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A5 emitters with Qgz =2 Mev

Transition Qss (keV)  Abundance (%) (**Th = 100)

py 110 cy 2013 12
6 Ge —70 Se 2040

1246, 124 T 2288

136 Xo 136 B, 2479

1B0Te 130 Xe 2533

1164 116 Gp 2802
826 .82 K 2005

0.5
(TI + Tz )IQﬂB

[112(0" ->07)]" =Gy, (Eg.Z) | Mgy | <M > /m?
T, ,,~a(Mt/AE - B) a: abundance  M: target mass

t: measuring time AE: energy resolution B: BG rate

Requirement : Low BG, Large target mass, High energy

resolution
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Zirconium Complex in Organic Liguid
Scintillator for neutrinoless double beta
decay (ZICOS exerimen’r

Goals for development of LS \
(1) > 10wt.% solubility
(2) 3.5% at 3.35MeV of energy
resolution, if ZICOS have PMTs
with 40% photo coverage and
long attenuation length (~15m)

LS surrounding inner
balloon to veto
external BG

Zirconium loaded 113 tons LS
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Zirconium Complex in Organic Liguid
Scintillator for neutrinoless double beta
decay (ZICOS) experiment

Goals for development of LS : P

(1) > 10wt.% solubility e

(2) 3.5% at 3.35MeV of energy { P
resolution, if ZICOS have PMTs iy |/
with 40% photo coverage and
long attenuation length (~15m)

LS surrounding inner
balloon to veto
external BG

Zirconium loaded 113 tons LS 7
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Zr(CH,COCHCOOCH(CH.,),), Zr(CH;COCHCOOCH,CH,),
= Zr(iprac), = Zr(etac),
mw : 663.87 mw : 607.76

5

Synthesized b

Prof. T.Guny

Absorption wavelength could be shorten.
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of Zirconium P-keto ester
complex for anisole

> 70g/L of Zirconium could be solved in anisole
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—— emisson of anisole

absorption of
Zr(acac)s
absorption of
Zr(ipcac)s
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wavelength [nm]
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Absorption peaks of
Zr(iprac), was found
around at 278nm.

Peak moved only 10nm.

Overlap region for the
absorption spectrum 0/
Zr(lprac), became

smaller than that o
Zr(acac),
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Ight vield calculated b

L, : Light yield of &
Nopo - Number of PPO molecula
N, : Number Zr complex molecular in mole
o, . absorbance of PPO (mol+)

o, . absorbance of Zr complex (mol+)
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Zx(iprac)4

Zr(etac)s

Zr(acac)4

Zr(iprac)4

Zr(etac)4

Energy resolution at 1.03 MeV election [%]
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Zr(ipcac), and Zr(etac), are almost same performance.
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Light vield calculated by qguenchin

L, : Light yield of anisole

Nypo - Number of PPO molecular in mole
N_. : Number Zr complex molecular in mole
o, . absorbance of PPO (mol?)

o, . absorbance of Zr complex (mol+) /
should help recovering the light yield.

DPO
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Zr(iprac), in several conditions of PPO concentration.

4 PPO 05w Light yield decreased
e as calculated formula.
However, PPO helps
actually the light yield
recovering.

48.7x7.1% light yield
to standard cocktall
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was obtained at
10wt.% concentration.

6.0 8.0 10.0
concentration [wt.%]
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Zr(lprac)4 In several conditions of PPO concentration

o PPO helps again the
T o energy resolution at

10wt.% concentration
to be 35% — 13%.
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eIl | | Achieved our Ini /@a“
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of ZICOS experiment

Results from NEMO-3 : T,,,°Y > €
<m,> 7.2 -10.8 eV (g,=1.25,9,,=1.

