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=
Motivation

m Neutrinoless double beta decay
Lifetime and neutrino mass

1507 — 0] = 6" (E,.2)|M,,

2
m, >

Energy spectrum and lifetime measurement

b F

5 0016 | 2vBB ovpp
5 0014 [
0.012 |
0010
0.008
0.006
0.004
0.002

U IIIIlIIlIIIIIIIIIIlIIIIIIIIIII IIIIIII

250 500 750 1000 1250 1500 1750 2000

Requirement :

energy [ke

V]

Mt
Tie~ a8\ EB

a :isotopical abundance
M : active mass

t : measuring time

A E: energy resolution
B : background count rate

Low BG, Large target mass, High energy resolution
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"
For OvBp experiment

13 emitters with Qzz =2 Mev
Transition Qss (keV)  Abundance (%) (**27h = 100)

Mopg 110 2013 12
®Ge —7° Se 2040 8
1246, 124 T 2288 6
136 Xe — 136 B, 2479 9

TP Xe . 2533 e 34
116 C4 116 Gy 2802 7
828 —82 Ky 2005 9
100 Mo —1%0 Ry 3034 10
9% 7y -9 Mo 3350 3
150 \Jd — 150 Sy 3667 6
BCa B Ti 4271 0.2

m Above 28Tl v line (2.614MeV)

m Formed metal complex and solved in organic
solvent Zirconium (Zr)
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" A
Metal complex for liquid scintillator

m metal complex »AlQ; has been
tris(8-quinolinolate) E>tav!shed as organic
| | Electro Luminescence
nl\]/leta COITDER material (@530nm)
(MQy) > InQ, and ZrQ, should

also have same property
of luminescence with
almost same wavelength

Desired performcance
A Light yield : 60% of BC505
M=In,n=3;M=2r,n=4  Enpergy resolution : 4% @3MeV
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"
Svnthe5|s of ZrQA and subllmatlon

INQ,
primary yield 100%
sublimation 77%

2rQ,
primary yield 96%
sublimation 70%
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" J
Solution InQ, and ZrQ, in organic solvent

m INnQ; and ZrQ, dissolved in Benzonitrile
(PhCN) with ~2% B
Benzonitrile (PhCN: C;HsCN) . B
density : 1.0g/mL | W
flash point : 75°C
photon emission : 291nm@ maximum
attenuation length : 66¢cm (@0.5wt%)

Liquid scintillator cocktall
PhCN+PPO(100mg)+POPOP(10mg)
PhCN+PPO(100mg)+bis-MSB(10mg)

2010%9H11H BAYEZE 2010EMEXRE 6



N
PHoto Luminescence and absorption of AlQ,
complex

.. 1 Photo luminescence

3 fifie+006
3491e+008

e Fluorescence device: HORIBA

2 808=+006
2.713e+006
FluoroMax-4
2 326e+006
2.130e+006

e Absorbance devie : HITACHI
o U-3000
e Solvent : Benzonitrile (PhCN)

000

G400

5800

5200

hd 4600

L' X 4000

emission wave length (nm)

o0 3720 4040 4360 4680 G00.0

Excitation wave length (nm) Concentration ; 3.0 X 10> mol/L

G 300 F AlQ; emission

Molecular mass : 459.44

500 ?excitation:;}BBnm ;

200 300 400 500 600 700 800

L Max. emission wavelength :

Py P,
o002 | / AlQ; absorption

529.9nm

a Max. absorption wavelength :
i T NSO 389.6nm

260 300 400 500 500 700 800
wavelength [nm]
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N
PHoto Luminescence and absorption of InQ,

complex

0o

6480

B9E0

5440

Y 4920

[

4400

emission wave length (nm)

o0 3600 3800 4000 4200 4400

~ Excitation wave length (nm)

210000 ¢ —
% sooo |- InQ emission
& 8000 F
7000 |-

inten

6000 £
5000 F
2000 [
3000 £
2000 | excitation:397nm
1000 F ]

200 300 200 500 600 700 800
wavelength [nm]

-0.02 [ INQ absorption

intensity
&
g

- E.s P R
200 300 400 500 600 700 800
wavelength [nm]

1.018e+008
9658+008
9.125e+005
£ 593e+005
8.060e+005
7528e+008
i 396e+005
G.463e+005
6.031e+008
6.398=+008
4 Bhifie+005
4.334e+008
3801e+008
3.269e+005
2.736e+008
2.204e+005
1672e+005
1.139e+005
G.068e+004
7 440e+003
—4 5B0e+004

m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance devie : HITACHI
U-3000

