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RTSC-A ver. 1.1 性能評価測定結果 
2017 年 1 ⽉ 8 ⽇ 

伊藤博⼠ 
 2016 年 10 ⽉に空気中ガンマ線雑⾳が発⾒されてから試料⽫の下に粘⼟を敷き雑⾳頻度
を論理信号𝑆𝐹𝑇 ⊗ 𝐴𝐶(𝑀 ≥ 2) 	⊗ 𝑉𝐸𝑇𝑂で平均 125 cph まで抑制した(ver. 1.1)。11 ⽉に装置
の上部と側部１⾯を鉛と真鍮で遮蔽することで平均 90 cph まで抑制できた(ver. 1.2)。鉛遮
蔽は有効と判断し翌年 1 ⽉に KEK から鉛を 200-300 kg 借りて程雑⾳実験を開始する予定
だ。RTSC-A ver. 1.1 において 2016 年 12 ⽉から翌年 1 ⽉にかけて線源を使⽤した性能評
価測定を⾏った。 
 
絶対感度 
 装置の電源を⼊れた直後 90Sr 線源を⼊れて測定すると、160K から 15-20 時間かけて次第
に 150-148K と減衰する振る舞いが観測された。試料挿⼊⼝を開けて空気を⼊れ替えただけ
ではこの現象は再現されず、電源を⼊れた直後にのみ再現された。これはトリガーにベータ
線が当たった時に同時にチェレンコフカウンターがアクシデンタルに鳴る事象が次第に現
象することを⽰し、電源を⼊れた直後にそれが多いということだ。対処療法だが使⽤上電源
を⼊れてから 15-20 時間は放置する必要がある。 
 バックグラウンド頻度はそれぞれの論理信号において392.1 ± 25.3, 125.1 ± 12.3, 28.8 ±
0.01 ×10:, (2.30 ± 0.05)×10;	cphが得られた。この誤差は 20 回施⼯した時の不確定を⽰す。 
絶対感度は式 

で表せ、放射能 22.9 kBq の 90Sr 線源を試料⽫中⼼に置いた時、論理信号 2 における絶対感
度は	 1.79 ± 0.01	 stat ± 0.36	(sys) ×10E;	Bq-I	s-Iと計算された。同様に 137Cs と 40K の感度
は そ れ ぞ れ 、 1.33 ± 0.19	 stat ± 0.26	(sys) ×10EJ , 5.77 ± 7.83	 stat ± 0.23	(sys) ×
10EK	Bq-I	s-Iが得られた。感度⽐𝜂(𝑆𝑟/𝐶𝑠)と𝜂(𝑆𝑟/𝐾)はそれぞれ 1352 と 310 である。他の論
理信号における結果は付録の表にまとめている。したがって、この装置は試料中に 137Cs や
40K が存在しても 90Y からのベータ線は⼗分識別することができる。 
 
放射能線形性 
 90Sr 線源の放射能とカウント頻度の関係を図に⽰す。線源は平均 23.6 kBq の放射能を持
ち、最⼤ 10 個試料⽫の中央に設置した。測定時間はそれぞれ 10 分間である。この関係は
良い線形性で、直線で傾き 1.74 ± 0.04 ×10E;	Bq-I	s-I, χS/NDF=2.6/9 でよくフィットされ
た。この装置は 300 kBq の放射能まで計測頻度が飽和せず、計測頻度から試料の放射能濃
度が測定できることが⽰せた。 
 
検出限界 

 この装置の検出限界AUVWXYは 

で与えられる。ここで、試料の質量 m は⼊射窓のサイズから 30 g と仮定される。ε は試料
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a response linearity and estimated as a detection limit for 90Sr
using the radiation sources.

A. Radioactivity of Sources
The radioactivity of the sources of 90Sr or 137Cs is esti-

mated 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 calibra-
tion, and τ presents each physical half-life. The activity of
ten 90Sr sources and a 137Cs source was 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. [16]. 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, it was described about logic operation
(4) mainly, and the other results were listed in Table I. The
90Sr source setting on a center of under the detector, the count
rate was observed 152617±2747 cph corresponded to the effi-
ciency of [1.85± 0.03(stat)± 0.38(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. The other source setting
same as the 90Sr source, the efficiency of 137Cs and 40K
were evaluated as [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, which
indicated the detector could identify substantially the beta rays
from 90Y in other radiation.

