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"
Neutrinoless double beta decay

33 emitters with Qs >2 Mev —
BpOv
Transition Qss (keV) Abundance (%) (**7h = 100) 0.6} PN \
« / ~
10py 110 ¢y 2013 12 £ / N
°Ge —"° Se 2040 8 = /'\\ N
1245, 124 T, 2288 6 : 04} Fi pR2v A
136Xe 136 By 2479 9 3 / AN
1307, 130 X 2533 34 :’I AN
116 C4 116 Gp 2802 7 \
8260 .82 Ky 2095 9 02r / AN
1000/ 10 R, 3034 10 7 N
%Zr —% Mo 3350 3 / s
150 N —150 Sy 3667 6 N T Ame 0
48 48 - -
Ca Ti 4271 0.2 T+ Qg

[T1/20V(O+ _>O+)]-1 :GOV(EO’Z)IMOV|2<mV>2
T,,~a(Mt/AEB) a: abundance M: mass

i meas.time AE: energy res. B: BG rate

Requirement ;. Low BG, Large target mass, High energy
resolution
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For future experiments

Isotope Required background level
mass l§ 1] 1 lllllll 1 I lllllll 1 1] IIIHII 1 1 lllllll 1] T 171 in the Rol
~ B D
o }3 gg,kg 136())(1!)2 I : Q 100 — 1000 cts/yr/ton

1-10 cts/yr/ton

~100kg 2015 [oit

>

~ 1000 kg — 0,1 -1 cts/yr/ton
E 0.01 —E

high energy

resolution 0.001
4% @2.5MeV

m, eV]
S T Petcov 2009 J. Phys.: Conf. Ser. 173 012025 MIN

L nnl [ [ NN 1114
1e-05 0.0001 0.001 0.01 0.1 1

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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Future experiments for Neutrinoless

double beta decay

m EXxperimental requirement
for BG rate and AE

The experiments from the
AExb point of view HE—
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AE pywim [keV]

m To achive m, <100meV

high energy
resolution
4% @2.5MeV

low background rate
0.01count kgt y?

ton scale of target

Lig. Scintillator is easy to scale up target volume
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Studied isotopes

COBRA |

CANDLES |
GERDA

SNO+
MAJORANA
SuperNEMO
LUCIFER

A dream ?
KamLAND-Zen
X
CANDLES

SuperNEMO

ZnMoO, AMoRE

AMoRE SNO+
SuperNEMO

CUORE MTD
Borexino

May 24th, 2013 MEMERRR




Design Concepts of CANDLES

CANDLES
CAlcium fluoride for studies of Neutrino and Dark matrters
by Low Energy Spectrometer

= £ Canmurej scintillator
XXX X X pe Long attenuation length (> 10m@350nm)
S — il ~N_ )
'

Double beta decay source

(JE;} i it “8Ca (Q,,=4.2TMeV)

- o o'aeto Counter + Liquid scintillator

[ ED DB EEEEEBA 4 n Active Shield
EDE0DE0EEEE6

| = s v s v s s s s * Large photomultiplier tube

. e Signals from both scintillators
i s v s s s s s s s are detected simultaneously

- EEEOEBREEE@B

. EEE0EEEGEB ﬂ
=l s s s s s s s

' EaE(EuE;}E s i # Active Shielding Technique

Different time constants

Buffer Qil CaF-(pure) - ~Tusec

Liquid scintillator : a few 10 nse

H E R
Carge PMT

UMEHARA Saori, 16" Nov. 2011, DBD11
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Norite
Rock

780 tonnes liquid

+00-lonnee-,0 >Scintillator (LAB)
12 m diameter Acrylic Vessel

18 m diameter support structure; 9500 PMTs

(—~60% photocathode coverage)

1700 tonnes inner shielding H,O
5300 tonnes outer shielding H,O

Urylon liner radon seal ok e

rope net
depth: 2092 m (—-6010 m.w.e.) ~70 muons/day

May 24th, 2013 HEMERRS 7



KamLAND-Zen

Zero Meutrino
double beta decay search

EPseudo-
cumene

- 20%

-+

' Dodecane
80%
PPO

| 0.15wt%

I. . | I [ 1 ; II I,I_..l: L |
1" Xe loaded LS in//) /)
N e g o/
a mini-balloon 7 //b
OO i A

May 24th, 2013

L= = A = L

i

idea to load Xe into LS is from Raju PRL72,1411(1994)

~320kg 90% enriched '¥Xe installed so far
total 600+ kg in the mine
production reaches 700kg in this year

