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1. Introduction

* Fukushima Nuclear Accident, March, in 2011.
* 998r (1,/,=28.8 yr) and ¥’Cs (14 /,=30.2 yr) are focused in the recent study.
e Decay chain: ?°Sr » 0y - 907y,
o 90Y radioactivity is close to that of ?°Sr by radioactive equilibrium.
e Strontium is an alkali earth metal and tends to accumulated into the bone.
 Measurement of 10-Bqg/kg °Sr is required rapidly.

Dose coefficient by ICRP publ.

3500%— 28.8years 64 hour 9OSr (90Y) 137CS

: 90 90 90
aoool r Y /r _
ook ST _\) Eff. Coeff. (Sv/Bq) (Adult) 2.4x1078 4.6x107°
T::: B ray B ray Red Marrow

] (0.54 MeV)  (2.28 MeV) Dose Coeff. (Sv/Bq) (Adult) 1.6x10~7 4.4x107°
s (Infant) 8.6x10~7 6.8x1077
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Kinetic energy (MeV) al-time strontium-90 counters 4
Fig. 1.1: Energy spectrum of 3 ray from “°Sr and Y.
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1. Introduction
1.1. Conventional method of *°Sr radioactivity measurement

* Conventional method based on a Chemical extraction.
 Sample is burned and become ash, it takes to measure a few week —a month.
* Itis difficult to measure 2°Sr concentration of raw-fresh foods rapidly.

* End-point method
* Magnetic Spectrometer, Calorimeter.

* |t is difficult to determine the end-point because Environmental radiation make
be background noise.

 Range method

* Counting B and y rays, non-calorimeter, suppressing B rays with low energy.

* Lower limit: a few Bg/gin 10-min measuring (500-1000 Bg/kg @1-h measuring).
* Cherenkovradiation method

Using silica aerogel (n=1.047), Eff.(B(137Cs))/Eff.(B(%°Y)) = (2-4)x 1072 .

« An effective area: 5X5 cm?, detection limit of 0.3 Bq.

e 40K is most background
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1. Introduction
1.2. This study and motivations

Purpose: measurement of 10 Bqg/kg °Sr at 1 hour in
environmental radiation such as “°K.

Precise B rays inspection = Large size detection

e.g. 100x20 cm? BG rate should be less than a few
Sample 1 kg (5-mm thick) ‘ count rate at 1 hour for detection
10 Bqg/kg 10-Bq 29Sr significantly.
0.1% eff.

First Type 1. Direct PMT Count rate is more than 100 cph.
Cosmic-rayveto | - PMT thermal noise is a few kHz.
- Accidental y noises
It is not possible to inspect 2°Sr precisely by using a large PMT.
1) Ring Image Cherenkov (RICH)

... cost, Cherenkov angle=11.4° , noise rate.
2) Reduce the amount of substance of photo-device.
B rays

... using wavelength-shifting fibers, threshold type.

20170@@)@0 Real-time strontium-90 counters 6
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1. Introduction
1.2. This study and motivations

| developed a threshold-type Cherenkov detector to measure
0Sr  concentration using silica aerogel (n=1.041) and
wavelength-shifting fibers.

| studied a basic mechanism of the Cherenkov detector.

| studied background of environmental radiation, particularly
214Bjas the radon progenies.

| produced a prototype detector with S=300 cm?.

The performance was estimated using radioactive sources.
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2. Basic concept an acrogel Cherenkov
detector using wavelength-shifting fibers
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2. Basic concept an aerogel Cherenkov detector using

wavelength-shifting fibers

Cherenkov radiation

Cherenkov photons

It is required for 4°K [ rays to not emit /CAt/n,
Cherenkov photons. Charged particle Oc

A threshold of refractive index is given as

c E
Mg =— = —
v pc 5
mec® + K

- J(mgc? + K)2 —m2c4

where m, 1s electron mass, K is B ray kinetic
energy (MeV). In a case of K = 1.31 MeV,
ng, = 1.041.

