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Studied isotopes

COBRA CANDLES
CdWO,

GERDA SNO+
MAJORANA Borexino
SuperNEMO
LUCIFER

A dream ?

KamLAND-Zen
XO
CANDLES
SuperNEMO
ZnMoO,
AMoRE
perNEMO
CUORE
Borexino




33 emitters with Qgz =2 Mev

Transition Qss (keV) Abundance (%) (***7h = 100)

Wpy 110 cg 2013 12
6 Ge —'® Se 2040

1246, 124 To 2288

136 X 136 B 2479

130T, 130 X 2533

1164 116 Gp 2802
82Ge —‘8 Kr 2995

0.5
(TI + Tz )IQﬂB

[T]/QOV(O+ _>O+)]_] :GOV(EO'Z) | MOV | 2<mv>2
T; o~a(Mt/AEB) a: abundance M: target mass

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

Requirement : Low BG, Large target mass, High energy

resolution




LIRCONIUM COMPLEX IN ORGANIC LIQUID
SCINTILLATOR FOR DOUBLE BETA DECAY
EXPERIMENT (ZICOS EXPERIMENT

Goals \
(1) Over 10w.t.% solubility | _ D\,

(2) 60% light yield to BC505
(3) 4% at 2.5MeV energy-resolution 40% photo
coverage

Water shield surrounding
Inner balloon to veto y’s

. ‘
i
) | %

Zirconium loaded 100 tons LS
(300kg 2°Zr assuming10% enrich)



MW: 487.66

TS » Low scintillation light
= yield due to overlap

the absorption of
ligand and emissi
anisole.

260 280 300 320 340 360 380 400 420 440
wavelength [nm]



LIGHT YIELD AS A CONCENTRATION OF
ZIRCONIUM ACETYLACETONATE

Cneray specirum of ray (662Ke) from " Cs concentration | Observe | Expected
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Zr(CH,COCHCOOCH(CHs,),), Zr(CH;COCHCOOCH,CH,),
= Zr(iprac), = Zr(etac),
mw : 663.87 mw : 607.76

Expected shorter absorption wavelength




SYNTHESIZE OF ZIRCONIUM BETA-KETO ESTER
COMPLEX

f"'
om0

Svynthesized by Prof. Takahiro Gunji (Tokyo University of Sciencg)

Solubility > 10 w.t.% for anisole




arbitrary scale

arbitrary scale

Absorption spectra of isopropyl acetoacetate and
emission spectrum of anisole in hexine

—— emission (anisole)

absorption (iprac)

350 400 450
wavelength [nm]

—— emission (anisole)

absorption (iprac)
x 10

350 400 450
wavelength [nm]

Absorption tail of 3-keto
ester ligands slightly
overlapped with the
region of the emission of

anisole. /



Zriipracis O.w.t.%

2000 4000 6000
ADC Channel

4000 6000
ADC Channel

0
0

0
0

Zr(etac)s O.w.t.% nght yleld decreased
as increasing the

- concentration of the

ADC Channel

complex even though
small overlapping
between the
sl absorption of ligand
and the emission o
anisole .

Zr{etac)s T.w.t%

Zrietacis 5.w.t%

2000 4000 6000
ADC Channel



BACK SCATTERING METHOD

Pulse height distribution of LS using BS method

o

Number of events

1000 2000 3000 4000 5000 6000
ADC channel
Energy distribution of BS gammas with Nal
X/ndf 1265 / 8
Constant 54.08
Mean 223.2
Sigma 15.83

calculated energy : 221keV

Number of events

[\]

100 200 300 400 500
observed energy [keV]

*‘
=

W— Single peak could b&téed
even In liquid scintillator.
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Concentration dependence of light yield

: . m Zr(acag): |

: ., Zr(lprac)4 Sample 1
. o Zr(ipraos *amplec)
V 1p_rac (Ilgand’)
D Jprac (hgand) BS

6.0 8.0 10.0
concentration [w.t.%]

Light yield of Zr(iprac),
even with small bump
recovered about double
compared with Zr(acac),.