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.

C. 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 limit was estimated

to 1.93± 0.29 (stat)± 0.39 (sys) (seawater) and
57.3± 8.6 (stat)± 11.4 (sys) Bq kg−1 (seafood) at the
logic (4), where the other results list in TABLE I.

D. 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.5. 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.

E. Response Linearity
The 90Sr sources setting on the center under the win-

dow, a relation between the radioactivity and count rate was
measured as response linearity for 90Sr. The result of logic
(4) shows in Fig. 6. The relation has good linearity with
the fitted inclination of (1.96± 0.04)× 10−3 Bq−1s−1 and
χ2/NDF = 0.673/11. Therefore, the count rate as inspecting
result is enable to corresponded to concentration of radioac-
tivity in a sample. The other results list in TABLE III.
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Fig. 6. Response Linearity for the logic (5), 90Sr sources setting on center
under the window. The inclination of a linear function was estimated as
(1.96± 0.04)× 10−3 Bq−1s−1 by fitting at χ2/NDF = 0.673/11.

E. 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, (10)

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. (11)

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
, (12)

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

BG + 3
√
N ′

BG.
As the result, the detection limit was estimated

to 1.93± 0.29 (stat)± 0.39 (sys) (seawater) and
57.3± 8.6 (stat)± 11.4 (sys) Bq kg−1 (seafood) at the
logic (5), where the other results list in TABLE IV.

According to the equation (12), 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 IV, it was confirmed NBG was main

factor exacerbated the limit without suppression of cosmic-ray
event in comparison with the logic (5) and (7). 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
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.

TABLE IV
RESULT OF DETECTION LIMIT FOR 90Sr

Logic (4)
Amin

Sr (seawater) 1.44± 0.20 (stat)± 0.29 (sys) Bq kg−1

Amin
Sr (seafood) 41.7± 5.7 (stat)± 8.3 (sys) Bq kg−1

Logic (5)
Amin

Sr (seawater) 1.93± 0.29 (stat)± 0.39 (sys) Bq kg−1

Amin
Sr (seafood) 57.3± 8.6 (stat)± 11.4 (sys) Bq kg−1

Logic (6)
Amin

Sr (seawater) 0.38± 0.14 (stat)± 0.08 (sys) Bq kg−1

Amin
Sr (seafood) 6.18± 2.23 (stat)± 1.23 (sys) Bq kg−1

Logic (7)
Amin

Sr (seawater) 9.06± 1.29 (stat)± 1.80 (sys) Bq kg−1

Amin
Sr (seafood) 271± 39 (stat)± 54 (sys) Bq kg−1

IV. CONCLUSION

A new detector, real-time 90Sr counter, was developed
based on a threshold type Cherenkov detector, which is
higher sensitivity to beta rays from 90Y and less sensitivity
to other radiation such as 137Cs, 40K, and cosmic rays.
Therefore, the detector can be measured radioactivity of 90Sr
in environmental radiation background. The sample make to
paste compressed volume without chemical extraction. In this
study, the detector could identify 90Sr and 40K by upgrading
the veto counter for suppression of cosmic-ray muons event.
The BRoaD unit generated four logic operations to count
in same time, the results were described about one of the
logic and listed about the other logics in above TABLEs.
As the results on the logic (5), the absolute efficiency of
90Sr, 137Cs, and 40K as the performance of detector was
evaluated to [2.01± 0.07(stat) ± 0.40(sys)]× 10−3, [1.87±
0.23(stat) ± 0.014(sys)] × 10−6, and [1.75 ± 0.98(stat) ±
0.01(sys)]×10−5 Bq−1 s−1 using the sources, respectively.
The efficiency uniformity depending on source position was
measured as peak at the center of the detector and half of the
maximum value at edge of the detector, the mean efficiency
is estimated as (1.68 ± 0.24) × 10−3 Bq−1s−1. The relation
between the radioactivity and count rate was observed as
response linearity, which is fitted a good linear function.
Therefore, the count rate by the detector is corresponded to
radioactivity concentration contamination in sample. Detection
limit was estimated to be 1.93± 0.29 (stat)± 0.39 (sys) (sea-
water) and 57.3± 8.6 (stat)± 11.4 (sys) Bq kg−1 (seafood).