In this index, knocked out e~ by Compton
scattering of y ray with Ey < 1.53 MeV is not

satisfy the Cherenkov condition in the areogel.
2017/7/25 Real-time strontium-90 counters
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Silica aerogel

* Silica aerogel is a material as Si0, + Air.
* Properties:
(1) Low density (0.1~0.2 g/cm3)
(2) Low refractive index
(3) high transparency for the visible light
* Index control: 1.003<n < 1.25
 Without a hydrophilic properties by a
hydrophobic treatment

2017/7/25 Real-time strontium-90 counters 10
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Detection Mechanism

L_L—V
M,
XS

Aluminum plate

Wavelength-shifting
fibers (0.2 mm)

Silica aerogel

(n=1.041) Scintillating fibers
provs | PP ‘ [ 60.2 mim)

90Gr(90Y) 137Cs, 40K Cosmjc-ray p

I | Sample (1-mm thick)

\ 4

2017/7/25 Real-time strontium-90 counters 11



2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Accidental noise by 37Cs y rays

5-inch PMT
R1250-03

10°E
D - 1 Direct PMT reading
***#*i\i 0 *** 102 Eg . ......................................... -I:l-B_g’Y_llﬁberreading
XXX IR LIAILLI LN -
**‘***‘******** ‘_I‘ 1o=? ' ... .................... .................... , ....................................... , .......................................
y rays T N & 0.5-p.e. threshold efficiency: 0.91% ...
B rays S bl oy e e e .
0000000 Vv,l.v.v.v.v.v.v. '§_ . [ L i 0.5-p.e. threshold efficiency: 0:10%
102 _ J § 2 ' : 5 : 5
137 137 L

B 0.54 MeV (94.4%) v

B 1.14 MeV
(5.6%) y 0.66 MeV

137Ba

2017/7/25 Real-time strontium-90 counters 12



2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Accidental noise by '37Cs y rays

7 5-inch PMT
R1250-03

[ Direct PMT reading

_ B P U | R s B S R
%Er_‘t rancel  SEOOOCNEISIOOCO
Wlndow *I‘*I* *I**I**I* ‘_I< . .. .................... .................... , ................... , ................... .......................................
y rays R | . 0.5-p.e. threshold efficiency: 0.91%
= : : :
B rays S : : : :
0000000 /0000000 A n 0.5-p.9€. threshéold efficéiency: 0;.10%
| ratio = eff(fiber) / eff(5-inch PMT)
| Thickness _Density | = 0.1%/0.91% o,
entrance window -3mm - 2.6g/cm

0.8mm | 2-3 mm

B-3 & Y-11sheets 0.8 mm  1.06 g/cm3 - ratio = g/cm3 2.6 g/cm3

2017/7/25 Real-time strontium-90 cour =0.11-0.16 13
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Optical models
Cherenkov photons

* Optical models were developed to understand wavelength-shifting
fibers collection system for Cherenkov photons by reading PMT.

e The model’s parameters fixed with experimental data.

* Collection efficiency of the fibers was estimated using the models.
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Optical models
Cherenkov photons

1 .
The number of emitted photons is given as T | ——— """"""""""""""""""""""""""""""""""""""
;| R S S e e
1 800 43 0.7 PP W——
N =2mal (1_n2,82)j200 12 1) S . —— --------------------------------------------------------------
where a is fine-structure constant, L is path length SR """""""""""
of the particle, B = v/c, 1 is the wavelength of 04 T ———
emitted photons. O e e
0 s S lllllllllllllllllll
A S S B SN SO
5300I = l3(.!)0l = l4(;0l = l5(;0l = l660l - l7(;0 = l800
Wavelength A (nm)

2017/7/25 Real-time strontium-90 counters 15
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Optical models
Silica aerogel transmittance

Original Cherenkov
spectrum

* The transmittance T(A) is given as

T(A) = Aexp (_A—it) ’

where the amplitude is A=1, C=5.33+
0.03 um/cm, t =1-6 cm.

* The effective Cherenkov spectrum has a peak
at 300—500 nm

e 4 L1
00 300 400 500 600 700 800
Wavelength A (nm)

2017/7/25 Real-time strontium-90 counters 16
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers s

-

Optical models < Y
Wavelength-shifting fibers = )/
/)

* Optical plastic fibers

& /7
[ 715

. Tre.tppmg efficiency Flete.rm.med by a A fz;f /. Doublé cisitig
ratio between a refractive indices of core y 4 $02mm
and cladding. Kuraray Y-11(300)MJ B-3(300)MJ
Cladding n=1.49 Cladding n=1.42
(Polymethyl- (Fluorinated
methacrylate) | polymer)
—~\ ~a
/@h‘ 3.1% /627 724" 5 4%
\ (one side) . (one side)
~ /
Core n=1.59 —
(Polystyrene) -
Single cladding Double cladding

