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事務報告

• E36 Calib programが堀江さんから最新版がリリースされたの
で、共有すること(あつこば、木村)

• Calibを本格的に始動する

• ストロンチウム90カウンターType Cはビックサイトには間に合
わない

• ストロンチウム90カウンターType Aのサンプル測定開始

• 8/23-25神戸大に面接：内定採用決定
• ストロンチウム90カウンター装置販売、90Sr検査の２大柱で研
究室の委託研究を立ち上げる。サンプル測定は学生アルバイ
ト？卒業後のホームページ運営代行、技術支援者(Technical
advisor)として河合さんと交渉予定。

• ちなみに、何もなければ卒業後coffee break onlyアカウント、
wikiを閉鎖する予定
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ストロンチウム90カウンター Type	A
サンプル測定

8/9	遮蔽材の運搬
8/22	実験場1	の撤去

Type	A	遮蔽
8/23-27	線源+BG測定
8/28-29	土壌サンプル測定開始
8/30	一旦中断->Type	A	外装手入れ

ソフトウェアの改良と実装
8/31-9/1	東京ビックサイトで展示会

30	g

Kodama	works
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ストロンチウム90カウンター Type	A
サンプル測定
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Sample	(1-mm	thick)

90Sr(90Y) 137Cs,	40K Cosmic-ray		μ

Silica	aerogel
(n=1.041) Scintillating	fibers	

(φ0.2	mm)

Wavelength-shifting	
fibers	(φ0.2	mm)

Aluminum	 plate

βrays βrays γrays

Ë¿ÔÓ�^8

1.	90Sr	Counter	ã§®³

3	cm

１時間カウント頻度
c1:	Trig.	x	AC(1)	x	veto
c2:	Trig.	x	AC(2)	x	veto
c3:	Trig.		 x	veto
c4:	Trig.	x	AC(2)	

=========================
BG rate
=========================
0 103.444 10.4681
1 33.1667 5.17741
2 3325.78 64.9877
3 2028.67 67.4117

=========================
SR90 Count
=========================
0 337128 488.536
1 128322 309.34
2 1.86341e+07 7875.51
3 130697 313.388

=========================
Cs 137 Count
=========================
0 1200.35 42.3696
1 121.435 8.50486
2 5.89412e+06 2177.37
3 2102.57 39.329

=========================
K 40 Count
=========================
0 156.304 11.76
1 38.4783 5.24089
2 204957 438.811
3 2020.39 33.2262
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c2/c3=6.88588e-3
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c2/c3=2.63432e-5
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ストロンチウム90カウンター Type	A
サンプル測定

カウント頻度からサンプルの90Sr濃度推定方法
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1.	90Sr	Counter	ã§®³
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5.3. SIGNAL MODEL
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Fig. 5.3: Distribution of counting rates in the signal model for 137Cs and 40K, and
the comparison with the data.
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Fig. 5.4: α and k depending on ν for the 90Sr.
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789(;) ≪ >?@(;) =>	7?@(;) ≈ >?@(;)

5.2. COUNTING RATE

5.2 Counting rate

One hour counting rate measurement was repeated dozens of times, a
histogram of one-hour count was produced. The background rate without a
source, and the counting rates for the source of 90Sr, 137Cs and 40K are shown
in Fig. 5.1, as black, blue, red, and green histogram, respectively. The sources
were set under the center of the detector for the one-hour measurement.
The background rate without sources was NBG = (35.2 ± 6.0) h−1 by the
Gaussian fitting of the peak with χ2/NDF = 4.73/11, where NDF is the
number of degrees of freedom. Typically, this distribution of background is
considered as a Poisson distribution, P (n, ν) = e−ννn/n!, where n is counting
rate and ν is mean counting rate. Since n is large, the distribution P (n, ν) is
approximated by a Gaussian distribution. Because the statistical variation
can be changed by the fluctuation effect of the detector, the distribution was
analysed considering the deviation from the Poisson function. The deviation
factor α was given as the ratio of the standard deviation σ to square root of
the mean ν (α = σ/

√
ν), thus giving αBG = 1.01± 0.02.

The counting rate for 90Sr was NSr = (1.45 ± 0.01) × 105 h−1 by the
Gaussian fitting with χ2/NDF = 12.1/18 and αSr = 2.80 ± 0.22, where the
contribution from the background was negligible.

The counting rates for 137Cs and 40K were NCs = (159 ± 8) h−1 and
NK = (45.1 ± 6.9) h−1, respectively. The contribution from the background
cannot be negligible in the calculation of α for these sources, therefore, it
was necessary to to subtract the background contribution.
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Fig. 5.1: The background rates and count rate of 137Cs and 40K (left) and 90Sr
(right).
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5.3. SIGNAL MODEL

5.3 Signal model

The “signal model” originated from each source was developed based on
experimental data. The background peak form is consistent with the Poisson
distribution as indicated by small χ2/NDF. The background was treated to
as a Gaussian distribution ΓBG(n) to simplify the model

ΓBG(n) =
1√

2πσ2
BG

exp

{
−(n − νBG)2

2σ2
BG

}
, (5.1)

where n is the number of counting rate, νBG = 35.1 h−1, and σBG = 6.0 h−1.
The counting rate distribution for the source x represents as a convolute
integration with the background rate of

Γx (n) =

∫
dñ φx (̃n) · ΓBG(̃n − n), (5.2)

where x = 90Sr, 137Cs, and 40K.
I developed the signal model for the reconstruction of the distribution

φx(n), which is given as

φx(n) =
e−ν/α2

(ν/α2)n/α
2

Γ (n/α2 + 1 )
, (5.3)

where ν is the mean number of counting rate, α is the deviation factor which
was obtained by fitting data, and Γ (n) is the Gamma function. This model
performs the transformation ν → ν/α2 and n → n/α2 in the Poisson function
P (n, ν).