APPENDIX

Table V lists following properties of nuclides to under-
stand this study in more detail: a physical half-life (τphys),
a maximum kinetic energy of beta ray (Kmax), an energy
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の圧縮率、T は測定時間 3600 s を⽰す。この式は試料に⾷品汚染基準の濃度の 137Cs と⾃

然の 40K が含まれた試料において 90Sr の放射能濃度を測定できる限界を⽰している。海⽔

と⿂の場合の検出限界はそれぞれ、 

𝐴UVWXY water = 1.75 ± 0.09	Bq/kg  

𝐴UVWXY fish 				= 52.2 ± 2.6	Bq/kg  

と計算された。1 時間の測定で海⽔(海産物)試料に 1.75 (52.2) Bq/kg の 90Sr が含まれてい

るかどうか判断することができることを⽰す。 

 

位置⼀様性測定 
 この装置の有効⾯積(effective area)は、シンチファイバーを⽤いたトリガー⼊射窓とエア
ロゲルのサイズから有効⾯積が決定されて果たして正しいのだろうか。なぜなら線源から
放射されるベータ線は等⽅的に放射されるため装置中⼼に⽐べて端では有限のサイズを持
つ⼊射窓に⼊る粒⼦の数が少なる、つまり必然的に端では感度が悪化するからである。検出
限界は有効⾯積に⼤きく依存しているため、この議論は慎重に取り扱う必要がある。 
 有効⾯積を決定するための⽅針は２つ考えられる。⼀つは全ての領域の感度を測り、これ
らを平均して有効⾯積は300	mm	×	100	mmにおける感度とする考え⽅、もう⼀つは⾼い感
度が保たれている領域を有効⾯積とする考え⽅だ。前者は装置の感度は悪化することにな
るがサンプルの質量は⼗分確保できる。サンプルには均等に 90Sr 含まれていると仮定する
なら、感度が悪い領域に対しても平均化されて放射能濃度測定として正しく評価できる。後
者はサンプルの量は減るが⾼い感度を持つ。どちらのアプローチが検出限界を減らして向
上するのか議論していく。 

Radioactivity (kBq)
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 測定⽅法：90Sr 線源の設置位置を変えて 10 分間計測した。線源は直径 25 mm のプラス
チックケースの中に直径 10 mm の幅で格納されている。⼊射窓を 20 mm 四⽅のセグメン
トに分割して、それぞれの中⼼に線源を設置した。合計 75 点計測した。図 1 に絶対感度に
おける位置⼀様性の結果を⽰す。論理信号は𝑆𝐹𝑇 ⊗ 𝐴𝐶(𝑀 ≥ 2) 	⊗ 𝑉𝐸𝑇𝑂で、縦軸は装置に
線源を置いた時の試料⽫奥⾏き⽅向、横軸が同じく試料⽫横⽅向を⽰す。全領域の感度の平
均は 1.11 ± 0.53 ×10E;	BqEI	sEIであった。したがって有効⾯積300	mm	×	100	mmとするな
らば、検出限界の式から海⽔と⿂の場合それぞれ、 

𝐴UVWXY water = 2.74 ± 1.27	Bq/kg  

𝐴UVWXY fish 				= 81.8 ± 38.0	Bq/kg  

と計算された。 
 そ れ に 対 し て 図 2 の 破 線 枠 内 は 感 度 が ⾼ い 領 域 を ⽰ し 、 平 均 値 は 1.75 ± 0.38 ×
10E;	BqEI	sEIである。この領域は奥⾏き 40 mm、幅 200 mm なので、有効⾯積は⼊射窓の
26%である。したがって、検出限界は 

