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WORKING IN SEPTEMBER

• リアルタイムストロンチウム90カウンター(RTSC-A)

• 9/6-11: ⽇本医学物理学会@沖縄、「リアルタイム90Srカウンターの低雑⾳化」
• 9/28-30: 計量計測展@東京ビックサイト、「リアルタイム90Srカウンター 」
• BG問題 ... 宇宙線雑⾳以外の事象が含まれている？(214Bi問題)

• G4 CG model作成
• 13th IEEE TOWERS: workshop submit (submit deadline 10/7)

• E36 CsI(Tl) Caolimeter

• 9/21-25: ⽇本物理学会@宮崎、「J-PARC E36実験⽤CsI(Tl)カロリメータの較正測定」
• シンチレーション光発⽣に成功
• シンチ光カウントsystemの構築
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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 +	300 mm

>	Total	800	fibers

Mean	num.	of	p.e. expected	19	p.e. Mean	num.	of	p.e. expected	17	p.e. Mean	num.	of	p.e. expected	19	p.e.
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Position X in Scintillator plate 2 (mm)
0 50 100 150 200 250 300 350

M
ea

n 
nu

m
be

r o
f p

.e
.

40

45

50

55

60

65

70
Block 2-1
Block 2-2

ī )%�%J:S Ŀœg ( ÚŧƉ�đĩ��

ī )%�%J:S Ŀœg ( ÚŧƉ�đĩ��

ī )%�%J:S Ŀœg ( ÚŧƉ�đĩ��

!#"4�31� 4SV4NH� !G[� #JV:� 
� .SU� :MJ� �J=� %J:S� 4SXR:JU�
)
(- Ű 
0 Þ (, ŭ�

¦ŨŸą�

� ��

�%� òĀ�

� ĺ¾gÊĻáÑbhTgĶÛb (0�T%J%ŪrutcƦľru]l?Ýº ,
�T%J%kdÇŃru]]òiru
tƩ®xË`kfpaÏƸtqh]�

�(� =�# l !0//
A�)(
 kr 8((0
��)

 fƐîru]TcfqtƲĆëƮgªgBƐît] =�# h
ƥëƢĳlŉmne_]l?êţƢgļþhƐw_ageg]oƲĆëƮl ) ŷpƐ¶vtchòi
rueg]�

�)� �y{�Cf°ŖĸlřÜt]ĉġbhêƲlŀ¸vtkB�¡�� ( bh¹Ŵĭlftl?) c 

f`gapcŷŀ¸tagtTchķơbmeg]�

�
� êÃ��£�BÊĻáÑbhêÃ���xŤ_]lÍƗldgŝŦÈmuag]k?űĭhftpg
gęƴb���gŲŎhžoeg][g]oÊĻáÑbhśnâĳp_ag]gbheg^vhk]
[gšêÃ��£�bÍƗhbmt^oĝrnĵŔruåŜruagtTckr?ûlıu]còi
tcķơbm[h]�

,%� mco�

� ƛŃŜh��C~|£�Cxz��� C�ta !#"4�3 gĭŴxìĢvtTclƣŞbft][g]
og��C~|£�CgàĚëƮxƅ·t]]ÊĻáÑgƦľŒxcŷ¥ĢôgêţĆĬxÀŪtƣƃx
ōĮt]]TuhŊ (() ¾ŭƛ«ÃƌƬÃ½Ãěŉ½bŹƄƔ÷t]]ùçgăĉhTg��C~|£�
Cx !#"4�3 f{£��C�taĭŴìĢt]kƅ·vtTc^]0 Þ ). ŭfāÃÅöũÎě�C�é
Ư½bgşč?ũÞ )/a

 ŭg 9�#6!�63"A!6)
(- gşč?(
 Þ )0 ŭa(( Þ - ŭg 9666��"" �94
gŹƄg]of?!#"4�3 gÄĮxĪot]�

Position X in Scintillator plate 3 (mm)
0 20 40 60 80 100 120 140 160 180 200

M
ea

n 
nu

m
be

r o
f p

.e
.