2017/7/25 Real-time strontium-90 counters 17
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2. Basic concept an aerogel Cherenkov detector using

wavelength-shifting fibers

Optical models
Wavelength-shifting fibers

(1)rigina1 Cherenkov spectrum
: - Y-11:
0Bl vcicnscomueg oneouisectotion -2 S0 SR 1 AURNE: SR S ——
C
o
R X ¢ e R i SR S, (o R Fresssnnsssn B,
[%5] 5 : F
Y |Cherenkov spectrurh
T om:the aerogel
(0 )02 T RTINSOy o, VHSTIRTOIR W2 SRPROOOOS TR T,
=0. 2= R g d [ s
c
LSJUT, 7| RN | S | SRR S SR—— S— ——
)
o
B V)Y ISR S0 WSRRROIN - RN S . ¥ o
4
< =08 i Gl gl i,
- llllill lillllillllillllillll
J00 300 400 500 600 700 800

2UL/[1]25

Wavelength A (nm)

’
K3
o/ //

y 47/
714
74/ /24

: !; /' Double cladding
' $0.2 mm

Kuraray Y-11(300)MJ B-3(300)MJ

Absorption spectra have peaks at 350 nm
(B-3) and 450 nm (Y-11).

Use of two types of fibers allows to
extend wavelength range to absorb
Cherenkov photons.

Keal-time strontium-90 counters 18
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Optical models

PMT
B ¢133 mm
R1250-03 $120 mm c
* Head-on Type R4
g ° Bialkali photocathode ._.EJ
£ ¢ Line focused dynode
O
N structure
C
v ke
R9880L]210 $16 mm e Head-on Type g'
e 8 mm Ultra Bialkali 3
photocathode <
* Metal channel

13 mm

dynode structure

- ; R988®U 210
VX L W S o S R NN S ——

R125® 03

........................................................................

700 800

500

Wavelength A (nm)

600
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Measurement of light collection efficiency

Cosmic ray muon Cosmic ray muon

(a)

R1250-03 Silica aerogel

Wavelength-shifting
fibers

2017/7/25 Real-time strontium-90 counters 20
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Measurement of light collection efficiency

(a)

2017/7/25

R1250-03

Cosmicray muon

Silica aer

Real-time strontiun

A
~

Poisson Function Fitting
P(k,v) = e "k /k!

(Np.e.) (=)
2 D =10 mm 18; D =20 mm
20 16—
2 o (Npe)=49 +0.2 aub (Npe)=86 £0.2
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O e o
0 © 8-
B; 6;
6 E
w
= 2
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L S
e
L
£
,,,,,, i o oo Nallen 1
10 0 10 20 30 40 50
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2. Basic concept an aerogel Cherenkov detector using

wavelength-shifting fibers

Measurement of light collection efficiency

25 1=

. e data =
(a) i . . 0-95 I I l ; l T
oL ©  Simulation 08~ t $ | ' ! t
- — Fit > F Average 0.83 + 0.02
—~ o 06
Q15 5] e
2& B g 0.5?
10:, ) = 0"fPedestal event (17%) was accidental
B F(x) = (3.204 0.17)x1071 D 0sf- . .
i (1714 0.39) _Fnoise such as two muons hit those
s X?/NDF = 1.46/4 O_E_trigger counters simultaneously.
B T T R T N
D (mm) D (mm)
eQr(A) T (AN, L) - €ret
Nyo. = 21 / dNdL— o + N

Erer = 0.466 + 0.004
Ny = 1.42 + 0.03

with X2, = 30.7

2017/7/25 Real-time strontium-90 counters
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Measurement of light collection efficiency

R9880U-210  R9880U-210

Cosmicray muon

Wavnth-shi t|n
fiber sheet (Y-11)

Real-time strontium-90 counters 23
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Measurement of light collection efficiency

0.6; 09; [ data
( b) F % % % % 08 ; o Simulation
05 F
B 07f- — Fit
0.4} % - 0.6;
. C @ F —e— dat:
& 03 = °° .aa
F % ™ o4 —— f(D) = A —exp(—D/k))
C E +4,
02— . . 03F A=0.85+0.
g Corrected Efficiency I k= 2722065
r . . “E Ay = 0.060+0.012
0-1@ == EfflClenCY/ 0.17 0.1: )(Z/NDF: 3.92/4
D (cm) D (cm)
T()‘* L) " Eref
P(k; =0, y) = exp(—v) Npe = QWa/d)\dL 2
(Npe) = v = —In(inefficiency) {820 Nemmar(0)ax
1 B-3 )\ )\/ Y—-11 )\/ )\// )\// d)\//
+ igcore( ) )gcore ( ) )(1 _g’crap)gtmngE< )
B-3\ Y-11 " " "
+ (1 - gcore )gcore ()\* )\ )gtrangE()\ )d)\ }
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Measurement of light collection efficiency

(b)

10

107"