𝐴UVWXY water = 6.83 ± 0.15	Bq/kg  

𝐴UVWXY fish 				= 204 ± 4	Bq/kg  

と計算された。これらを⽐較すると、⾼い感度で局所的に測定するよりも感度は低いが⼊射
窓全域を使⽤して測定する⽅が検出限界は低くて性能が良い。したがって、この装置は
300	mm	×	100	mmの有効⾯積と、 1.11 ± 0.53 ×10E;	BqEI	sEIの 90Sr の絶対感度を持ち、検
出限界は海⽔の場合 2.74 Bq/kg、⿂の場合 81.8 Bq/kg であると推定された。 
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考察・まとめ 
 装置の最終的な 90Sr の感度は感度⾯積の平均で 1.11 ± 0.53 ×10E;	BqEI	sEIが得られた。
この時の検出限界は、海⽔の場合 2.74 Bq/kg、⿂の場合 81.8 Bq/kg であると推定された。
検出限界は未だにバックグラウンド頻度の影響が⼤きい。装置外部に鉛遮蔽をしてバック
グラウンド頻度が 1 cph になった場合、検出限界は 5.4 Bq/kg (⿂)と 0.28 Bq/kg (海⽔)が
期待される。また検出限界は⾯積の 1/2 乗に反⽐例するため、300 cm2 から 1000 cm2 に拡
張すると 3.0 Bq/kg(⿂)と 0.15 Bq/kg(海⽔)に性能向上できる。 
 
今後の仕事 
 有効⾯積拡張は必要だが、その前に鉛遮蔽によって BG がどこまで抑制されるか検証す
る必要がある。この結果が出てからでないと 5 Bq/kg が 3 Bq/kg になるだけである。1 ⽉
18 ⽇に KEK から鉛を約 500 kg 借りる約束を結ぶことができた。J-PARC E36 実験で使⽤
された Gap Veto カウンター(鉛とプラスチックシンチレータのサイドウィッチカロリメー
タ)の鉛1000	mm	×	200	mm	×	4.8	mmが 48 枚である。ハイエースの積載容量が 700 kg とか
だったので多分運べるだろう。1 ⽉ 13 ⽇に責任者である今⾥さんに挨拶と鉛置き場の下⾒
に⾏ってくる。 
 
付録 

========================= 
BG rate 
========================= 
0 392.062 25.2846 
1 125.062 12.3109 
2 28795.6 131.007 
3 2297 49.5669 
 
========================= 
absolute efficiency 
========================= 
mode0------------ 
Sr 0.00458288 8.73751e-06 0.000940591  Bq^-1 s^-1 
Cs 1.60528e-05 6.44386e-07 3.21055e-06  Bq^-1 s^-1 
K  4.06836e-05 1.37735e-05 1.63388e-07  Bq^-1 s^-1 
mode1------------ 
Sr 0.00178821 4.47987e-06 0.000367012  Bq^-1 s^-1 
Cs 1.32241e-06 1.94894e-07 2.64482e-07  Bq^-1 s^-1 
K  5.76961e-06 7.82501e-06 2.31711e-08  Bq^-1 s^-1 
mode2------------ 
Sr 0.247345 0.00011168 0.0507651  Bq^-1 s^-1 
Cs 0.0675487 3.12124e-05 0.0135097  Bq^-1 s^-1 
K  0.123874 0.000392704 0.000497488  Bq^-1 s^-1 
mode3------------ 
Sr 0.00179524 4.66812e-06 0.000368455  Bq^-1 s^-1 
Cs 2.30299e-06 4.91184e-07 4.60598e-07  Bq^-1 s^-1 
K  1.57052e-05 2.57894e-05 6.3073e-08  Bq^-1 s^-1 
 
 
 

========================= 
efficiency ratio 
========================= 
mode0------------ 
Sr/Cs 285.489 58.5414 181.738 
Sr/K  112.647 65.7282 51.5298 
mode1------------ 
Sr/Cs 1352.23 523.514 860.811 
Sr/K  309.936 361.278 141.779 
mode2------------ 
Sr/Cs 3.66173 0.110678 2.331 
Sr/K  1.99674 0.120165 0.913398 
mode3------------ 
Sr/Cs 779.524 362.19 496.233 
Sr/K  114.309 146.596 52.2899 
============================ 
Limit of detection(検出限界) 
============================ 
mode0------------ 
(fish) 36.1318 1.15945 7.41569 Bq/kg 
(water) 1.23434 0.0377964 0.253336 Bq/kg 
mode1------------ 
(fish) 52.19 2.56623 10.7115 Bq/kg 
(water) 1.75226 0.0851709 0.359635 Bq/kg 
mode2------------ 
(fish) 6.56041 0.011857 1.34646 Bq/kg 
(water) 0.385672 0.00028853 0.0791554 Bq/kg 
mode3------------ 
(fish) 222.518 2.46957 45.6697 Bq/kg 
(water) 7.42309 0.0824102 1.52352 Bq/kg 

 