GoodhmwmsohrI(JHOUE@?V2012

® running detector
— relatively low cost and quick start

® huge and clean (1200m3, u: 3.5x10-'8 g/g, Th: 5.2x10"7)
— negligible external gamma

(Xe and mini-balloon need to be clean)

® Xe-LS can be purified, mini-balloon replaceable
if necessary, with relatively low cost
— highly scalable (up to several tons of Xe)

® No escape or invisible energy from B,y
— BG identification relatively easy

® anti-neutrino observation continues
— geo-neutrino w/o japanese reactors

Disadvantages toward an ultimate sensitivity
| relativel; poor energy resolutionl
tolerable thanks to slow 2v2P and low BG
X no B/y discrimination so far
X delicate balloon film
X limited LS composition (for density matching)

MRS RE 8
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Energy spectrum obtained by KamLAND

! e m Most possible BG
TN HOMAG (B-Y, Brax=3,02MeV,
T N t=3600)

214Bj on IB (B-Y,
B...=3,27MeV, t=15d)

Half-life of Ov[3[3
T9,>1.9x10% y(90%C.L.)

neutrino mass limit
(conbined by EXO200)

mv < 120 -250mev

PRL 110,062502 (2013)

May 24th, 2013 HEMERRS 9
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Detector design for ZICOS experiment

m Zirconium Complex in Organic liquid Scintillator
(ZICOS) for double beta decay experiment

Assuming 10w.t.% solubility

hin

Mt

10m

May 24th, 2013 HEMEEMER 10
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Zirconium 3-diketon complex

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

(PhOMe)
[ CH, \ Stable and cheep
_O“-«:Z . Commercial product
\ \ o")' m Disadvantage
CH, 4 Low scintillation light

Molecular weight : 487.66  Y'®'

May 24th, 2013 HEMERRS 11
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What's problem

m Absorption spectra of e e
In(acac), (indium < e
acetyl acetone) was .. /\/ \ /\
overlapped with the e A\
emission spectra from .../~ |
Anisole (Chem. Phys. ol —inrror

Lett., 435(2007), 252) wavelength [nm]

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

May 24th, 2013 HEMERRS 12
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Observed absorption spectra of Zr(acac),

m Emission peak of

T e anisole was observed
N around 295nm.
e m Absorption peak of

| T Zr(acac), was observed
~ s around 270nm.

o S y Scintillation light from
e anisole (PhOMe) might be
absorbed by Zr(acac),

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

May 24th, 2013 HEMERRS 13
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Simple expectation for guenching

m Assuming to same cross section

for light
nght yleld = LO X PPO A Zrlacac gO)
S1Nppo A
O4lppo;t B5lNy - E& Zr(acac@
L, : Light yield of anisole + O orscenc
PPO + POPOP Q e,
Nppo » Nz 2 Number of

molecular for PPO and Zr(acac),
G,,0, : Cross section of absorbance for
PPO and Zr(acac),

May 24th, 2013 HEMERRS 14
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Scintillation Light yield (°°Co) with
respect to concentration of Zr(acac),

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

w? r"‘“WW PPOCI0OMg) and FOPOP (10mag) E
sobved in Anisole {20mL}

E
. ‘ 1 TLTE LTI VTN TR
o L 0 mg 3850 3850

unl [channed]

50mg 3175 3138
(1.03X10%)

100mg 2800 2651
e — (2.05X104)
e 200mg 2000 2018
e (4.10X104)
B 300mg 1600 1613
- (6.15X10)
500mg 900 1178

(1.03X1073)

PPO 100mg : 4.52X10“ mol
May 24th, 2013 HEMERRS 15
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Improvement of scintillation light yield

m Move absorption peak = How to do it?
to shorter Wavelength substituent groups

T L O BN A BB B S fi\y ’.
E Anisole {>hOMe} emission spectra ) \ ® i s . .
in acetonitrite (CH, CN) E O . ‘ i %T'sztﬁﬁﬁﬁﬂ: J
= T Q
Q

itation ; £70am 3

%O Chem3D™T{ERK
, PM3E(ADMNDO-di%(Ti)

- | O
o . d
r B
c - B
e = , " = (-\F .
E - S » e Z
[ ot s < WAV W OTRRTIOT A S0 i SRR PN I . o V1S Ve AV -
R o s o oo s o e o ( ) | («. C
agvelaniath () <
PP Q ; THEREI
£

