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"
Neutrinoless double beta decay

73 emitters with Qzz =2 Mev

T ]
Bpov
Transition Qss (keV)  Abundance (%) (***7h = 100) 0.6} e \
o 7 N
0py 110 2013 12 g / LY
°Ge —"° Se 2040 8 £ /\\ 1
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% 7r —9 Mo 3350 3 /! S
150\l —150 G, 3667 6 1 0:5 I L~y L
43 48 .
Ca Ti 4271 0.2 T+ Ty

[T1°Y(0" ->0%)]* =Gy, (Eo,2)[Mg, [*<m,>2
T,,~a(Mt/AEB) a: abundance M: mass

: meas.time AE: energy res. B: BG rate
Requirement : Low BG, Large target mass, High energy
resolution
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Studied isotopes guemal @v2012
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For future experiments

Isotope Required background level
mass E ] I TTTTu ] T IIIIII I I IIIIIII I I IIIIII| I I Trrn in thE RG'
~10kg 2012 I n QD —
(200 - 400kg Soxe) W | 100 — 1000 cts/yr/ton
~100 kg 2015 i“;-m E 1-10 cts/yr/ton
2
~1000kg  — 0.1-1 cts/yr/ton
€ om .
high energy ]
resolution oo -
0 L1 4 51l 1 1 L8 bl 1 - I_-.
4 /0@2.5|\/|€V 1-:-05NH ﬂ_nlrm 0.001 0.01 {Ill 1

m, eV]
ST Petcov 2009 J. Phys. Conf. Ser. 173 012025 MIN [

http://kds.kek.jp/getFile.py/access?contribld=37&sessionld=16&resld=2&materialld=slides&confld=9151

~tons of target will be needed for next generation detector
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" J
Detector design for Zr in 100ton LS

m Zirconium Complex in Organic liquid Scintillator
(ZICOS)

Assuming 10w.t.% solubility

.‘ | 10

i

10m
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"
Zirconium f3-diketon complex

m Zirconium(lV) m Advantage
acetylacetonate good solubility (over
(Zr(acac),) 10w.t.%) in Anisole

(PhOMe)
[ °H, \ Stable and cheep
_O‘\..Z . Commercial product
\ \ o"')'/ m Disadvantage
CH, 4 Low scintillation light

Molecular weight : 487.66  Y'©'

20134 3H29H BAYEFER F68HEFRKE 6



"
Scontillation Light yield (°°Co) with
respect to concentration of Zr(acac),

Cnergy spectium of ¢ ray {1.25Mev) from “Co

ST — — T T3
Ik !““WWM PPO(1G0mg) and POPOP (10mg) &
E sobsed in Anisole {20mL

' ’JEI - I“}ILW)I -t IZ{.:’."J‘ - I&O:."JI . ‘«'J(‘,’JUI“ uuslllljl;_\lﬂll-ﬂlllgﬂl’siiJlﬂlh;ltvs;;l-‘-*t;gl}[) O mg 3850 3850

ADC cound [channel]

50mg 3175 3138
(1.03X104)

100mg 2800 2651
i Tracacl, 200ma 1 (2 " 05X10_4)

e 200mg 2000 2018
e (4.10X104)

LSS Y TP TRVISSENI | 300mg 1600 1613

(6.15X10%)
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(1.03X1073)

PPO 100mg : 4.52X10“4 mol
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Improve scintillation light yield

m Move absorption peak = How to do it?

to shorter wavelength

ap =

in acetonitrite (CH:CN)

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

Anisole (PhOMe} erission spectra

excitation; L70am 3

v i P
wth ko
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Brontom s
-
Zirconium acetyl acetone

i acetonitrile

{Zr acac.) shsorbance spectra

i ) (40)
wavalength (1)

2,5-Diphenyloxazcle (PPO)
absorbance spectrain
acetonitrile

0 h

20134%3H29H

HAYHE
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Courtesy of Prof. Yoshiyuki Kowada
(Hyoqgo University of Education)
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Absorbance peak for several
substituent groups

m Measured absorbance m Expected absorbance
peaks for several peak for several
substituent groups substituent groups

4.0 i . _ _ | A7 LAF TR ORILREF R l

.OC.H. -CH, -C¢Hs . CH,| |-oH
e ‘ -OC.H,

¥ 1 nm | ocH, |. {-ocH. b [H
+E 350 : :E i
«34 200 34 5 .

Absorbance
N

o 28 i}

250 =

0.0
200 250 300 350 400 450
200 “= . -8 .= .