(Ref: M.B.Kauer Doctor thesis for UCL(2010))

Assuming 3m radius, and same Eres, BG rate and
mes.time as KamLAND-Zen (T,,% > 1.9 X 10y )

(Ref: I.Shimizu arXiv:1409.0077 (2014))

Volume: 113ton 10wt.% Zr(iprac), = 12.6ton
Includes 1.73ton of Zr
iIncludes 51.9kg of °°Zr (0.23 times 13°Xe 320kQ)

Sensitivity of ZICOS experiment :

T,,%">4.4 Xx10%y ; <m > <0.3-0.5eV
(g,=1.25,9,,=1.11,QRPA)
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To reach for <m,><0.leV

<m,>< 0.09 — 0.11 eV

2) To reach for <m > ~0.03eV

- need 5tons of 96Zr
- 6m radius + 30wt.% Zr(iprac), +%°Zr enrlched t
10% - 15%

Need KamLAND balloon or SNO+ acrylic vessel
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>
complex staye
emission of anisole than zirconi

» Liguid scinftillator with 10 wt.% concenftration of
Ir(iprac), has 48.7+£7.1% for light yield to BC505 and
4.710.8% at 2.5MeV (assuming 40% photo coverage
and 15m attenuation length) for energy resolution, sc/
that we have really achieved ouvr initial goal !

» Sensitivity of ZICOS experiment : T, ,% > 4.4 X1 ;
<m,> <0.3-0.5eV (g,=1.25,g,,,=1.11,QRPA
Gssummg BG rate of KomLAN Zen
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Synthesis of Tetrakis(diethyl malonato)

/iIrconium

/4
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emission of anisole

in acetonitrile

absorption of

Zr(iprac)4

in 2-propanol

absorption of . .
Zr(deml)s 5
in 2-propanol -
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peak wavelength : 265.2nm
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Zr(iprac)4
Zr(deml)4
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Energy resolution at 1.03MeV electron
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Zr(deml), has a little better performance than Zr(iprac),
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BACKUP
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emission of anisole
absorption of ppo

= gmission of ppo

Smpiialiel PPO absorbed most
of emission lights from
anisole.
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Effectively the energy

was transferred to the
secondary scintillator.

450 500 550
wavelength[nm]
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ATTENUATION LENGTH OF ANISOLE

Attaniiatinn 1017304'1’\ nf Qnicnlo

I b ~arie b~ gt are oyl . O g
g 5% R v MBI obtained as ~6m fc
: 4 s e f gl current liguid scintillator.

attenuation length [m]

Attenuation length will

be recovered ~15m by
same purification
method as RENOQAuK

e 'egth . A|203_ Ref: H.Grubbs et al.
Org.Mat. 1996 15141518-1520
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Attenuation length of anisole
as a function of wavelength

Attenuation length of
light from POPOP was
obtained as ~6m. It is
almost equivalent with

the detector size.
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Mar 27th, 2014
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nd
N

Siema 1611 | & ol ~280nm peak disappeared
el faesll and a precipitate appeared.

7.38%10°mol/l
7.18%10"°mol/l

300 400 400
wavelength{nm] wavelength{nm]

Absorbance
Absorbance

4 ;
o U -

)

Mean 243.2 ' Mean 243.2
Sigma 16.24 Sigma 17.98

o a2 el Most of solved Zr atom was
LN N SR OSSN found in the precipitate, and

B no Zr atom in the residual
solvent by ICP - Atomic

Emission Spectrome

Absorbance
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Mean 242.4 Mean 242.8
Sigma 15.90 Sigma 16.31

Zr(etac),in

Zr(etac), in hexane
diethylether

9.05%10mol/l

Absorbance
Absorbance

300 400
wavelength{nm] wavelength]nm]
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Absorbance
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Mean 288.7
Sigma 19.94

Zr(acac), in
acetonitrile
.03*10“mol/l

300 400
wavelength[nm]

Zr(iprac), in
acetonitrile
1.13*10*mol/l

wavelength{nm]

Mean 276.7
Sigma 14.53

Zr(etac), in
acetonitrile
1.32%10*mol/l

300 400
wavelength[nm]

24 A Ak

F& FOEERKE

Absorbance
O = N W A

Absorbance

Absorbance

Mean 290.2
Sigma 38.20

Zr(acac) A in
propanol
1.44%10"*mol/l
300 400
wavelength[nm]

Mean 280.7
Sigma 13.52

Zr(iprac), in
propanol
8.28%10°mol/l

300 400
wavelength[{nm]

Mean 280.3
Sigma 13.38

Zr(etac), in
propanol
9.87*10%mol/l
300 400
wavelength[nm]

They are stable and quite
transparent.

Solved Zr atoms were
found In every region.

