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Motivation

Allowed region obtained by

combined results and KamLAND

Survival probability for solar
matter oscillation below 1MeV
| Y.Suzuki@Neutrino2004
. KamLAND € 10 .

N\ 95% CL. ! : 2
[ 0z CL | 1-(1/2)sin?26

o~ | A 9973% CL. | 0.8

; L 1A s best fit L
_ I| ON

(a) Am2: fix

Am

— tan?o=0.25
?‘Dﬂ.ﬁ _ tan20=0.38 .
[}

-
S
o

0.4
_._E'!T?.rgqr L T 0.2 :;I".'::'.'.:G.E-E
----- 99% C.L. ] SR R sin2e
—— 09.73% CL. ; 0.0 sl P A | A e
*  best fit i 0.01 0.1 1.0
1 1 1 1 1 11 | 1 1 1 1 |!
10 1
tan-0

“11; MeV
Neutrino energy

Emixing angle 6,, is not well determined compared with 6,5 obtained by Atm. v.
mSurvival probability could increase at 5MeV or less in case of LMA solution,
and the value of probability depends on 6,,.
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" J
Capture of low energy solar neutrinos by *°In

Nuclear Physics A 748 (2005) 333-347 ‘ Advantage
‘ T=476ps - large cross section (~640SNU)
e . s10s " direct counting for solar neutrinos
*,f**’"" \ Vit ey - sensitive to low energy region
e | e s (E, = 125keV)
+ — . memmesmssseesas 3¢ 4974 o e
e e T energy meagurgment (E. = E, 125I_<eV)
T=saxioty N " - triple fold coincidence to extract neutrino
Prnax = fmk_[ 497.4 keV signal from huge BG (e; +y, + 13 )
iz o @ Disadvantage

11550

115
R.S.Raghavan Phs.Rev.L ett37(1976)259 * natural B-decay of *In

115 115Qn* 4+ o (t1p = 4.4 X 10 yr , Ee=498keV)
I+ ve = ==on+ e - possible BG due to correlated
H°5n*(4.76ps) — °Sn + coincidence by radiative Bremsstrahlung
v1(115keV) + y ,(497keV)

Requirement for the detector

1.  Good energy resolution : 10%FWHM) — high light yield (BC505: 60%)
2. Fine segmentation (10%4-10°) or fine vertex resolution

3. High efficiency y detection
4

Low Backgrounds — small detector (solubility : 5wt%)
2010%3H22H BAMEZEE F65RIFRAR
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Indium loaded Liquid scintillator

m LENS

1. NILRUERA ) L
IN(RCO0),;) & a—k
) A1 Z8wt% (BC505
Lt 55%. Fi@EK£8m)

2. U UEBRRET =) —

JUIZ10wWt% Ll E & A fE

(Chem. Phys. Lett., 435(2007), 252)

20103 H22H

FBIARDRINET =
Y—ILDRIETFENE
e LY BEBEAVE T

wavelength [nm]
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" J
Liquid scintillator using Indium complex

m [ndium complex »AlQ; has been
tris(8-quinolinolate) established as Organic

RIr Electro Luminescence
iIndium (In :
(INQy) material (@~530nm)

» InQ; should also have a
property of luminescence
7 with same range WS

3 It will be used for
fluorescent object and
help for light yield

molecular mass ; 542.78

201043H22H HAYEZSE FES5EFRKE
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"
Luminescence of InQ, complex

& a

m Measurement of
photo luminescence

Device : HORIBA

FI uoro M aX'4 HORIBA- FluoroMax-4 (Et&’ék? MR ZERE)
Solvent : Toluene

Concentration ; 104

Max. excitation
wavelength : 320nm

Max. luminescence
wavelength : 560nm

o+
w
o

P-y
o
o

350

300 -

Excitation wave length (nm)

250
300 350 400 450 500 550 600 650

Luminescence wave length (nm)
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Solution on InQ, In organic solvent

m INQ; dissolved in
some organic
solvents with ~1%

Benzonitrile

(PhCN: C;H:CN)

density 1.0g/mL

flash point 75°C

Acetophenone
(PhCOCHy,)

benzyl alcohol
(PhCH,OH)

201043H22H HAYEZSE FES5EFRKE
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Light absorption and fluorescence

Molar Extinction Coefficient

PhCN Fluorescence ..

15,000

10, 000

5,000

Naphtalene Absorptio

http://omlc.ogi.edu/spectra/PhotochemCAD/html/naphthalene.html

uavelengﬁg Crim
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w
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300.00

Wawvelength

\ 1r’ —
\ T i V‘L"“k-_
- ‘I . E | . '-‘.‘"“--1\ .
o %7l Naphthalene Fluorescence =~ ™

¢ t == o =0 .
Crhm) C(Excitation FO onm. Quantum Yield=0.232 10/03/15 15:51
L

InQ3 Absorption
\, L

Transparency ~54cm @ 558nm
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InQ3 Fluorescence

300
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=
DAQ setup

JJJJJJ

m Photomultiplier :
H3167 (400K)

m VME ADC: Lecroy

15| 1182
ReplcRPHO032 7 ¥HAI—7 ey e
ADC
—— m High voltage :
XS EER L 1= H316] DEEMWIE 400K TH 5. |