EERRLEDEEIZHITAEB{E nm 260 280 300 320 "W
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"
Zr B-diketon complex introducing
substituent groups ([3-keto ester complex)

Zr(CH3COCHCOOCH Zr(CH3CCOCHCOO
(CH3)), = Zr(iprac), CH3), = Zr(etac),
mw . 711.92 mw : 665.81

HsC

>7CH3

20134 3H29H HAYEZSE F68REIFRKE 10



Zr 3-keto ester complex

Zr(iprac),+(iprac), s Zr(etac),
state: powder state : dry solid

Synthesized by Prof. Takahiro Guniji (Tokyo University of Science)

Solubility > 10 w.t.% for anisole

2013%3H29H HAYEFSE F68EFERKE 11



"
Absorbance spectra (Solvent effect)

Solution ;: Hexane Solution : acetonitrile

N T T T T
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Absorption peak moved to shorter wavelength
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Absorbance In another solvent

Solution : Diethyl Ether m Solvent effect could
depend on the polarity

B (dielectric const.)
7o e syt Acetonitrile : 37.5
......... e TES Hexane : 1.89
1. Anisole : 4.3

1y \ m Need solution which has
T i T same polarity as anisole
Diethyl ether : 4.33

Zrletac), abso
in diethyl ether
11 1

T~ Still absorption peak
remains around 270nm

20134%3H29H HAYEFSE F68EFERKE 13



" J
Light yield of scintillation

Zr(iprac)s - in anisole Zr(etac), In anisole

Energy spectrum of gammas from “Co Energy spectrum of gammas from “Co

»
] a0 — = 00 —
& PPO 100mg and POFOP 10mg]] g PPO 100mg and POPOP 10mg
& solved in Anisole (20ml) b = solved in Anisole (20mL)
< -
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0 i } 1 [ " L L L B i § 1 H . L , N
a o 230} Floi) Lk 000 SN0 Too L2 Q 00 2000 3000 A 000 S0 7000 B
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w400 - =
= . ] = g
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i) T T T T T T T 4 “ T 3 T T T T T
g . ] £ . 1
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o | .
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200 E
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Same quenting as Zr(acac), was observed
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Requirement of scintillator solvent

m Low polarity (dielectric

const.)
No absorption ~270nm

m Aromatic compounds
luminescence >270nm

m Safety for human body
and environment
m Usual solvent for L.S.

Toluene / Xylene

20134%3H29H HAYEFSE F68EFERKE

Acetic acid 17| 118 1.049 1.3716) 6.15] 12.9| 168
Acetone -95| 56 0.788 1.3587] 20.7] 16.2 2.85
—= = o T —— = o s
nisole -3| 15_4 0.994] 1.577] 4.33] 3; 1.3
Benzene 5| 80 0.879] 1.5011 227 26.2 0
Bromobenzene -31 156 1.495 1.558] 5.17 33.7 1.55
Carbon disulfide -112 45 1.274 7.6295 2.5 21.3 0
Carbon tetrachloride -23] 77 1.594 1.4601 2.24 25.8 0
Chlorobenzene -46) 132 1.106 1.5248 5.62 31.2 1.54
Chloroform -B4 61 1.489 1.4458] 4.81 21 1.15
Cyclohexane 6 81 0.778 1.4262 2.02 27.7 0
Dibutyl ether -98 142 0.769 1.3992 3.1 40.8 1.18
o -Dichlorobenzene -17] 181 1.306 1.5514 9.93 35.9 2.27
1,2-Dichloroethane -36 84 1.253 1.4448 10.36 21 1.86|
Dichloromethane -89 40| 1.320] 1.4241 8.93 16| 1.59]
Diethylamine -50) 56 0.707] 1.3864 3.6 24.3 0.92
Diethyl ether -117] 35 0.713] 1.3524 4.33 22.1 1.3
1,2-Dimethoxyethane -68| 85 0.863 1.3796 7.2 24.1 1.71
N N -Dimethylacetamide -20) 166 0.937 1.4384 37.8 24.2 3.72
NN -Dimethylformamide -60 152 0.945 1.4305 36.7 19.9 3.86
Dimethyl sulfoxide 19 189 1.096 1.4783 46.7 20.1 3.9
1,4-Dioxane 12 101 1.034 1.4224 225 21.6 0.45
Ethanol -114 78 0.789 1.3614 24.5 12.8 1.69)
Ethyl acetate -84 77 0.901 1.3724 6.02 22.3 1.88]
Ethyl benzoate -35 213 1.05 1.5052 6.02 42.5 2
Formamide 3 211 1.133 1.4475 111 10.6 3.37
Hexamethylphosphoramide 7 235 1.027 1.4588 30 47.7 5.54
Isopropyl alcohol -90 82 0.786 1.3772 17.9 17.5) 1.66]
Methanol -98 65 0.791 1.3284 32.7 8.2 1.7
2-Methyl-2-propanol 26 82 0.786 1.3877 10.9 22.2 1.66|
Nitrobenzene 6 211 1.204 1.5562 34.82 32.7 4.02
Nitromethane -28 101 1.137 1.3817 35.87 12.5) 3.54
[Triethylamine -T115 SU) 0.7.20] 1.407 2.42 33.1
Trifluoroacetic acid -15 72 1.489 1.285 8.55 13.7
2,2 2-Trifluoroethanol -44 77 1.384 1.291 8.55 12.4
0| 100 0908 1332 20 1 2 7]
t -Xylene -25 144 0.88 1.5054 2.57 35.8
15