10°

10°

107

2

200

j T T 0.014
pmemm N emitted from the o
o == on = o
T aerogel -
RH‘_&_‘ /\/p e Observed by PMT 0.0135 =
L ma-&&a_nd Y11 . oonf
Nivia B3 and Y-t1 S -
1 ) -
= S o125
Bl N viavad & -
[ ] NyeviaY1dfromB-3 E 0.012f-
S -
2 C
= 00115~
< -
0.011—
0.0105—
0.01—
y - 0 BT Gt s taas ;
400 600

300

2017/7/25

500
Wavelength A (nm)

1.37+£ 0.15%

A(1 — exp(—D/A) + n,
A= (7.9240.76)x1073
A=117+1.2mm
Mo = (5.78 + 0.80)x 1073

Real-time strontium-90 counters

2 3 4 5 6
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Impact of charged particles passing though the fibers

Cosmic ray muon

(Noe ) =5.71+0.09

N3 (Cherenkov) = 0.17

Wavelength-shifting fibers

o
-
o
N
o
w
o
N
o

50
It was considered that wavelength- Np.e.

shifting fiber has a property of

scintillation radiation.
2017/7/25 Real-time strontium-90 counters 26
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Cherenkov photons from *°Sr and °°Y f rays

Optical shielding

\104 : : :

‘ EEE 90Sr 90Y B rays

10° RSSO SOTRU TR URRRRTPRRROO ............................
| | [ 1 99Sr90Y B rays

1 02 ............................ ............................ ................... Optlcalshleldlng ................

Counts st

90S (90Y)
Scintillating fibers

27
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Cherenkov photons from *°Sr and °°Y f rays

°F 1 Count rate
- é : Subtractmg data ' 4 Q-1
SO S DU AU SR AU HUSU: SN —4ISr+Y
§i ==Fitting function | =2 x 23.6 kBq-0.099+5.04x10™*
W 1l . - Gaussianfunction | =235s7,
42 ; Pmssonfunctmn wheren = de de_e_eXp(—S(N)g(N - Np_e_))
g 34— f f f f 5 | -
O : = ] TV
2f— o |
- = £ T
1 £ =
e ‘ Kima (MeV) '

2017/7/25 Real-time strontium-90 counters 28
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2. Basic concept an aerogel Cherenkov detector using
wavelength-shifting fibers

Results

Aerogel (n=1.0411): K;,=1.31 MeV, Ey(t")=1.53 MeV.

Accidental noise can be reduce to 11% using the fibers than 5-
sinch PMT reading.

Optical models were developed forthe Cherenkov detector.

1.
2.
3.
4.
5.

Cherenkovspectrum

Silica aerogel transmittance

Wavelength-shifting fibers absorption & emission spectrum
PMT quantum efficiency

Fix with cosmic-ray test

Light collection efficiency was determined to be 1.0-1.4%.
Cherenkov photons by °°Y B rays were observed using the aerogel
and B-3 & Y-11.
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3. Background study of environmental
radiation
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3. Background study of environmental radiation
3.1. Cosmic-ray muons
Cosmic-ray muon Cosmic-ray muon

— Shifting fibers
(0.2 mm)

scintillation detector /
D XX Wavelength-
W e eeseles IESOTCOC G,
I
photomultipliers
\

| Silica aerogel

(n=1.0411)
Scintillating fibers
(0.2 mm)
multiwire a : . .
proportonal @% Adding cosmic-ray veto counters.
e The detection efficiency of 99.9% or more
is required for cosmic-ray muons.
NIMA 595 (2008) 278. g Y

2017/7/25 Real-time strontium-90 counters 31
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3. Background study of environmental radiation

3.2. y-rays energy spectroscopy of the air

* |t was considered that 4°K is not to be background because knocked
out e from y ray (1.46 MeV) dose not satisfy the Cherenkov condition
in the aerogel (n=1.041).

* Thorium include in the concrete blocks of the buildings. Radon
progenies attach onsurfacein the environmental.

* Knocked out e  from y rays (Ey>1.53 MeV) emitted from 214Bi and 2%8Tl
can satisfythe Cherenkov conditionthere.

* Average of radon (*22Rn) concentrationin the air is 45 Bg/m3.

* Here, radon progenies (particularly 2'Bi) in the air were focused by
the study.