‘ HEIZALV=8- /&bzmﬁtﬁgl

Al l Ti l
': CH

/ -OC,H,,-CH,,-C (H, -OC,H;
2,5-Diphenyloxazole (PPO) E

-H.-C,H-.-OH. -CH,
absorhance spectra in

= CH, : e
FL—MR I -OCH,,-OCH..-OC,H;  -CgHy
acetonitrile

T Courtesy of Prof. Yoshiyuki Kowada
(Hyogo University of Education)

P " -~
e’— \\M—"r) . .
T Zirconium acetyl acetane

{Zr acac..) absorbance spectra
in acetonitrile

o ] \
T SR BRI | IS IR SNV B B S
Py 230 00 B g s g o
wavelers /

May 24th, 2013 HEMERRS 16



Absorbance peak for several

substituent groups

m Measured absorbance
peaks for several
substituent groups

m Expected absorbance
peak for several
substituent groups

4.0 s
'(_‘()l lg

* i nm :
334 290 325

Absorbance
™

0.0

200 250 300 350 400 450
AERBRLEOBRICETLEBE "M | 20

-OC,H, “CH; J OCH,

280

-OCH, :

l AlIZILAFRFORIGEEFER l

-C,H, -OH

| -OC H. ‘H

May 24th, 2013 HFEMEEM RS
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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 H3C

o >

May 24th, 2013 HEMERRS 18



Zr 3-keto ester complex

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

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

Solubllity > 10 w.t.% for anisole

May 24th, 2013 HEMEEMER 19
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Absorbance spectra (Solvent effect)
Solution : Hexane

Solution : acetonitrile

. T e
L S E . ——
= hY = vk o
< K g =
Zun B E H E ;
Z g /
2. . J 3
a0 - s
- o 3
ors | Zi{acac)« ahsorbace spectra bl
in hexane e [ Zr{acac) < absorbace spactra J
1 L | P 1 | PR 1 I L4 L ‘.n aCE“.Oﬂl'm‘iE ]
-200 250 300 330 Loy 430 S 350 g q | i L PEFEFSEE VI A B 2l i iva 07
wavelenth B 3 S w2 2 R ) kit
Apsorbance of £1.a:aci inhesane ) aavelergth
Al ance Ul ZraachH e eianinke
W F T T T T T JLELER N I, ]
X = @ T T T T T
H z )
B 3 L ]
G | R i 7 4
k4 E ; ]
N J
'r ; ] o2 | v B
Y :; i
[P S Zrfiprac),; ahsorbace spectra . ]
v inrhi\xari;j P o Zrliprac). , absorbace spectra
. , ) L | ‘ ‘ in acetonitrile )
200 50 00 130 e 50 500 550 P N Pl L I‘,! L Aﬁi Laa |1r it e & i |:\/x Lt ri”. PR -
wiavelength =it < < i 2 E = £og
Absorbince of Zripraciss o hesare
R T e .
N e ] I
=
om Eh Zrletac), absorbace spectra
~ in hexane
JR SIS B SIS I B S RS SIS RS S U S S
200 250 300 330 EE 430 S04 E30 BY lH 250 el 360 Al 430 ]

Absobance of Znatacd inhixane

wavatendgrh

= \%
W eloy

Aseriente of Dielasd 1 ausion e

solvent effect

Absorption peak moves to shorter wavelength,
however It depends on the polarity of solvent.

May 24th, 2013 HEMERRS 20
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Absorbance in liquid scintillator

Solution : Diethyl Ether g solvent effect could
depend on the polarity

(dielectric const.)
g st Acetonitrile : 37.5
,,,,,,,,, e Hexane : 1.89
e Anisole : 4.3

m Need solution which has
same polarity as anisole

. . ]
Eoos r{iprac), . absarbace spectra
[ e iethyl ether j
a5 L 1 L 1 L 1 | | ]
200 0 30 350 R 500 550 500
wanvelength
#lasarbance of Zripracis.5 i Dyethyt sl
w0 E T T T T T T T 3
N | Dieth -
lethyl ether
R Y ; ] . L
Gy 3
Wl rletac), abse spectra ]
£ in diethyl ether ]
[P ST B I APV S A O S
200 0 30 330 ) 450 s00 550 &0 =
wavelength
Resoimce of 2ctac Oyt i I S O Ve ' l e e( :

remains around 270nm

May 24th, 2013 HEMERRS 21
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Light yield of Zr 3-keto ester scintillator