40

45

50

55

60

65

70

ī )%�%J:S Ŀœg ( ÚŧƉ�đĩ��

① ② ③ ④ ⑤

① ② ③ ④ ⑤

① ② ③ ④ ⑤
① ② ③ ④ ⑤
① ② ③ ④ ⑤①

②
③

Block1

Block2-1

Block2-1

Bl
oc

k3



INTERMEASURE2016 @東京ビックサイト
2016.09.28-30



BG問題 ... 宇宙線雑⾳以外の事象が含まれている？
(214Bi問題)

𝑁" = SFT	⨂AC	⨂veto
𝑁"/𝑁 = 0.15
veto eff. 〜99.9% (>40 p.e.)
ウラン崩壊系列：
222Rn → 218Po → 214Pb → 214Bi→ 214Po

3.8d         3m       26m       20m 
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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

REPIC ŭŗŦŠ
ƂŻŰƉũ
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�Èü�
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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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3. Results and Method for Identifying 90Sr

Radioactivity of sources was estimated as,

A(t) = A0exp−t/τln2, (2)

where A0 is defined as 37 kBq (±20% (sys)) by the Japan Radioisotope Association, t is the years
passed after they were calibrated, τ is physical half life-time. The 90Sr activity (AS r) and 137Cs activity
(ACs) were calculated as 23.8 ± 1.0 (stat) ± 4.7 (sys) kBq and 26.0 ± 1.0 (stat) ± 5.2 (sys) kBq,
respectively.

As 40K source, pure potassium chloride (KCl) was adopted. KCl has stable mass and activity of
16.6 Bq/g by 40K. The KCl having pureness of over 99.5% was made by Hayashi Pure Chemical
Ind. Ltd. [14]. Its activity was calibrated by using the 90Sr source; the linearity of 15.5 ± 2.3 (stat) ±
0.8 (sys) Bq/g was obtained in a mass of ranging from 1 to 4 g. The KCl source with a mass of 4 g
(62 ± 9 Bq) was used in the test.

The number of counts of background (NBG) was obtained 190 ± 14 for an hour at 10 times. Each
source was set under the center of the detector. NS r, NCs and NK were obtained 191752 ± 1691,
309±16 and 191±31, respectively. Nx is number of counts for an hour by using each source x, where
x is 90Sr,137 Cs, or40K. Their errors were estimated as standard errors.

An absolute detection efficiency is defined as the ratio of count rate and an activity of a sample
in the counter. The efficiency of the radionuclides (η) is given as

ηS r ≡
NS r − NBG

AS rT
, (3)

where NS r is the number of counts on the 90Sr source, NBG is the number of counts of background,
AS r is the activity of 90Sr source and T is 3600 seconds. Each efficiency are shown in Table I.

Table I. The absolute efficiencies

parameter value/ Bq−1s−1

ηS r (2.24 ± 0.02 (stat)+0.56
−0.38 (sys)) × 10−3

ηCs (1.27 ± 0.23 (stat)+0.32
−0.22 (sys)) × 10−6

ηK < 1.6 × 10−4

4. Discussion

The inspected sample should be basically heated, compressed to a thickness of 1 mm. The de-
tector has an effective area of 300 cm2. The maximum mass of the heated sample with 1 g/cm3 can
be measured is 30 g. The seafood and seawater have water of approximately 70% and 99% or more,
respectively; The compressibility are assumed as 0.3 (seafood) and 0.01 (seawater). For example, the
sample has 137Cs of 100 Bq/kg, which the amount defined by Japanese Government. In nature, the
seafood and the seawater have 40K of approximately 150 Bq/kg and 12.1 Bq/kg, respectively. In this
section, the detection limit of 90Sr activity is discussed.

The activity of 90Sr, 137Cs, and 90K including the sample with unit mass are defined as A′S r,
A′Cs, and A′K , respectively, where A′Cs is 100 Bq/kg and A′K is 150 Bq/kg (seafood) or 12.1 Bq/kg
(seawater). When the sample is set in the detector, the count number is given as by:

N =
(
ηS rA′S r + ηCsA′Cs + ηK A′K

)
mε−1T + NBG, (4)

5

�LÇ�ŁÊ�uRÏĮŎØÌg]ηŅ
�ń
^ŀá�ĶŉĶĻĥ

where m denotes the sample mass of 30 g, ε is compressibility of 0.3 (seafood) or 0.01 (seawater), T
is inspection time of 3600 seconds. The count number of background is given as by:

N′BG =
(
ηCsA′Cs + ηK A′K

)
mε−1T + NBG. (5)

The detection limit of the activity of 90Sr (Amin
S r ) is derived by:

Amin
S r =

3
√

NBG + (ηCsA′Cs + ηK A′K)mε−1T

ηS rmε−1T
, (6)

where its condition is based on the Kaiser theorem, k=3, and N > N′BG + 3
√

N′BG. As the result, the
detection limit is estimated 53 Bq/kg (seafood) and 1.8 Bq/kg (seawater).

Therefore, the detector can determine whether there is 90Sr over 1.8 Bq/kg in seawater, and
the performance is almost enough for inspection of seawater. But it is not enough for inspection of
seafood. It is clear that the detection limit depends on the mass of the sample from the equation (6);
extending effective area improves the performance. Further, the veto counter was set over the AC;
it was found that the veto counter could not suppress muons come from side faces. Scintillator bars
adding to side faces, the performance would be improved.