"
Zirconium complex with luminescence

m Zr-ODZ complex m Photo luminescence

400

380

360

340

320

300

280

Excitation /nm

260

240

220

200

T T | !
300 350 400 450 500 550 600

m.w. = 1040.18 Emission /nm

> Solvent : Acetonitrile
»Concentration : 3.0xX 10> mol/L

20134 3H29H HAYEZSE F68REIFRKE 16



"
Emission and absorption of Zr(ODZ),

20134%3H29H

°* Zr(ODZy+ emission and absorption spectra

N
-,
; =\,
e e, |
0 T oo b v L™ Lo 0w b w0 Ly g w Ban s B Teened
300 550 HO!
wavelength {nm)
D23 o

""""""""""" T L L R
e b

‘ Absorblance

||||||||||||||||||||||||||||||||||||||||

8000 £

6000 £

Emission @ 241 nm_i

Zr(0ODZ}4 absobance spectra_é
in Acetonitrile E

Q0 500 550 £00
acetonitrile WaVE|ength (n m)

HAYHE

 Emission wavelength :
430nm

PMT sensitive
* Absorption wavelength:
27/0nm and 320nm

different from excitation W.L.
e Solvent: PhCN

(Benzonitrile)
o Solubility : ~5w.t.%

2 FE68RIERNKE 17



"
Response for y-irradiation

Energy spectrum of gammas from “ Co

= L L B LR BN B AL AL R BLELELS-
% ; ;_ ""-n—w.._,.——v.,-—'sd—._.v-,.--.vm..w;m.wmwm".ﬁﬂv .;
T . | PPO100mg LT
A POPOP 10mg rht
......................................
v ” ADC cha nne\m
mg and POP: mg in P
LN L B T UL I B T T
% th“"\-.w.w‘_. ) ]
7 °F T "‘“w-h k
‘g w e PPO100mg m,lm 1
S b g 'mlmm
2000 EDDO 4000
ADCchanne\
PPC100me in PN
oAU S B S B B
e Zr(ODZ)HOOmg
e F b PPO 100mg %
g’ 3 '!"] POPOP 10mg
................ IﬂMMH,{ i lj{lHll
OO ADC channe\ou
Z1[GN7)4 100mg P g in PhCN
Lol T T LI LN LR B
% ; r . Zr(ODZ)UOOmg 3
5 E "y PPO 100mg 3
I} }
KR TN (1SR YY S LT XA L
ol 500 1000 1500 2000 2500 3000 WOO
ADC(hannei

No. of events

CE

T T
Zr(ODZ)MOOng

Bog oo e
10600 15060 2000 2500

..... Ll
Q 500

20134%3H29H

3000

3500 4000
ADC channel

m Most of emission light from
PhCN was not used for the
emission of Zr(ODZ2),

m Secondary excitation of
~340nm was used for the
emission of Zr(ODZ2),

m Estimated Quantum yield
was obtained ~30% at first
excitation of ~240nm.

Need another solvent
which has shorter emission
wavelength than PhCN.

HAYEZS F68RIFERKE 18



" A
Summary

m High solubility of Zr 3-keto ester in Anisole
(>~10w.t.%) for ZICOS detector was achieved.

m Confirmed absorption peak moves to shorter

wavelength (275nm — 245nm) by introducing
substituent groups.

m Observed scintillation light yield decreased In
proportion to the concentration of Zr 3-keto ester due
to remaining absorption @ 280nm. Need low
polarity solvent.

m Quantum yield of Zr(ODZ), was achieved ~30%, but
It was not used for scintillator due to no overlap
between emission of solvent and absorption of ODZ.