Solvent : Benzonitrile (PhCN)
Concentration : 3.0 X 10> mol/L

Molecular mass ;: 547.28

Max. emission wavelength :
559.3nm

Max. absorption wavelength :
394.7nm
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o .
Photo Luminescence and absorption of ZrQ,
complex

... 1 Photo luminescence

4 533e+005
4.285e+005

e Fluorescence device: HORIBA

FluoroMax-4

Absorbance devie : HITACHI
2 U-3000

Solvent : Benzonitrile (PhCN)

000

6450 ' =
E AT)
Ba6.0 — _j’r o
5440 —
4920 —
400 3860 ar2.0 aga0 andn 4200

_ Excitation wave length (nm) Concentration ; 3.0 X 10> mol/L

=

[

emission wave length (nm)

5000 £

4600 - 7¢(Q, emission
4000 E-

intensity

Molecular mass : 667.84
1§§§§Eexcitation:387nm

200 300 400 500 600 700 800

o e Max. emission wavelength :

ZrQ, absorption

o 548.0nm

intensity
&
o
o

=b Max. absorption wavelength :
_f‘:‘izo?o' BT \4éo B T T 383'3nm

wavelength [nm]
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" A
Quantum yield of InQ, and ZrQ, for
photo luminescence

m Quantum yield

+6
@4 > Fluorescence intensity (area of
1t 24, . wavenumber spectra) of Quinine
£y as standard (1Ir)
3 > Same intensity using corrected
LY spectrum for InQ,/ZrQ, was
= "'-! calculated (Is)
n = |
& ey % o INQ3 > Absorbance of Quinine (Ar:0.34)
IS "‘h_\ ‘}/ngdf and InQ4/ZrQ, (As:0.19/0.39)
H "-‘.,13 > Quantum Yield is defined by
Mo, e ®s = Dr(Is/IN(Ar/As)
£ Tisg SRl
. . . . . . . ds(InQ,) = 0.050 [Is/Ir = 0.051
400 500 600 700 [nm] nQs) [ !

ds(ZrQ,) = 0.011 [Is/Ir = 0.023]
cf. ®s(AlQ4)=0.17
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" S
Energy transfer via photon radiation
s PPO—-POPOP—-ZIQ,

—8? “”W»\M.’\/ PPO absorption
: ‘2 i i i 11 : 1 11 H ‘ ] i i 1 I i ] 1 11 ! i 11 H ] ‘ 11 i i 1
0.3

200 300 400 BOO 600 700 800
< 104 wavelength [nm]
6 —
4 PPO emission
2 0 H i ] 1 ‘ ] ./i: 1 3 I 1 T H l i ] i 1 ‘ 1 1 edetatlion i/vavleI‘e‘nllg[h }20?”]
200 300 400 500 600 700 800

wavelength [nm]

0
:§:§ E H ] L 1 ‘ L 1. /I/l 1. H ] 1 I i L 1. 1 ‘ 1 1 IPOIP(:)IP Efk)sl()rgl)ti{l)n
200 300 400 500 600 700 800
. 104 wavelength [nm]
2§§° POPOP emission
2 § T 7 Lo N exlcitafion wavlekenlgtk'x l%tlr’)rm
200 300 400 500 600 700 800
wavelength [nm]
0 E -
-0.2 B Zr(4 absorption
_044 5 L I} 13 ‘ I} 1 13 i ] 5 L 1 l ' I} 1 13 ‘ 1 13 i I} I 13 4 I} 1
200 300 400 500 600 700 800
wavelength [nm]
x 102
2888 ..... e, £1Q4 emission
2008 if}X(iiliali(l)n ‘v“v’lii\/e‘é‘ngll h 3(?7”’:} 1 I L Il J,.«-«"if/i 1 ] 1 I ‘ A:X—A_Al'm""f"'”W"‘-»\.»J\M\,h P T ) 1
200 300 400 500 800 700 800

wavelength [nm]
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"
DAQ setup

450

£ E 478keV
3 400 £ (662keV ¢
T = compton edge)
5 350 E-
2 300 E ’ l
£ =
2 250 f | 137CS
200 g
150 | l
100 £ |
50 & |
0 EJ ;_: i PR BRI
0 1000 2000 3000 4000
2000V o ADC channel [24db]
[aa]
<
s vy =
. . e + E 1.04MeV
light guide 1800v| & 5400 £ (1.17MeV /133MeV
Lt Hamamatsu H6410 F Hamamatsu H6410 o Loas0 B v compton edge)
H : — le] [~
Photomultiplier E__T_i Photomultiplier = g 300 E l
20mL vial = E
3 250 2 60 CO
Delay (10m) 200 E- ,
Q =
jo)] -
I 150
VWV S 3 J
~ O 100 £
®© = E
s . 3 y - - 2 50 i
g & E——ég 42 E % SN
2 sl E —g‘g—sg—f% g 0 1000 2000 3000 4000
L = = o
Z < 2 S 5= & E ADC channel [36db]
X10 30mV 200ns
100ns

201043HA22H HAYEZSE F65HRFRKE

BC505 (standard scinti.)