5. Conclusion

We reported the progress on development of the detector based on Cherenkov radiation. The
prototype detector has an effective area of 300 mm × 100 mm, and has the sensitivity to 90Sr and
insensitivity to 40K, 137Cs, and cosmic muons. The detector would be applied for measuring radioac-
tivity of 90Sr and would help the recovery of fisheries in Fukushima.

It was found that the efficiency of 40K is less than 1.6 × 10−4 Bq−1s−1 in the test because the
background rate was large. In future, we plan to fabricate the next detector with an effective area of
10, 000 mm2 or adding veto counters to the side faces for suppression of cosmic muons.
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Fig. 2. The sketch of the structure of the real-time 90Sr counter comprising the trigger counter (trigger)
using scintillating fibers, the aerogel Cherenkov counter (AC) with wavelength-shifting fibers (WLSFs), and
the veto counter (veto) for suppression of cosmic rays. The magenta, blue, and black arrows represent the
charged particle, gamma ray and knocked-out electron, respectively. The yellow cone shape and spreading
shape denote Cherenkov radiation and scintillation emission, respectively.

where NSr is the number of counts on the 90Sr source, NBG is background counts, ASr is the activity
of the 90Sr source, and T = 3600 s. Table I shows the efficiencies for 90Sr, 137Cs and 40K.

Table I. Absolute efficiencies.

Parameter Value (Bq−1s−1)
ηSr [2.24 ± 0.01 (stat) ± 0.44 (sys)] × 10−3

ηCs [1.27 ± 0.08 (stat) ± 0.25 (sys)] × 10−6

ηK [5.05 ± 2.40 (stat) ± 0.15 (sys)] × 10−5

4. Discussion

The sample under inspection should basically be heated and compressed to a thickness of 1 mm.
The detector has an effective area of 300 cm2. For a sample density of 1 g/cm3, 30 g is the maximum
mass of heated sample that can be measured. Seafood and seawater are approximately 70% and 99%
or more pure water, respectively, and the compressibility is 0.3 for seafood and 0.01 for seawater.
As per the Japanese Government, the sample should have an activity of 100 Bq/kg due to 137Cs. In
nature, seafood and the seawater have an activity due to 40K of approximately 150 and 12.1 Bq/kg,
respectively. In this section, we discuss the detection limit of 90Sr activity.

The activity of 90Sr, 137Cs, and 90K in a unit-mass sample are labeled A′Sr, A′Cs, and A′K, respec-
tively. We assume A′Cs = 100 Bq/kg and A′K = 150 (12.1) Bq/kg for seafood (seawater). When the
sample is placed in the detector, the count is given by

N =
(
ηSrA′Sr + ηCsA′Cs + ηKA′K

)
mε−1T + NBG, (3)
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2016/09/22 H.	ITO,	ENERGY	CALIBRATION	FOR	CSI(TL)	CALORIMETERS	FOR	E36	EXP. 12
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Geant 4.10.02	simulation

E36	CsI Crystal
Trapezoid:	(30x30),	(60x60),	h=250	mm
Doped	Tl	is	negligible.

." → )"*+*/

30	mm

30	mm

60	mm

60	mm

250	mm

." → )" + *+ + */

.å → )å + *+ç + */

.å + é
K → é − 1

K + */
.å + é

K → é − 1
K− è + èê + */

.å + é
K → é − 1− l

K− è −l + èê +lë + */

." deposited	 in	CsI

.å decayed	at	the	center	of		E36	CsI

." decayed	at	the	center	of	E36	CsI

.å deposited	 in	CsI
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2016/09/22 H.	ITO,	ENERGY	CALIBRATION	FOR	CSI(TL)	CALORIMETERS	FOR	E36	EXP. 13
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_(.å):	.å decayed	in	E36	CsI

_(."):	." decayed	in	E36	CsI

iA�3#	k�J�5

Fitting:	_(.")

Fitting:	è_(.") + _(.å)
è = 1.1: ."/.å�pN

Detection
Threshold
20	MeV
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E36 CsI(Tl) Caolimeter
シンチレーション光発⽣に成功
シンチ光カウントsystemの構築

Work Dir: example/optical/wls/
<Scintillating System>
source: src/WLSMaterials.cc
L416: fPolystyrene->GetIonisation()->SetBirksConstant(0.126*mm/MeV);

<Optical photon detection>
L60: fPhotonCounter++; ... keep optical photon
Adding ’G4cout<<fPhotonCounter<<G4endl;’ after L60 



CsI内mu崩壊MC: 発光量
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