20134 3H29H BAYEFER F68HEFRKE 19
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" A
Neutrinoless double beta decay using

liguid scintillator

m Experimental limits for = Requirement for

neutrino mass <m,>:50~100meV

The experiments from the -
i AExb point hlgh energy

resolution
4% @2.5MeV

low background rate
0.01count kgt y?

oo ton scale of target
AE FWHM [keV]

| e |
—
>
~
Q
[«
o
-
o
R,
~—
(o))
X
>
Q)
g
~—
~
w0
i+
<
o |
o
Q
| S}
e

Lig. Scintillator Iis easy to scale up target volume

2013%3H29H BAYEFER F68HEFRKE 21



"
What's problem

. Absorption spectra of

Zr(acac),

PALELES o

20134%3H29H

m Emission peak of

""""""" A O i s anisole was observed
around 295nm.
m Absorption peak of
e Zr(acac), was observed
N around 270nm.
---------------------------------- Scintillation light from
2,5-Diphenyloxazole (PPO) PhOMe mlght be
,,,,,,,,,,,,,,,,,,,,,, absorbed by Zr(acac),
HAYEESE F6SHEIFERKE 22



" A
Simple expectation for quenting

m Assuming to same cross section
for light

nght yleld — LO X PPO Zracac O
Anisole PPO

S1Nppo -

PPO Zr{acac),

61 Nppo + G2Nz Q
L, : Light yield of anisole + = (acac Auorescence
PPO+POPOP Q = Q
Nppo @nd Nz, : No. of

molecular for PPO and Zr(acac),
c,,0, . absorbance of PPO and Zr(acac),

20134 3H29H HAYEZSE F68REIFRKE



"
What's problem

m Absorption spectra of
In(acac); (Indium
acetyl acetone) was , os

overlapped with the

emission spectra from . y oW

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

==e=ecee Argsole amission (exc. 271 nm)
—— BP0 absorbance

— BP0 amission

In{acac) , Bbsorbance

™\
F\

_“‘

wavelength [nm]

Same overlap of the emission and the
absorption spectrum would be occurred
even If different metal (Zr) was used.

20134 3H29H HAYEZSE F68REIFRKE

.l (IS R iy g S L e SR N
260 280 300 320 340 360 380 400 420 440
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" J
Scintillation light vield (*3/Cs) with

respect to concentration of Zr(acac),

Erergy spectrum of y ray (66 2keV) from " Cs

LIS B o o e S B B o BRI 2
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W T T T T T T T T T T T
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I I P S
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HAYHE
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68EIERKE
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" A
Photo Luminescence and absorption of PPO

intensity
&
8

PREETI BTSRRI i 00 SRR YR Y0Y N S S S S T T T

PPO emission

excitation : 320nm

400 500 600 700 800

wavelength [nm]

>
et .
G PPO absorption
< -0.05
U
g
£ -0

-3.15

0.2

-0.25 B

-0.3 N P P S B ST

200 300 400 500 600 700 800

20134%3H29H

wavelength [nm]

HAYEZRE 5

m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance device : 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

68EIFRK= 26



N
PHoto Luminescence and absorption of

POPOP

x 104
?:6000 . —
7 5000 £ POPOP emission
(1) L.
= r
£ 4000 B
3000
2000 F
1000 f- excitation : 346nm
[3 Y T U NV SO W TR S o bbbt Lt
200 300 400 500 600 700 800
wavelength [nm]
. o]
= r .
2 o1 B POPOP absorption
Q C
= o
£ -02
-0.3 |-
—0a |
-0.5 F
_0.6'...1!....I,(.:!..,.I,x.xl..,x
200 300 400 50O 600 700 800

20134%3H29H

wavelength [nm]

HAYEZRE 5

m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance device : HITACHI
U-3000

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

1,4-Bis(5-phenyloxazol-2-
yhbenzene
Molecular mass : 364.40

Max. emission wavelength :
423.6nm

Max. absorption wavelength :
364.1nm

68EIFRK= 27



N
PHoto Luminescence and absorption of bis-

MSB

intensity
o
Q
(=]
(=]

L
o
o
(s
T T T T T

bis-MSB emission

: N excitation : 340nm
P BRI B tae =S |

(=]

I
300

YT SUPR ST TN N T SO )
400 500 600 700 800
wavelength [nm]

intensity
S
l

o
(e}
[RA kA L AR AR RLL

bis-MSB absorption

20134%3H29H

400 500 600 700 800
wavelength [nm]

HAYEZRE 5

m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance device : HITACHI
U-3000

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

1,4-Bis(2-methylstyryl)benzene
Molecular mass : 310.44

Max. emission wavelength :
426.6nm

Max. absorption wavelength :
355.3nm

68EIFRK= 28



Response for y—ray for tetrakis 8-

guinolinolate Zr complex loaded scintillator

m Tetrakis (8-quinolinolate)
Zirconium complex (ZrQ,)

2013%3H29H

0 1000 2000 3000 4000
ADC channe | [0db]

60

i Co
1

1

1.04MeV

(1.17MeV /1.33MeV

vy compton edge)
T T ‘ lllll ; L.l

0

1bo0 2000 3000 4000
ADC channel [0db]

HAYEZSE F68REIFRKE

ZrQ, 50mg in PhCN-POPOP

Quantum
Yield=1.1%
obtained by
optical method

Light Yield to
BC505:

29
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