 214Bjemits B rays (max. 3.27 MeV).
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3. Background study of environmental radiation

3.2. y-rays energy spectroscopy of the air

Brass blocks = ; ‘
Cosmic muon I @ I : |
. 10 cma :
1 1
1

The veto counter I

Gamma ray$
1

""""""""

Lead blocks

NRNNN
N
\ \\ \\
\

\
\ AR

k §k \x \k N\ \\\ NN N i\ NN §\ ‘V \V\V\ \\ \\ /\
A T
§§§§§§\§3&§V§§§&N&w
N \&
NN

\anmee
NI

/
7 /,
%
s
Zé
/%
/5
4

\ |
NN N \\\\\ \\
\i\\\\\Y Nz IIHnun \\\\\\\\\ 9.6 cm
N T T T T H Hh v
214Bj, 208‘|’|Y 40K \

N
~
o
(@]

\=
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b=11111

3. Background study of environmental radiation

3.2. y-rays energy spectroscopy of the air

_Count rate (s" keV™’)

1077

2017/7/25

I IIIIIII| I IIIIIﬂ] I IIIIIII! I IIIIIII| I I"I'IIIH] I IIIIIII| I IIIIIH|_T

.......... —— Data indoor

— Data outdoor

P Neutral cosmic rays

511 ke}/ 1 460 keV —Data indoor - Neutral cosmic rays

\ 17ZleV ;
S 2,260 keV

||i||||i||||i|!-l|||i||||i||LJ._j

MC 214Bj <\->/(1 B/m?)

e

Cosmic-ray muons
bremsstrahlung y

lllll'lll

500 1000 1500 2000 2500 3000 3500 4000 4500

Real-time strontium-90 counters

Energy (keV)
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3. Background study of environmental radiation

3.2. y-rays energy spectroscopy of the air

Results

» 2l4Bjconcentrationintheairisless than 100 Bg/m3.

e Gap between sample and trigger counter should be
less than 1 cm.

 The air in space under the sample should be removed
out.
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3. Background study of environmental radiation

3.3. B rayssurface inspection of sample sheets adsorbingradon progenies

Aluminum flame

The veto counter .
! unter - Cosmic ray muon Lead blocks
based on plastic scintillators

AN\ O OO OOOOOOOOOIOOGNY Q&\\ \§£ A \\ ARRRRRRRRRRRRNN
OIS RN SOUUONUONONINNINNINNNNNNNNNN

/

7

\

B ray
PMT ,8 ray
\s\ Echtlllatmg flberm_ \

I ‘MPO @ \

N N N N N N N N OO OO OO OO
N N OO OOy NANRRRRNRRRNNNNNN

@i \

214Bj, 208T| 40K

S S S S S S SSSS S S
000000000000

S S S S S S S S S S S S S S S S
S S S S S S S S S S S
S S S S S S S S
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Scintillating fibers

3. Background study o

3.3. B rays surface inspection/of s:

Aluminum flame

The veto counter .
5 umer Cosmic ray muon Lead blocks
based on plastic scintillators /
NN RN %\\\\\\\\\&\ %i\\\\\\\\\
NN NVARNNNRNN AR RO AN
/ N \ [
I AN AV I
N / \ \ |
N
N // N
N 4 \\
ra
PYIT L. . P . / [ ray PMT \
\\ Nk cintillating fibers N\ / \\
N :Faray @ N
N : N
N | ‘Zlgpo @ 2B NN
\ /I \\
M\ T T T T T AT TETETETE Y
SEUURNNNNN NN NN NN
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3. Background study of environmental radiation

3.3. B rayssurface inspection of sample sheets adsorbingradon progenies

- 20

Concentration

k,
A= Z — Rpg) At, "S :

C(t;): counting rate

Rpg: background rate

At = 10 min

&gy 995r eff. = (8.68 + 0.01)x104 Bq~ 1 h™?
1, ratio of °°Sr eff. to radon prog. eff. = 0.37
k,: correction coefficient = 1.15

$:0.03 m?

o) N NSRS SRS SRS S, **Data ...... ~ . F
B — Fitting functlon : E 18
- . Exponent\al functlQn S~
- I == Blse\ms : o ) 16—
\—Ii i PN SO PP S P H SO A RS ...... m
L T
A Exposuretlme4h40mm ........ S W IS B =
© ; = o
- © 10
c LN\ ...... T s
=2 : [}
S o 6
© c
o : © 4
O
2
1 I 1 1 I 1
12 14 %

eal-time stro

Expose time (h)

Interpretation

(1) 218Po only falls on the sample after the
radon decay in the air. 214Pb and 214Bi
produced at the sample.

(2) 218Po, 214Pb, and 214Bi in the air fall the
sample after the radon decay in the air.
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3. Background study of environmental radiation

3.3. B rayssurface inspection of sample sheets adsorbingradon progenies

IR NS S S S o Data i
— Fitti gfu ction
-+~ Exponedtial fun tQ
OO OO SO OOt SO SO boss ot Basel U.n;@ .........................
.......................... EXposuretlme4h40mln
(17 9i5 8) Bq/m
e
10 12 14

Simple exponential function fit
f(t) = Aexp(—t In2 /7, ,5) + Ryg
A =3.22+10.04

712 = (0951 0.02) h
Rgc = (1.02 4+ 0.01)s7?!
with y*/NDF = 0.32/69

100

'Expose time (h)

Interpretation

(1) 218Po only falls on the sample after the
radon decay in the air. 214Pb and 214Bi
produced at the sample.