Light yield at 10w.t.%
concentration was
almost 40% to BC505

(= standard cocktall) .
It is slightly smaller
value than our goal...




Concentration dependence of energy resolution Photo coverage : ~8.5%
(see explanation slide)
Assuming 40% of photo
coverage, the energy
resolution will recover

6.5% @ 1MeV =
for 10 w.t.%

concentration.
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with PPO (160mg) and POPQP (10mg)

o
o

They almost achieved

6.0 8.0 10.0
concentration [w.t.%]

to our initial goal!.




Zr(CH;CH,OCOCHCOOCH,CHS,),
= Zr(deml), mw : 727.87

shorter wavelength (~210nm)

arbitrary scale

Absorption spectrum of diethyl malonato ligand

—— emission (anisole)

------- absorption (deml)

measured in hexane

350 100 150

wavelength [nm]

measured in toluene

400 450
wavelength [nm]



Scintillation light yield for several ligands
anisole 20mL +PPO(100mg) + POPOP(10mg)

Ly
P M o o

1000 2000 3000 40 5000 6000
ADC channel

Zr(acac)s 1053mg (1 w.t.%)

4000 5000 6000
ADC channel

iprac 1250mg (6.7w.t.% equiv.)

1000 2000 4000 6000 6000
ADC channel

etac 1124mg (6.2 w.t.% equiv.)

3000 4000 5000 GOIOO

ADC channe
deml 1383mg (7.3 w.t.% equiv.)

Perfect!

0 1000 2000 3000 4000 5000 6000
ADC channel

o
50 Ih\MM'*'&'&LMW‘,q'ff,h‘\iiﬂ"l‘ﬁ‘!"h‘.'ﬁ

0

No quenching due to
overlap between the
absorption of ligand and
the emission of anisole
should be occurred.

Zr(deml), will be an
ultimate complex if the

solubllity could be over
10w.t.% for anisole




wavelength (275nm —
ester substituent groups.

» Succeeded anisole based liguid scintillator with 10
w.t.% concentration of Zr(iprac), which has both 40%
for light yield to BC505 and 4.1%@2.5MeV (assuming
40% photo coverage) for energy resolution, so that /
they almost achieved our initial goal !

» To improve light yield (and also energy resolution)
shall move the absorption peak around 210nm
Lr(deml), “tetrakis (diethyl malonato) zirconiu




BACKUP




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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arbitrary scale

Absorption spectra of zirconium complex and
emission spectrum of anisole in hexine

emission (anisole)
------- absorption

emission (anisole)
absorption
Zr(iprac)4
400 450

wavelength [nm]

emission (anisoke)
------- absorption

Zr(etac)4

400 450
wavelength [nm]

Absorption peaks of
zirconium B-keto ester
complex were found
around at 245nm.

Also small bump was /
found around 280nm
due to impurities whj

might be made b
vapor.




Absorbance of Zr(iprac): complex

@
o

measured on May 9

g

measured on Aug.21
for same complex

absorbance

350 400 450
wavelength [nm]

measured on May 9

measured on Aug.21
for same sample
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300 350 400 450
wavelength [nm]

No bump appeared for
Initial complex.

Small bump might be

made by vapor in the air,
because no bump was
found for complex sto
In solvent.




Absorbance spectrum of Zr(iprac)+ for various position
Diethyl Ether

first day (1)

after 8 days (4)

after 8 days (3) “ after 8 days (2)

400 450
wavelength [nm]

after 8 days (2)

400 450
wavelength [nm]

Small bump disappeared
after ~ 1 week.

These could be some

iImpurities of Zr complex
and they precipitated o
bottom of the vial.
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absorbance

Absorption spectra of zirconium complex in hexane

measured on first day
measured on eighth day
Zr(acac)4

400 450
wavelength [nm]

- measured on first day
measured on eighth day
Zr(iprac)4

400 450
wavelength [nm]

measured on first day
measured on eighth day

Zr(etac)4

400 450
wavelength [nm}

Small bump disappeared
after ~ 1 week.