Repic RPH-032

m Photocathode
radiant sensitivity :

30mA/W @ 291nm

60MA/W @ 330nm
40mA/W @ 560nm

TR SHEE mA/W)

201043H22H BAYEFER FE65RFRKRE
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Spectrum of y’s for several solutions

INQ3 (20mg) +
Naphthalen(0.3g) in PhCN

Fuji-film SC-48 (A > 520nm)

Se=Th 400nm\\ 500nm  600nm

g 137Cs 'g 5;_ 133Ba 100% |
“; 10 + I sour *Z on source — L |
g ol : XV
5 107 l&'..“n + off source 5 N/l /
W /
° Lt i

-

4] 200 400 600 800 1000 0 200 400 600 800 1000

0 200 400 600 300 1000 0 200 400 600 800 1000
C counts ADC counts

5

ADC counts ADC counts 50%
% C 137Cs (BG subtracted) g 133Ba (BG subtracted)
& 10°F 3 i
E 102 ', § | B ] ] d
= . i ""WI*I‘ 10 ;_1,5” :‘7’;’ }:? L~
( (T i
b W A | i

Photo luminescence due to y radiation was confirmed

201043H22H BAYEFER FE65RFRKRE
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Concentration dependence

£ [ 137Cs (86 subtrocteq) 2 10*F 137Cs (BG subtrocted) 1% E
& 0% LI S 20000 [
- :'. . ; 3 0, = E
£ ool 0.1% N 0.25% v 17500 E
2 g""ﬂ 2 107 “'-.“‘ kY =
o L H]‘n i = 15000 F
o L 2 12500 E
F i\ F [ S) =
oM b i S 12500 ¢
0 200 400 600 800 1000 0 200 400 600 soo 1000 - 10000 E
ADC counts C counts g -
-g 104f  137Cs (BG subtrocted) 2 1ot 137Cs (8G subtracted) g 7500 ;—
s & F =
§ 105; ‘E' 3:. = 5000 =
- S, 0.5% AN 1.0% =
z 102;— M 2 102k -"".-._‘_ 2500 -
E 'w E 1 :llllllllllllllll|||I||||I|||I
0 F 'ﬁfni 10 qf"ﬂ{f | 0
1: | If"” o f] ]lmﬂl 0 02505 075 1.0 125 15
o500 400 600 800 1000 6500400600 800 1000 Concentraction of InQ3 [%]
ADC counts ADC counts

min=f X p Xo
n : number of events f : photon flux p : number of INQ,
molecular in 20mL o : cross section of photon absorption

» Linearity could be continued until ~0.75%, but saturation might occur
above a few %

201043H22H BAYEFER FE65RFRKRE




Light yield and Quantum yield

BC-505 (4 times scale)

Gamma~ray measurement by BC—505 (4 times scale)

n B . fwo o °m- 7500 |
5 Ll Backgrounds | I 1051 137Cs b i
s 104F L] > A% RS 4137
® 3 ]
N 3 N R
3 g ., y
€ € 10 "\I
2 2 b
|W’
10 ’”
o | I I
o] 500 1000 1500 2000 ] 500 1000 1500 2000

ADC count ADC count

E ﬁ - Ow ‘Am
. Enl 3073

é § - 57Co oon 284
® 3 103t
k] K
@ % roN
L Fal 2l l.
£ § 0% '.
= z 4

" Mg

1500 2000 o] 500 1000 1500 2000
ADC count ADC count

Relative yield : 10%

0 500 1000
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Number of events

Number of events

Quantum yield for InQ,

' 133Ba
s| BG subtrocted
10 =
. PnCN only
102 w. wavelength : 291nm
i ii'li
10
x W“ |
b T HI
0 200 400 600 800 1000
ADC counts
133Bo ®=1.0
3|  BG subtracted
10°¢ InQ ,(100mg) with
i Naphthalene(0.3g)
2
10 "?ﬁl dissolved in PhCN

wavelength : 560nm

m m Wi

0 200 400 600 BOO 1000
ADC counts

Number of events

Number of events

104

133Ba

BG subtrocted CD O 92

Naphthalene(0.3g)
dissolved in PhCN

wavelength:330nm

500 1000

1500 2000
ADC counts

104!-

Quantum yield

BAYESYS FE65EERNAS

133Ba
BG subtrocted

®=1.0

AlQ, (20mg) with
Naphthalene(0.3g)
dissolved in PhCN

wavelength : 560nm

500 1000 1500 2000

ADC counts

~1.0



=
Results

tris(8-quinolinolate) indium complex (InQ,) loaded
liquid scintillator was made by PhCN as solvent and
Naphthalen as fluorescent object.

INQ3 has photo luminescence for the y radiation.
Transparency . ~54cm @ 558nm (1~2% dissolution)
Light yield relative to BC505 : 10%

Quantum yield : ~1.0

First step for development of indium complex loaded
liquid scintillator was successful.

Next step : more light yield, solubility and
transparency to modify complex

201043H22H HAYEZSE FES5EFRKE
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Spectrum of y's for several solutions

Number of events

Number of events

PhCN only
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Naphthalen (0.3g) in PhCN

£ £ 1041338
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