(2) 218Po, 214Pb, and 214Bi in the air fall the
sample after the radon decay in the air.
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3. Background study of environmental radiation

3.3. B rayssurface inspection of sample sheets adsorbingradon progenies

) EEESSOUON NOVOSUISIOS SRV SISV SRR oBate L
B — Fitting functlon :
- —E—- Exponent\al functlan

O UM SO SOV SOVl e =111 SO SO
Exposure time 4 h 40 mln

I 1 i 1
12 14

x(()])/Z] x(()])

0.5

1
0.9
0.8f

0.7

0.6

0.4
0.3H
0.2t

0.1

218Poonlyfalhngscenarlo _._ %218})0

R— Thebestfltscenarlo

Expose time (h)

Isotope j= 1, 2, 3 are 218Po, 214Pb, 214Bj,
respectively.
A= 7; L inverse of life time of isotope j

J
(] ). initial intensity of isotope j

RBG. background rate

)0 counters 40
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3. Background study of environmental radiation
3.3. B rayssurface inspection of sample sheets adsorbingradon progenies

Result
* It was found that radon progenies of (17.9 + 0.5) Bq/m? were
attached tothe samplesheets.

e 214Bj on the sample is not negligible, and it is required to not
expose sampleinto the air.

* This result suggested to reject the scenario in the case of 2'8Po
onlyfallingon the sample after the radon decaysin theair.

 Therefore, it is suggested that there are the radon progenies in
the air Indirectly.

* The suggestion could be a clue for a search of the lung cancer
occurring in non-smokers from the impact and exposures by
inhalation of theradon progenies.
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4. Design of a prototype detector
4.1. Threshold-type Cherenkov counter

R9880U-210
Properties of the aerogel tiles - PMT
Wavelength-shifting ,)’ PMT
Tile Refractive index Transmission length (mm)*  fibers light guide 9880U-210

MEC4-1a 1.0408 110 % 41400 nm

MEC4-1b 1.0411 38.6

MEC4-1c 1.0412 39.2

MEC4-2a 1.0414 10.9

MEC4-2b 1.0414 41.2 oSSt L

MEC4-2c 1.0414 417 o

MEC4-3a 1.0408 417 ‘

MECA4-3b 1.0410 1.4 RI880U-210;

MEC4-3c 1.0411 1.7 2 serogel
Mean 1.0411-£0.0002 108411 ;

Gel box.
Black paper on
the bottom.

e's 43
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4. Design of a prototype detector

4.2. Trigger counter

2017/7/25

Counts

900

800

700

600

500

400

300

200

100

=

PMT1: N,
NN PMT2: N,

] M+,
(N1)=1.95 = 0.03 p.e.,

(N2) =1.73 &£ 0.04 p.c.,
(N1+N2)=3.49 &= 0.04 p.c.

Coincidence Efficiency
(C1-C2)=59.5 £ 0.04%

_L._!L'IliLl

[

: > : 6 = - -

The number of photoelectrons

Real-time strontium-90 counters
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4. Design of a prototype detector

4.3. Veto counter

The veto counter unit \\
@ Short side \\? ?
@ Long side < .
® Top side \//N/
S8

<
\\/
< AN Photocathode
\\\ PMT: H11934-200 « 023 mm
é‘f\\ « Ultra Bialkali
1

H11934-200

&=
S ==
N < * Metal Channel Dynode
NS
. . Y-1 .
(DShort side @ Long side / 3 Top side
£ R — £
£ ===
oV & 2 | B o
50 mm 50 mm ) 200 mm "

2017/7/25 Real-time strontium-90 counters 45
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The veto counter unit
@ Short side

4. Design of a prototype detector ® tong 3o -

@ Top side

4.3. Veto counter

¥=150 + 25 mm
¥=100 = 25 mm
§Y= 50 + 25 mm

7t

N. . )=550+0.8 0
| (Npe) =550 +08

Counts

||"-|_‘—|-L||J-i-||-|-"|nn|"—|—||-‘1n 40,,,,'....'|||
150 200 0 50 100

|i|||
150

pe. x (mm)

2017/7/25 Real-time strontium-90 counters 46



4. Design of a prototype detector

4.4, Electronics

PMT1

Trigger =<

Disc.

PMT2

FERFEL

A\l 4

Disc.