1040keV :
1630ch@30db

52160ch@0db

(QE : 0.25)
208640ch@0db

478keV:
1575ch@24db
expected :
1498ch



"
Comparison of light yield of PhCN

scintillator |
PhCN/PPO100mg/POPOP  PhCN/PPO100mg/bis-MSB
10mg (PhCN-POPOP) 10mg (PhCN-bisMSB)

£re0 t 478keV gmo - Cerery
g 40 £ E?fn%ﬁ\)/;?edge) 1040keV %120 _ compton edge) 1040keV :
i 2075ch@24db 2.0 | 2255ch@24db
Z - ®7Cs < 80 3 H
60 | 33200ch@0db 0 F ’ 36080ch@0db
- - 40 :
:8 E_ } (QE . 025) 20 F | (QE . 025)
3 T ST .. " Y S I
o o0 2000 3000 4900 132800ch@O0db o e chamenadn . 144320ch@0db
Swof | ower | Light Yield 2ok sz Light Yield
S0 £ 7 compton edge) toBC505: o b toBC505:
o b 478keV: 60 | ~Co 478keV.
a0 b 1875ch@18db a0 | 2025ch@18db
2 E J’ expected : 20 b l expected :
0 Bt lerodnoorete® - 1907¢h 0 006 3000 F000 4000 2072ch
ADC channel [24db] ADC channel [24db]
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Response for y—ray from radioactive source
(1) : Quantum Yield and Light Yield

InQ; 50mg in PhCN-POPOP

137CS

Number of events
.
(o]
R

478keV
! (661keV
y compton

10

edge)

0 1000 2000 3000 4000
ADC channel [0db]

6OCO

Number of events
—- -
i o (]
[N

1000 2000 3000 4000

ADC channel [0db]

2010&%9A118

1040keV :
1925ch@0db
(QE : 0.093)

20699ch@0db

Quantum Yield :

20699/132800
=15.69%(5.0%)

Light Yield to
BC505:
20699/208640

137CS

Number of events

478keV
(661keV |
7 compto
edge)

10

0 1000 2000 3000 4000

ADC channel [0db]

—
o
1=

;'Iv‘% 6OCO

X
£

102" 1N
i b
\"1‘

‘Q .
10 T ' N
ih [
1.04MeV
(1.17MeV /1.33MeV
1 v compton edge)
T Y ‘ lllll [ | 2 )

Number of events
o

0 1000 2000 3000 4000

ADC channel [0db]

BAYEZE 2010FEMFEAE

ZrQ, 50mg in PhCN-POPOP

1040keV :
1525ch@0db
(OE % 0:10)

15250ch@0db

Quantum Yield :
15250/132800
=11.5%(1.1%)

Light Yield to
BC505:
15250/208640
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Response for y—ray from radioactive source
(2) : Quantum yield and light yield for AlQ,

AlQ, in PhCN-POPOP

1026 b

Number of events

(661keVy compton edge)
1
0

137CS

478keV

TR ' AR A
1000 2000 3000 4000

ADC channel [0db]

Number of events

10

o "f
- [

[ W“"’*#r;‘:ﬁ

GOCO

T’“\

1.04MeV
(1.17MeV /1.33MeV
v compton edge)

!
“‘Ll

jt

1000 2000 3000 4000
ADC channel [6db]

2010&%9A118

1040keV :
2025ch@6db

4050ch@0db
(QE : 0.126)

32143ch@0db

Quantum Yield :

32143/132800
=24.2%(17.0%)

478keV:
1885ch@0db
expected :
1861ch

AIQ3 iIn PhCN-bis-MSB

Number of events

Number of events

478keV
(661keVy compton
edge)

v o b v basn o ff
0 1000 2000 5000 4000

ADC channel [0db]

1.04MeV
(1.17MeV /1.33MeV
y compton edge)

