 6. Efficiency Uniformity by Source Position. The source is set 35 points
(X and Y) placed in effective area 300 mm× 100 mm.

G. Discussion
According to the equation (11), the detection limit depends

on the efficiency of 90Sr, an effective area contributed the sam-
ple weight, background rate, and measuring time. Thus, from
the result of the TABLE ??, it was confirmed NBG was main
factor exacerbated the limit without suppression of cosmic-ray
event in comparison with the logic (4) and (6). To improve
the performance more, the effective area should be expected
because the limit is reduced almost inversely with squire root
of sample weight, e.g. a next-generation detector with the area

TABLE I
RESULTS OF THE BACKGROUND RATE, THE ABSOLUTE EFFICIENCIES AND
EFFICIENCY RATIOS ON THE RADIONUCLIDES, THE FITTED INCLINATION

AND χ2/NDF OF RESPONSE LINEARITY IN EACH LOGIC

Logic (3): Trigger ∩ V ETO ∩AC(M ≥ 1)
NBG 392.06± 25.28 cph

ηSr [4.58± 0.09(stat)± 0.94(sys)]× 10−3 Bq−1s
−1

ηCs [1.61± 0.06(stat)± 0.32(sys)]× 10−5 Bq−1s
−1

ηK [4.07± 1.38(stat)± 0.02(sys)]× 10−5 Bq−1s
−1

ηSr/ηCs 285
ηSr/ηK 113
The inclination (4.55± 0.06)× 10−3 Bq−1s−1

χ2/NDF 2.3/9
Amin

Sr (seawater) 1.23± 0.04 (stat)± 0.25 (sys) Bq kg−1

Amin
Sr (seafood) 36.1± 1.2 (stat)± 7.4 (sys) Bq kg−1

Logic (4): Trigger ∩ V ETO ∩AC(M ≥ 2)
NBG 125.06± 12.31 cph

ηSr [1.79± 0.04(stat)± 0.36(sys)]× 10−3 Bq−1s
−1

ηCs [1.32± 0.19(stat)± 0.26(sys)]× 10−6 Bq−1s
−1

ηK [5.77± 7.83(stat)± 0.02(sys)]× 10−6 Bq−1s
−1

ηSr/ηCs 1352
ηSr/ηK 310
The inclination (1.74± 0.06)× 10−3 Bq−1s−1

χ2/NDF 2.6/9
Amin

Sr (seawater) 1.75± 0.09 (stat)± 0.36 (sys) Bq kg−1

Amin
Sr (seafood) 52.2± 2.6 (stat)± 10.7 (sys) Bq kg−1

Logic (5): Trigger ∩ V ETO
NBG 28795.6± 131.0 cph

ηSr [2.47± 0.01(stat)± 0.51(sys)]× 10−1 Bq−1s
−1

ηCs [6.75± 0.01(stat)± 0.14(sys)]× 10−2 Bq−1s
−1

ηK [1.24± 0.01(stat)± 0.01(sys)]× 10−1 Bq−1s
−1

ηSr/ηCs 3.67
ηSr/ηK 2.00
The inclination (2.49± 0.01)× 10−1 Bq−1s−1

χ2/NDF 20/9
Amin

Sr (seawater) 0.39± 0.01 (stat)± 0.08 (sys) Bq kg−1

Amin
Sr (seafood) 6.56± 0.01 (stat)± 1.35 (sys) Bq kg−1

Logic (6): Trigger ∩AC(M ≥ 2)
NBG 2297± 50 cph

ηSr [1.80± 0.05(stat)± 0.37(sys)]× 10−3 Bq−1s
−1

ηCs [2.30± 0.49(stat)± 0.46(sys)]× 10−6 Bq−1s
−1

ηK [1.57± 2.58(stat)± 0.01(sys)]× 10−5 Bq−1s
−1

ηSr/ηCs 800
ηSr/ηK 114
The inclination (1.74± 0.04)× 10−3 Bq−1s−1

χ2/NDF 2.6/9
Amin

Sr (seawater) 7.42± 0.08 (stat)± 1.52 (sys) Bq kg−1

Amin
Sr (seafood) 223± 2 (stat)± 46 (sys) Bq kg−1

TABLE II
RESULT OF THE MEAN EFFICIENCY AT POSITION UNIFORMLY ON EACH

THE LOGIC

Logic equation Mean efficiency
Logic (3) (4.28± 0.58)× 10−3 Bq−1s−1

Logic (4) (1.68± 0.24)× 10−3 Bq−1s−1

Logic (5) (2.49± 0.90)× 10−1 Bq−1s−1

Logic (6) (1.69± 0.24)× 10−3 Bq−1s−1

extending to 1, 000 cm2 from 300 cm2 and same number
of PMTs would be estimated to 1.06 (31.3) Bq−1kg−1 for
seawater (seafood) sample.
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Q. 検出限界を評価するうえで、有効面
積をどう定義するか？
1) 端の感度は悪いが全面使用する。

2) 感度良い場所が有効面積である。

応答線形性

感度一様性

応答線形性が良いので計数頻度から試
料の放射能濃度が見積もれる

A. 検出限界を低くするためには1)が良
さそう。有効面積は100 mm x 300 mm

STUDY	OF	RTSC
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RTSCの今後の研究方針

RTSC-A	ver.	1.2	upgrade
- Shielding	 lead	blocks				<<<<<<<<<<<<	 Getting	 Lead	plates,	 1/18	@	KEK
- Low	background	test
- performance	 Estimation	 on	High-End
- if	NBG=1,	Asr

min(fish)=5.4Bq/kg	 is	expected.

Type	B	Development
- using	PS-PMT
- Prototype	Schedule	 (by	April)
Supported	 from	REPIC	(¥1.0M)

->	Detecting	 beta-ray	 from	
214Bi	 in	air
->	study	and	search	 for	cause	
of	Lung	Cancers

->	Measuring	 contamination	 concentration	 of	90Sr	 in	seafood
->	Go	to	Fukushima

Let’s	works	 together.

STUDY	OF	RTSC
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This	month	works

研究
RTSC-A
- 鉛遮蔽効果の検証実験
- 214Biβ線の感度と放射能測定
- 論文執筆

Lung	Cancer
- BGO	test	継続的に測定
- G4	シミュ:	214Bi	+	40K放射能推定

J-PARC	E36実験
- CsI(Tl)	波形解析コードデバッグ
- アルゴリズムupgrade
- Energy	calibration
- 論文執筆開始

雑務
- 医物報文集1/12〆切
- 1/13	KEK出張
- 1/18	KEK出張、鉛運搬
- 1/23	E号棟真鍮運搬