PMT3

Veto <

Disc.

PMT4

Disc.

)

\U4

PMT5

Disc.

PMT6

AC ~

Disc.

S O > 2

PMT7

Disc.

J

PMTS8

Disc.

A
A

ANEBEENES

SCALER
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4. Design of a prototype detector
4.5. Shieldingbylead and brass blocks

TI2RFy I vFL— ﬂ
WREWR T 74 /3— /

» /&§£&7 7 A N—

BN E sl plY
\\ SVFL—FA4 VT T AN—
\ ‘ Jt%?ié'fn B
32 mm 32<ggm
4 32 mm N 32 mm
£ T N — Lead — NN L AN NN
T = Y
§ 25 mm §> Brass /% 25 mm c
v E
E A | / 8
£ \\ / ™
S| | 32mm ~~_ Prototype _~ 32 mm
Tyl b NN L) detector Y INNE
50 mm 200mm 50 mm 50 mm 1000 mm 50 mm
Side view Front view

2017/7/25
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5. Performance of the prototype detector
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5. Performance of the prototype detector

5.1. Radioactivity of sources

90Sr source ...23.6 + 0.3 kBq
137Cssource ... 26.0 + 0.5 kBq
delivered by Japan Radioisotope Association .

40K source ... 498 + 2 Bq in potassium chloride (KCI).
The KCl with a mass of 30.0 + 0.1 g.
A purity of = 99.5%.

5.2. Countingrate

e 3 :
C [ ] Background 301 i .
- C N NN 208 (23.6+0.3 kBq)
12— NN 137Cs (26.0£0.5 kBq) - § A\
- NN “K (4982 Bq) » Uil
£ °F Gaussian fit 2 ok Caussian fi
o] B _ a —
~ Ng- = 35.2+ 6.0h1 -
g 8 BG - L g F Ngs = (1454 0.01)x10° h~1
S r Gaussian fit S 15[ ,
Q 61— — -1 2 FE
© F Gaussian fit Nes =159 £8h™) S F
sE Ng =451+ 69h7! ‘ -
2_— ’ 5:—
Oo_" T R T R 7T R T ?:' T T VT : o
30 135 140 145 150 155 160

Counting raten (h'1) Counting raten (h'1)
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5. Performance of the prototype detector

5.3. Signal model

14

12

—
o

III|III|III|I

(0]

Count/bin

—

— N\

Background
N 37Cs (26.0+0.5 kBq)

40K (4982 Bq)
o) = ] 0]
Ba(n) = —eXP — = ¢
2moRG 205

v =35.1h71
opgg =6.0h71

—V/a2( / 2>n/a2
e Vi
¢£L‘(n) = 2 )
I'(n/a?+1)
Vg =97 +0.2
ag = 1.07 +0.11

Ves = 1241+ 0.2
acs = 0.53 + 0.04

41 | I | J

201

60

80 100 120

Counting raten (h'1)

b1
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5. Performance of the prototype detector

5.3. Signal model
<FBG(n)) < <¢Sr (n)> => 5. (n) = ¢Pgr(n)

6—1//042 (V/a2>n/a2
I'(n/a?+1) '

Gz (1) (x = Sr)

Source a k (Bq~'h™1)
POSr 2.50 £ 0.50 6.23 £0.13
B7Cs  0.532+£0.044 (4.77+£0.09) x 1073

K 1.067 +0.106  (1.95 £ 0.04) x 1072

4.5

3.5

2.5

1.5

0.5

o

N\ \ N\ N\ \ N\
NSNS OISR
I
I
\ NN AN NN NN NN
A NN RN YN NSO
R A OOy
R A A A AR NN,
RN NN NN NN NN NN SNSRI NN NN NN NN NN NN NN NS NN NNNNNON SN NNNNNNNNNNNNN
— Agy 2.50 _| 0.50
- 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I
200 400 600 800 1000 1200

v(h™1)

N
T
<
i

|

o
/m
-/
~2
x10°

6.8

6.6

6.4

6.2

5.8

5.6

[ H
30 |
’ Y 90
u \ Y 28t (23.6+0.3 kBq)
- N
25 (N
£ 20l
a “UC
\ —
[75] -
JE I
15—
= -
5 €
O r
10— \
- N
N
[~ N
- N
NN
o N
5— N
— AN
- NN
NN
- NN\
- NN 3
L P | N Nl P x10
930 135 140 145 150 155 760
Counting rate n (h'1)
NN \\\\\\\\\\\\\\\\\ iy
R TN,
‘t\\\\\ R R ... \\\\\\1\\\ NN
A R RSNy
O OGO NN \\\\\\\\\
A N N N N N AN NN
AONOONNONNN NN N NN N NN NN NN N ANNNANNNNNNN \\\\\\\\\\\\\\\\\ MOV NN NN NN NN NN \\\\\\
ks = 6.23 £ 0.13 Bq h™
L I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I
200 400 600 800 1000 1200

v(h ™)