1
il I | I N ] l | S - l i
0 1000 2000 3000 4000

ADC channel [6db]

BAYEZE 2010FEMFEAE

1040keV :
1830ch@6db

3660ch@0db

(QE : 0.126)
29048ch@0db
Quantum Yield :

29048/144320
=20.1%(17.0%)

478keV:
1625ch@0db
expected :
1682ch
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"
Response for y—ray from radioactive source

(3) . effect for amount of complex

INnQ5 in PhCN-POPOP InQ; in PhCN + PPO 30mg

S0l A “Co 8109 ®Co
@ K K £
[V N Q
5 S ! \\, InQ; 50mg InQ3 0iRg g, InQ; 50mg |nQ3 50mg
€10 ; 3 ; £10
A L E 1040keV :
T 30ch@oph 1030ch@0db
10 10
1.04MeV 1.04MeV L
(1.17MeV /1 33MeV (L17mey /1 33Mev TR L] |
4 v compton edge) 1 ¥ p ge) Hi“l
bk I | ! Lk | S - ! ) I - I 1. B T ] i
01000 2000 3000 4000 InQ; 100mg 0 1000 2000 3000 4000 InQ; 100mg
ADC channel [6édb] . channe o]
, 1040kev: . 1040keV:
TOE A “Co | LiPB0CH@OHY T’ “Co 1030ch@0db
o , ! _?.; , -: InQ; 100mg
210 ' i i c £10 ' :
§ : ',‘ InQ; 100mg nght Yield : £ | nght Yield :
T A-29% ‘ A ~0%
10 0
1.04MeV I 1.04MeV
oy | e
1 y compton edge) 1 I ‘
| I -] I |- I | I S| I | -
4] 1000 2000 3000 4000 0 1000 2000 3000 4000

ADC channel [6db] ADC channel [0db]
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«E
Response for y—ray from radioactive source

(4): PhCN scintillation light for A > 530nm

FujiFilm SC-48 (A > 530nm  pHCN-POPOP via SC-48
transparency : 92%)

9?—713%?41&9—(21\ % v Cs
- S S0 | 1040keV :

HH \ Wan%a S SSSamu - 1525ch@6db
i ! r&/l ! / i u | T . 10 L 478keV
RERREEEIiriHF | L 3050ch@0cl
| - | !! L] NN | T edge) (QE : 0.10)

T ] | /_ | | ) o '110106' lz'oloé)l 3000 4000

% | l i ‘ | i ADC channel [0db] 30500Ch@0db
_ i | ] . | : -

ST T 1 | | 1 % N co Light yield :
e T N 30500/132800
N %77 // | EEEEN ! T & =23.0% remains
|| | | Jl | | o L | toamev TR
} - ) ' ] - (1.17MeV /1.33 Ml

[ [ | 1| . | | | MeV y compton

e . T i edge)
500nm © 600nm bl

1
0 1000 2000 3000 4000
ADC channel [6db]
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Response for y—ray from radioactive source

(S) : residual light in InQ, luminescence

INQ; 50mg in PhCN-POPORP via
SC-48

ver of events

Number of events
o
[ %]

478keV
(662keV v
i compton edge)

137CS

0 1000 2000 3000 4000
ADC channel [0db]

1.04MeV
(1.17MeV /1.33MeV
y compton edge)

0 1000 2000 3000 4000
ADC channel [0db]

2010&%9A118

1040keV :
1280ch@0db
(QE : 0.093)

13763ch@0db
Light yield :

13763/20699
=66.5%

residual lights in InQ;
luminescence

INQ luminescence
light

POPOP residual
light —

400 500 600 700 [nm]

Most of the loss would be POPOP
residual lights. It is consistent with the
decrease of light yield for InQ; 50mg —
100mg due to absorption of these light.

~10% of PhCN scintillation light remains

BAYEZE 2010FEMFEAE 18



=
Results

liquid scintillator containing tris(8-quinolinolate)
metal complex (MQ,) was made by PhCN as
solvent and PPO100mg / POPOP(bis-MSB) 10mg

INQ; and ZrQ, have photo luminescence for the y
radiation.

Transparency : ~66cm @ 558nm (0.5% dissolution)
Light yield relative to BC505 : 9.9% and 7.3%

Quantum vield : 15.6% / 11.5% (PL: 5.0% / 1.1%)

Next step: modify 8-quinolinolate ligand to add
substituent groups in order to both increase QY and
shorten wavelength or use another complex like 3-
diketone.

