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WLSF(R-3) readout system
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WLSF(R-3) readout system
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Real-time "'Sr Counter

Hiroshi ITO, Soorim Hoin, Naomi Kineko, Hideyoki Kawad, Satoshi Kodama,

Adsushi Kobayishi,

Al traef—Rad olsitopes lave been emitted aromsl Japan doe
o a msclear acchfent of s Fuloslbma dalicld sedear power
station in March 2011 A problem is the contamimted water
Il bing the atonde meces which velatively lss a loag ladf-
Ufe thube and solulle such as ™Se, " Cs. Internal exposures iy
“8r are more dangerons mn s S bocase Sr bas effective
half-life thine of 18 years awl property of accumulation o a
buen. We hayve developed real-time ™ S comnrter widel 15 senedtie
beta-ray of maximum Ksematic eoergy of 228 MeV (rom ™S
ansd hin itlve of beta-ray of masimum Klematic energy of
L7 MeV aml gamma-ray. from ™'Se by O whary  dhetectiom
This comter compises of Corenboy coumiter, teigger selntillation
entmter and veto counter. Slica acrogel for Cherenhoy ominter
et olatadi refeactive lisdex between L7 amd 1049 ensdly. Aml
wavelength shifting filver (WLSF) b wsed ax o light guide for
extending efMective aea ;llhl prihuchng lwer eosl. A mechanian
lrl e Iibentification of ™'Sr b explabved b following. In ca
S whan the trigger counter reacts on th |JILL.| =ray Frm
aeriged vimits U Clherenbhooy Bglit aml WES
e Clerenkoy lght. On the othber hand, in ease of
trigger comter reacts on the betaray, aerogel stops
ray andd Cherenboy Bght & ot emitted, Tleere
at Puosebhivs as o radktor sl shieblbng matedal. the gammeeray
B oot pencted on the lower deisity detector, Coamde rays wild
It alstr reacted by Uie veto oodmber A jarobol e oo ber h]luui.
b 30 e 10 e was olitadined (20 £ 1.2)" of
o as Cal™'Se. Detection limit (o 1]h. surface
contamimtion lspection depenids on measurement Hme aoml
elfectlve area malnly, The sewsitivity of wide range, 1077 — 10"
Bydom®, is obtained by adjestnent of detection level in cleeal
of thils eounter. A lower radleactve sunple (= 10 — 2 Byfon™)
alliws b detected signlfeantly by beating treatment to evajurate
witer slhdelding e beta-rays.

L INTRODUCTION
IN T, the noclear accidem o Fukushima daiichi nuelear
o station iy Japan hos emitted radicactivity arownsd
JTapan. Even now, this impact has not disuppeared yet. Far
ticulardy, an importint problem is th dnminmed woter
inclued ively has along half-
life time and soluble such as ™'Sr

the atomic miclews which

t woenved Apeil b, 215

Mkt Tibata

A The Risk of Contaminated Water

3 bear incleding in contuminated water by radioac-
ir md T Cs mainly, "™Sr iz Alkali earth metal
and has physical life-time o 29 yedars, hiological life-time
i effective lite-time of P years: On the other
1= Alkali metal and has physical life-time of 30
ical life-time af T days and effective life-time
. When the muclei is absorbed in ihe body, "Sr s
i L.n'mlul-:d imtor the bom, In the cuse of "7 Cs, it is Aowed
out by the hasal mewbolian, The effectve lifetime g ls
detined as

which 7, ¢ 15 physical hfe-time and 7, 15 biological Hetime;
and deseribes the incubation penod in the body.
After the

Sroemitied into the sén. these acoummuloe o
the hsh, Therelore, we have dangerouws to take them. Since
of the ™8r's propeny accumulating into the born, there |s
possihility that the Hsh is accumulated them depending on the
penod from the accident. A reference value of radioaetivity
which is incheded in the food has been defined as 100 Bylkp
by Health, Labour and Welfare phase, Japan in 2012

B Difficidry of Radivacmary Measremans

175 has decay modes (1) beto-my of maximum 117 MeV
and 12) hetwray of musimum 051 MeV and pommo-ray of
01662 MeV. Since of detection (L662 MeV spectum, ' 7(s
i= identifinble casily. Adding since ol gamma-ray's property
ol PCI‘I:)LIhHII\ it is possible to |.|J|m.u hack ground from
beti-my mall enerey by shelien ment, Un the

E mide = ol muKimrm

om is only surtace

contamination inspaction beomse ithas lees permenbility, And

In the case of environment existing "7Cs it is difficult 1w
idemify ™Sr by background of s heta-my.

. The dmipection by chemical extraceion
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GSO scintillator

‘Mh‘ln'q i T .-1.||-.m HIEALCHS SCIH TRLL AT "Characteﬂstics
il RO TALS sl YRR TR
SR Se i GSO BGO LSO YSO YAP CWO  NakTl
Density (gicm3) 871 FiEv 74 445 5.E5 79 3.67
Radiation length (cm) 138 111 114 275 267 106 26
Decay constant (ns) 30 - 60 300 40 280 28 000 230
Light yield (relative) 20 r-12 40-75 30-45 40 30- 40 100
Peak emission Agm (nm) 430 450 420 347 347 480 415
Index of refraction (at) 185 215 182 194 1.94 225 185
Radiation hardness (gray) 108 1p8-3 107 104 104 103 10
Hygroscopicity o no no no e no Sirong
Melting point {°C} 16550 1050 2050 1980 1850 1300 651
run3:adc[1]
* 150 T P MBEHTNES = 3891 —
wf PMT3RAT D80 — | s

Ciw i | Integral 3837
,ZD_I ......... &j]‘/h i_JZ, ¥ { ndf 10.95/10

!| Constant 106445
:| Mean 1721208
{| Bigma 1747 £ 0.92

100

|
GSO: (26 x48) x 2.4 mm?