It could be explained by
iImpurities of Zr complex,
and they should be

precipitated on bottom
the vial.

(see explanatio



Absorption spectra of zirconium complex in anisole

- measured on first day
LIl measured on eighth day

Zr(acac)+

400 450
wavelength [nm]

measured on first day
measured on eighth day

Zr(iprac)s
400 45
wavelength [nm]

- measured on first day
measured on eighth day

Zr(etac)4

400 450
wavelength [nm]

Small bump around
280nm in anisole did not
disappear even after ~ 1
week.

Impurities might be
dissolved in anisole...

We have to purify the

complex by using such
as sublimation.




absorbance
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Absorption spectra for several solvent

Zr(iprac)s in Diethyl ether

- measured on first day

measured on eighth day

400 450
wavelength [nm]

Zr(iprac)s in dioxane
measured on first day
measured on eighth day

400 450
wavelength [nm]
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Absorption spectra of complex and ligand in toluene

Zr(acac)4
acac

400 45
wavelength [nm]

. Zr(iprac)s
iprac

400 15
wavelength [nm]

Zr(etac)4
etac

400 45
wavelength [nm]




Isopropyl Acetylacetato
0 w.t.% equivalent

2000 4000 6000
ADC Channel

Isopropyl /licetylacetato
0.97 w.t.% equivalent

L5
2000 4000 6000
ADC Channel

Isopropyl Acetylacetato
4.83 w.t.% equivalent

2000 4000 6000
ADC Channel

0
0

Etyhyl Acetylacetato
0 w.t.% equivalent

sl

2000 4000 6000
ADC Channel

Etyhyl Acetylacetato
0.93 w.t.% equivalent

2000 4000 6000
ADC Channel

Etyhyl Acetylacetato
4.67 w.t.% equivalent

2000 4000 6000
ADC Channel

Light yield recovered
about 50% compared
to the Zr-keto ester
complex due to vanish
the small bump.

However, a quenchin
occurred due to the
absorption tail.




Scintillation light was
guided to PMT via the
acrylic light guide.
From the computer
simulation, the solid

angle was obtained/a%
8.5% for 4r area.




Scintillation light was
guided to PMT via the
acrylic light guide.
From the computer
simulation, the solid

angle was obtained/a%
8.5% for 4r area.




Light vield calculation

opo - NO. of PPO molecular

N, : No. of complex molecular
c,. absorbance of PPO /

G, . absorbance of complex /



260 280 300 320 340 360 380 400 420 440
wavelength [nm]

Same overlap between the emission
and the absorption could be occurred
even If different metal (Zr) was used.
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PPO emission

excitation : 320nm

"800 700 800
wavelength [nm]

PPO absorption

600 700 800
wavelength [nm]
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POPOP emission

excitation : 346nm

700 800
wavelength [nm]

POPOP absorption

600 700 800
wavelength [nm]




intensi

>
k=4
%)
o=
@
s}
o

=]

bis-MSB emission

excitation : 340nm

00 700 800
wavelength [nm]

bis-MSB absorption

600 700 800
wavelength [nm]




Isotope
mass l: ' I Illllll 1 I Illlll' 1 I lllllll

~10kg 2012 I 5
(200 — 400kg 136Xe) W [

Required background level
in the ROI

100 — 1000 cts/yr/ton

~100kg 2015 [olf 1-10 cts/yr/ton
3
~ 1000 kg — 0,1 -1 cts/yr/ton
£
high energy
resolution  [xm F.Piguemal

sl [ AR R £ 1 o1 a1l
0 1e-05 0.0001 0.001 001 ; 1
4 A) @ 2 . 5 M e\{r Petcov 2008 J. Phys.: Conf. Ser. 173 012025 mMIN [eV] @V 2 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