2010%9H11H BARYEZE 2010FEMEKRE 19



"
Tris(5-aryl-8-quinollinolate) metal
complex

m Expected light yield
Quantum Yield:

INQ, 0.05 —0.15~0.4
ZrQ, 0.01—0.03~0.37

N “Ec‘w”ﬁhff’”* emission wavelength:
ML _ Y ~530nm for InQ,
':‘I " a OE 0.093—0.126
QE 0.10—0.13
. e 'y HOMOLUMO
complex e |[Mma _I'l.—ﬂ]_' AF (MM '::'E'l' IF NS g4ap |e O
Algs 388 (7.0 x 109 526 0.171 1538 2.570 4~11 times to present
fa 39027 x 10% 490 0533 2050 3.255 _ _
light yield
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"
B-diketone metal complex

m Good solubllity to
organic solvent

R
10~20 wt.%
= Well established rwﬂ.;'u )R’
m Easy synthesis S
m Possible introduce AR SR

substituent groups in
order to move
absorption wavelength

2010%9H11H BARYEZE 2010FEMEKRE
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Backup
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"
Response for y—ray from radioactive source
(6) : Quantum Yield and Light Yield

INnQ; 50mg in PhCN-bisMSB ZrQ4 50mg in PhCN-bisMSB

é WC % : y 137CS
£ | 1040keV : ol My 1040keV :
2 F T 1630ch@0db 2 F 1230ch@0db
= 1" (QE : 0.093) 2 (QE : 0.10)
prbsin
Lo 17527ch@0db 12300ch@0db
1 1

0 1000 2000 3000 4000 0 1000 2000 3000 4000

ADC channel [0db]

GOCO

Number of events

1.04MeV
(1 17MeV /1 33MeV
y compton edge)

0 1000 2000 3000 4000

ADC channel [0db]

2010&%9A118

Quantum Yield :

17527/144320
=12.1%(5.0%)

Light Yield to
BC505:
17527/208640

ADC channel [0db]

60 CO
102
1.04MeV
(1.17MeV /1.33Me
¥y compton edge)
I l
0

Number of events

1000 2000 3000 4000

ADC channel [0db]

BAYEZE 2010FEMFEAE

Quantum Yield :
12300/144320
=8.5%(1.1%)

Light Yield to
BC505:
12300/208640
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"
Photo Luminescence and absorption of PPO

intensity
2
8

PPO emission

excitation : 320nm

xxxxxxxxxxx

P el amink
400 800 600 700 800

wavelength [nm]

P
2 }
G PPO absorption
< —-0.05
]
- 3 iy
£ o1 :
.15
-0.2
0.25
-0.3 I I N T T
200 300 400 B0OO 600 700 800

2010&%9A118

wavelength [nm]

m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance devie : HITACHI
U-3000

Solvent : Benzonitrile (PhCN)
Concentration : 1.0 X 10> mol/L

2,5-Diphenyloxazole
Molecular mass : 221.26

Max. emission wavelength :
368.0nm

Max. absorption wavelength :
309.7nm
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N
PHoto Luminescence and absorption of

POPOP

x 104
3\6000 E —
2 5000 E POPOP emission
(1) .
= r
£ 4000 |
3000 -
2000
1000 | . excitation:346nm
0 B bt i a0 L i bbb i i
200 300 400 500 800 700 800
wavelength [nm]
> °F ‘
C o1 b POPOP absorption
[} L i, T,
= L
£ -02 b
-0.3 -
~ou |
~-0.5 —
-0.6 ST T I T T
200 300 400 BOO 600 700 800

2010&%9A118

wavelength [nm]

m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance devie : HITACHI
U-3000

Solvent : Benzonitrile (PhCN)
Concentration : 1.0 X 10> mol/L

1,4-Bis(5-phenyloxazol-2-
yl)benzene
Molecular mass : 364.40

Max. emission wavelength :
423.6nm

Max. absorption wavelength :
364.1nm
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PHoto Luminescence and absorption of bis-
MSB

m Photo luminescence

Fluorescence device: HORIBA
gk bis-MSB erission FluoroMax-4
: . Absorbance devie : HITACHI
00 | C U-3000
=\ ecutonson Solvent : Benzonitrile (PhCN)
, T g Concentration : 1.0 X 10->mol/L
% o : bis-MSB absorption
1,4-Bis(2-methylstyryl)benzene
Molecular mass ; 310.44
B O Max. emission wavelength :
426.6nm
Max. absorption wavelength :
355.3nm

2010%9H11H BARYEZE 2010FEMEKRE 26
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