5. Performance of the prototype detector

5.5. Detection efficiency and limit

Probability

Efficiency

0.07 - - -
- 6,71//1\“ v/a? n/a®
0.06 |— ground OS(”> = ( /) )
= ’ I'(n/a?+ 1)
0.05 — o .
= I (n)= / dn ¢ (n) - I'sa(n — n)
0.04— 36 ' .
= v = kg Ag =749h71
003 A = 10 Bq
0ol N35(10Bq)=91.6+ 0.3%
0.01— : : :
~ N R REERERERREREIKLEE
- NN R R R RIS P B
% 60 80 100 120 140
Counting rate n (h'!)
1 i— seceseseeseesesInssITsennennn0eennnnnenn00000000ce0nce0Rc000e
09 F r Ll . 50% _
= 1o 1 .. I : A'},” =1.4Bq
08" %26 1 | | 150%
- K o 1 (-
07— . 30 : ! A 3.0 Bq
= ! ' '
06— | : | A'3%% = 4.6 Bq
— T ! 1
05 E i i i 90%
= 1 | ! 0 —
0a - i | : Al 5.4 Bq
= ; i ; A'9%% = 7.6 Bq
— 1 1 I
02E- : i : A'3%% =96 Bq
0.1 T S TR B P e b L Ly
0 2 4 6 8 10 12 14 16 18 20

P0Sr radioactivity (Bq)

Mean counting rate is 74.9 h'! using 10-Bq
P0Sr in the signal model.

The source position dependence for the
coefficient £ was corrected.

In a case of 30 threshold setting, this
detection eff. is estimated to be 91.6 +
0.3% for 10-Bq °°Sr.

These curves show relations between 2OSr
radioactivity and the efficiency for 1, 2, 30
threshold condition.

Typical detection limit is determined to be
A30% satisfying (s (n)) > (Igc(n)) + 30.

A3%% = 4.6 Bq at 1-hour measuring.
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5. Performance of the prototype detector

5.6. Concentration

Detection I|limit of surface concentration is
A3°% /S = 0.0153 Bq/cm?, where S = 300 cm?.

o

Here, it is assumed that A3%% me™! = 46 Bq/kg
)

- Density of sample is 1 g/cm3
y P 8/ at 1-hour measurement.

- Sample was dried.
The food contamination permissible limit of 100

Bg/kg defined by Ministry of Health, Labour and
Welfare, Japan, in 2012.

- Compression factoris € = 0.3
- Sample thickness is 1 mm

- Sample weightism=30g
(corresponding to the original A « S71: it expected to be 8.4Bqg/kg @5=1 m?
of m/e = 100 g).

Furthermore, in the case of seawater, the lower limit of dried
seawater 1n 1-hour measurement 1is estimated to be

A3%% m et = 1.5 Bq/L, where £ =0.01.

2017/7/25 Real-time strontium-90 counters 54
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5. Performance of the prototype detector
5.6. Results

Signal models were developed based on experimental test using
the sources.

The efficiency curves were estimated as the detector
performance.

The detection limit was estimated to be 4.6 Bq.

The detection limit of surface concentration was estimated to be
0.0153 Bg/cm?.

The detection limit of weight concentration was estimated to be
46 Bqg/kg (seafood) and 1.5 Bg/kg (seawater) at 1-hour
measurement in the prototype detector.
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. Summary

* It is important to measure Sr concentration in food because intake of 20Sr is
dangerous than 13’Cs, and the method of measuring 29Sr rapidly is focused.

* Wavelength-shifting fiber system was adopted because it is not possible to inspect
10-Bg/kg 2°Sr by a large PMT reading Cherenkov photons directly.

* The light collection efficiency was estimated to be 1.0-1.4% for Cherenkov photons.
* The Cherenkov photons by 2°Y B rays was observed using the fibers.

 214Bj as the radon progenies in the air was not observed in the limit of 100 Bg/m3.
The radon progenies on the sample sheets was not observed 18 Bg/m2. It was
found that the detector design should be performed the care for these 214Bi.

* | produced a prototype detector with an effective area of 30x10 cm?.

* The detection limit of weight concentration at 1-hour measurement was estimated
to be 46 Bg/kg (seafood) and 1.5 Bg/kg (seawater). By extending to effective area
of 1 m?, it is expected to be 8.4 Bqg/kg (seafood).
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