The χ2 dependence on the free parameter α is shown in Fig. 5.2, where
χ2 =

∑
i{yi − φ(ni,α)}2/σ2

i . The black dots are the χ2(α) and the red line
is a quadratic fitting function which can interpolate the dots. The best fit
αs were determined to be αCs = 0.532 ± 0.044 with νCs = 124.1 ± 0.2 and
αK = 1.067 ± 0.106 with νK = 9.7 ± 0.2 as the minimum of this quadratic
curve (listed in Table 5.1).

As the results of the fitting, the distribution functions φx(n), Γx (n), and
ΓBG(n) were determined as plotted in Fig. 5.3 together with the data. The
filled red and blue areas are, respectively, the deduced signal functions φCs(n)
and φK(n). The doted black area and the red line are background rate of
the data and simulated ΓBG(n), respectively. The hatched red area and ma-
genta line are the counting rate distribution for 137Cs and simulated ΓCs(n),
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B?@ = D?@/F?@

B?@ = 6.23 ± 0.13	Bq3K	h3KL?@ = 2.50 ± 0.50

5.4. CORRECTION OF THE POSITION DEPENDENCE

Table 5.1: The best fit parameter in the signal model

Source α k (Bq−1 h−1)
90Sr 2.50± 0.50 6.23± 0.13
137Cs 0.532± 0.044 (4.77± 0.09)× 10−3

40K 1.067± 0.106 (1.95± 0.04)× 10−2

5.4 Correction of the position dependence

The effective area of the detector is 300 × 100 mm2. The detector has
a response depending on the source position. Because β rays from the 90Sr
source are emitted isotopically, it is clear that the yield is less at the edge
than at the center. The relation of the source position and kSr is shown in
Fig. 5.5. The left is the two-dimensional color-histogram for position X and
Y . The right shows kSr as a function of X. The black, red, green, blue,
and yellow bars are for Y = 10, 30, 50, 70, and 90 mm, respectively. The
coefficient was corrected to be k̃Sr = (4.11±1.91) Bq−1 h−1 taking an average
of these values.
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Fig. 5.5: Source position dependence of kSr.
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(N = Sr)

BG

Srであろう条件
c1/c3 > 1.5e-2
c2/c3 > 6.0e-3

カウントレート (c2) h-1

ASr =	ν÷ k	=10	Bq

4.11± 1.91

2017/8/24 442017/7/25 Real-time	strontium-90	counters	 51

5.3. SIGNAL MODEL
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Fig. 5.3: Distribution of counting rates in the signal model for 137Cs and 40K, and
the comparison with the data.
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Fig. 5.4: α and k depending on ν for the 90Sr.
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5. Performance	of	the	prototype	detector
5.3.	Signal	model	
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5.3. SIGNAL MODEL

5.3 Signal model

The “signal model” originated from each source was developed based on
experimental data. The background peak form is consistent with the Poisson
distribution as indicated by small χ2/NDF. The background was treated to
as a Gaussian distribution ΓBG(n) to simplify the model

ΓBG(n) =
1√

2πσ2
BG

exp

{
−(n − νBG)2

2σ2
BG

}
, (5.1)

where n is the number of counting rate, νBG = 35.1 h−1, and σBG = 6.0 h−1.
The counting rate distribution for the source x represents as a convolute
integration with the background rate of

Γx (n) =

∫
dñ φx (̃n) · ΓBG(̃n − n), (5.2)

where x = 90Sr, 137Cs, and 40K.
I developed the signal model for the reconstruction of the distribution

φx(n), which is given as

φx(n) =
e−ν/α2

(ν/α2)n/α
2

Γ (n/α2 + 1 )
, (5.3)

where ν is the mean number of counting rate, α is the deviation factor which
was obtained by fitting data, and Γ (n) is the Gamma function. This model
performs the transformation ν → ν/α2 and n → n/α2 in the Poisson function
P (n, ν).

The χ2 dependence on the free parameter α is shown in Fig. 5.2, where
χ2 =

∑
i{yi − φ(ni,α)}2/σ2

i . The black dots are the χ2(α) and the red line
is a quadratic fitting function which can interpolate the dots. The best fit
αs were determined to be αCs = 0.532 ± 0.044 with νCs = 124.1 ± 0.2 and
αK = 1.067 ± 0.106 with νK = 9.7 ± 0.2 as the minimum of this quadratic
curve (listed in Table 5.1).

As the results of the fitting, the distribution functions φx(n), Γx (n), and
ΓBG(n) were determined as plotted in Fig. 5.3 together with the data. The
filled red and blue areas are, respectively, the deduced signal functions φCs(n)
and φK(n). The doted black area and the red line are background rate of
the data and simulated ΓBG(n), respectively. The hatched red area and ma-
genta line are the counting rate distribution for 137Cs and simulated ΓCs(n),
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ê†° = 35.1	h="
Ω†° = 6.0	h="

137Cs40K

137Cs40K

êπ = 9.7 ±0.2
dπ = 1.07 ±0.11

êæà = 124.1± 0.2
dæà = 0.53 ± 0.04
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