ResolutiondE= o/ u
~ 0.1

U imean
o :sigma



GAGG scintillator

(Gd,Al,Ga;0,,(Ce))

| Product Information

30—
25=
Err o pma m
20— -
e Light output ~56,000
g g [photons/MeV]
% 109 Energy resolution 5-6
£ gl (662 keV, FWHM) [%]
0 Decay time [ns] 92ns(86%),
o,
1 . | 174ns(14%)
300 1) oo 0 0 BOD a3
doSB e Emission wavelength 520
[nm]
Fig.2: Radioluminescence spectra of GAGG :
excited by X-ray, CuKct, 30mA, 40mV Density [g/cm’] 6.63

Fig.1: Photograph of 3-inch-diameter GAGG scintillator.



GAGG scintillator

_ : : : : : Entries 1254
setup ® T T T T Mean 104.2

100 s o749
TS GAGG: (10 x 10) x 2 mm? N L e 16.71/17

Constant 13.91+1.4
A WLSF(R-3) Mean 253 +3.2

; ; : : : Sigma 33.15+4.35
I SR S— A — A— A — A —

| v PMT1
GSO: (26 x48) x 2.4 mm3

~ 0.13

PMT3f##rdD 728 p-€.
T —4 7y NEE
FWHMMRA 253 = 78

Resolution dE

L imean
o :sigma



GAGG scintillator

{adc_c[1}-117.4)*2.5e6/1.6/gain(1):(adc_c[2]-97.4)"2.5e6/1.6/gain(2)

3 . : : : _ _ _ _ Entries 4056
PMT2 9 - Meanx  11.23
Q 700 e .................. .................. ................. .................. .................. ............ Mean y 216.3

GAGG: (10x 10) x 2 mm® ¢\ ; ; : ; : ; : :
PMT3 |_ 600 — .................. .................. ................. .................. .................. ............ Egﬁél g:ﬂgg
A WLSF(R-3) = b =l e
O 500—. .................. o ................. .................. .................. ..................

setup

o

400 P - o . o J S—

BT S — e - T T — S —

200 T ... I i S JRU — 1

y g ; : ; ; :
GSO: (26 X 48) X 2-4 mm3 1005_ ........ .................. .................. ................. .................. .................. ..................

D:u__illlilIIIiIIIIiIIIIiIIIIiIIIIillllillllilllli
0

hhho/=C&
- HHEALH B,
e EXHNHLZ1/200,
o RRAEDT, MinAHZEE L TUNEMENT0%
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Analysis

runi:adc[3], data cut:129<adc[1]<216&219<adc[2]<286

PMT?2 = 40 Entries 694

Mean 11.85
] GAGG: (1 0 x 10) x5 mm3 35 RMS 4.307
Integral 694

setup

WLSF(R-3) 30

25

T—YAYNE:
PMT1: XEE—JFWHMA
PMT2:6&EE—JFWHMA

Q_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

‘ 5
GSO: (26 x48) x 2.4 mm?3 0 1w T I AN SN IR B
-1 20 30 40 50 60 70 a?:l?::[:}] p.:n
WLSF4 8 DU Exh R
PMT2: 253 p.e. Coll. Eff. =(9.2£0.1)x10
PMT3: 11.85 p.e. Np.e.=11.85 @ 511 KeV

Coll. Eff.~2N_/N,

~2x11.85/ 253
~ 0.092



Result

Fiber Layers v.s. mean num. p.e.

DOI-PET/WLSF with GAGG GAGG 5mm
WLAS(R-3) ¢ 0.2 mm
14
12 . -
.10
Q
o
g 8 "
)
c 6 -
<
° 4
2
0]
0] 1 2 3 4 5

Layers



Consider

EER

GAGGODO#Yt=:N=57,000 ph/MeV
22Na gamma-ray E=0.511 MeV

YLk B8 DA
o )

ITRA:Q=0.036 =
ETE: € ~0.25

Np.e.=N*E*Q*e  ZEER#EREconsistent
~ 262 p.e. Nexo™ 253*133 p.e.

WLSFTOUNENERT10%IE7?

€ coII= € trap(A 1) € abs( ;\ 1) € WLS( A

rovEVTHMEe | (A)) ~0.54
7741\ —Q.E. e, (A))
BRENEWE ¢ WLS(}\ 0 A 2)

PMT #Q.E. €, (A ,) ~0.2
AV UTFERER

A EBREORR

¢d=5 mm

Sin©=1./1.93

//

1;22)8PMT(A2)

g coll0. 172D T,

e e ~04

abs WLS

EHEETED,



improvement

runi:adc[2]

- H : : _ _ _ _ Entries 1254

50 Mean 223.2 100 ___ .................... _ .................... _ ................... ________ RMS 97.49
L Integral 1240

RMS 94.06 - .| %2/ ndf 16.71 /17

40 Integral 4056 : ’ : : : - Constant 13.9+14
Mean 253 +3.2

Slgma . 33 15 +4.35

30

20

1 A YRR
100 200 300 400 500 600 700 800 900
p.e.
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