~280nm peak should

be due to Zr(iprac), and
Zr(etac),.
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v x-—7 A Zr(iprac), 8.3mg/20mL
A 2014.11.11 No.1075
WRk264F11 A 28 B
2014.10.17 Zr(iprac), 5.9mg
P b7 e No.980

Zass/— Zr(iprac), (1.5/20)
E5mL

2= 11,3 )= A20mL)+Zr(iprac); (1.5mg)
2013.11.22 No.497

-7 =+ Zr(iprac), Wi Bl E
2013.11.22 No.49775 No.b2h

7 =x— Zrliprac), 2.0/20mL
No.673( )5mL

JEpf264F12 8 10 H
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Compton spectra for each liquid scintillator
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IS almost same quality.

number of events

1000 2000 3000 4000 ‘ 7000 8000
ADC channel
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Standard cocktail
Mean 4687.0

Peak values decreased
e as a function of the

" concentration of

. Zr(lprac),.

Number of Events
° 3

Number of Events

Mean 1899.0
Sigma 415.6

- Energy resolutions are
smerenell  2lSO getting worth as a /

)
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Numb
(=}

of Events

Mean 968.5

e function of the
| : concentration of
Zr(iprac),.

Number

Number of Events
(=3
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Standard cocktail
Mean 4687.0
Sigma 316.8

| Peak values decreased
i T ‘ :
0 T000 2000 3000 1000 5000 6000 aS a fu n Ctl O n Of th e

ADC channel

concentration of
Zr(etac),.

Sigma 466.8

1000 2000 3000 4000 5000 6000

ADC channel

Zr(etac)s 3.0wt. %

Energy resolutions are
also getting worth as a/

function of the
concentration of
Zr(etac),.

o L N H h h
0 1000 2000 3000 4000 5000 6000
ADC channel
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Zr(iprac)s 6.3wt.%
PPO 1.5wt.%

PPO helps recovering the
light yield and the energy
resolution.

N
1000 2000 3000 4000 5000 6000

ADC channel

Zr@prac)s 10.0wt. %
PPO 4.8wt.%

Confirmed our assumptiga/

and obtained optimized
real cocktail (PPO 5
POPOP 0.5wt.%)

-
2000 : 5000 6000
ADC channel
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BACK SCATTERING METHOD

Pulse height distribution of LS using BS method
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4000 5000 6000
ADC channel
Energy distribution of BS gammas with Nal
Y/ndf 1265 / 8
Constant 54.08
Mean 223.2
Sigma 15.83

calculated energy : 221keV

Number of events

300 400 500
observed energy [keV]

Liquid scintilator
/ ~  Single peak could b&u<ed
PMT

)
p—

even in liquid scintillator.
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Generated point in the vial

P

(R PN PN AN

Light guide

\

R

9.3% of photon
was detected by PMT

Liquid scintillator

-20 -60
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R R e L SIS

Assuming 3m radius

D S balloon and 5m radius

vertex position in baloon gﬁc;t}?:‘?;ﬁval position Of tank Wlth 15m
attenuation length of

distance between vertex attenuation of photn

andarrivalpoirjt } in ZICOS detector anISOIe, the photon
attenuation will be

0.72 In average.

average : 5.1lm

3 10 5 . 0.7 0.8 0.9

distance [m] exp(-distance|m]/15.0[m])
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Solubility of PPO in anisole with 10wt.%
concentration of Zr(iprac),

V.V'

20 wt.% of Zyfprac),
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NTS

Isotope
mass l: L] I llllll' 1 I Illllll I I lllllll 1 1 lllllll I L LLA

~10kg 2012 I :
(200 — 400kg 136Xe) W [

Required background level
in the ROI

100 - 1000 cts/yr/ton

~100kg 2015 [olf 1-10 cts/yr/ton

~ 1000 kg 0,1 -1 cts/yr/ton

high energy

resolution Fom F.Piguemal

Ll (i A ERTT £ 1 o1 a1l
0 1e-05 0.0001 0.001 0.01 ; 1
4 A) @ 2 . 5 M e\s/T Petcov 2008 J. Phys.: Conf. Ser. 173 012025 mMIN [eV] @Vz O 1 2

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

~tons of target will be necessary for next generation detector
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