Zr(iprac): : In anisole Zr(etac), in anisole

Energy spectrum of gammas from “Co

Energy spectrum of gammas fram “Co

A 300 B £ 300 B
= =4
g PPC 100mg and POPOP 10mg 2 PPC 100mg and PCPOP 10mg
) . T
& solved in Aniscle (20mL) s solved in Anisole (20mi)
Z 200 S 200
. 0 ) OO/
. O/@ g 0
o 1 i 1 £ bl L . 0 i b 1 £ e L L
a 00 2000 3000 2000 3000 000 7000 o0t a ) 2200 3000 w00 3000 ) 7000 o
PhOe PPC 300mg #OPOP 10mg 8¢ ADC channel Phcide PP $00mg #OPOP 10rag 60t ALC channel
o T T T T T T T = " T 3 T T T ]
g Zr(iprac),.. 202ma (1 wit.%) z Zrietacl, 202mg {1 w.i%) |
g 300 i— {2.1x10 *mol} - = (3.1x10 *mol) ]
st S ]
= T = E
200 t O/ 4 O/ ]
1w.t.% 1w.t.%
0 b AP S L L L L A ¥ i . . .
o 1000 006 3000 2000 3000 000 7000 B000 o o 2006 3000 000 s000 000 7000 800
PhiMe Zriipracls 5 22mg PPO 1Dt POPDP T0mg 600 ADC channel PhOMe Bletaci 20 vy PPO Ty POPOP Tomggico * - Chanel
= T T T T T T T - T T T T T T T E
T = ) h
é o Zr(\prac)UlOS3mg (5w.t.%0) g 00 Zr(lprac)s 1053mg (SWT.%) .
S (1.1x10 “mol) 5 {1.6X10 *mol} ]
e 0 S 0
100
100
o 1008 003 3000 2000 000 5400 7000 00 o 3008 009 3000 ) s080 ain 7000 Bioe

Same quenching as Zr(acac),

May 24th, 2013

ADC channel
Fhie Zrijpracs.3 1953mg FPO 199mg FOPOR 10ing £0Ca

AR

ANC channct
PhOMe Ziletag4 1953ing PPO 1dmg POPOR 10mg 60¢0

was observed

22



" A
Requirement of scintillator solvent

N Solvent mp bp D n ; R

B LOW pOIarIty (IOW Acetic acid 17 118 1.049]  1.3716 6.15 12.9 1.68
Acetone 95 56 0.788| _ 1.3587 20.7 16.2 2.85
. e reperen = = T m——yYE PEa o

d IeIeCtrIC Constant %msole 3 54— 099 1517 733 3 T3
enzene 5 80 0.879]  1.5011 227 20.2 0
Bromobenzene -31 156 1.495 1.558 5.17 33.7 1.55
. Carbon disuffide 12 a5 1274 16295 75 713 0
N () abSOI'ptIOn ~270n m Carbon tetrachioride -23 77| 1594 1.4601 2.24 2538 0
Chlorobenzene -46| 132 1.106 1.5248 5.62 31.2 1.54
Chioroform 64 51 1489 1.4458 Z.81 27 715
- Cyclohexane 5 81 0.778| _1.4262 2.02 27.7 0
[ | Aromatlc Com pou ndS 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
a 1,2-Dichloroethane -36 84 1.253 1.4448 10.36 21 1.86
Iu minescence >270n m Dichloromethane o5 70 T306]  1.4241 5.03 75 755
Diethylamine -50 56 0.707] _ 1.3864 36 243 0.92
Diethyl ether 117, 35 0.713]  1.3524 4.33 22.1 13
. _pe 1,2-Dimethoxyethane 68 85 0.863]  1.3796 7.2 24.1 1.71
[ | Kee p h I g h SO I u b I I Ity > N,N -Dimethylacetamide -20 166 0.937| 1.4384 37.8 242 3.72
N,N -Dimethylformamide 60 152 0.945]  1.4305 36.7 9.9 3.86
0 Dimethy! sulfoxide 19 189 1.096] 1.4783 46.7 20.1 3.9
-~ 1 O /O 1,4-Dioxane 12 101 1.034]  1.4224 2.25 216 0.45
Ethanol -114 78 0.789]  1.3614 245 12.8 1.69
o Ethyl acetate -84 77 0.901] 1.3724 6.02 223 1.88
N Keep Iu mlnescence from Ethyl benzoate 35 213 105 15052 6.02 425 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
SO Ive nt 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
Pyridine 42 115 0983 15102 12.4 241 2.37

P - " - of | 1.4/07 3.4 i 2
OSSI e SO Ve nt [Tretylamme 75 90 0725 T407 YRV 337 087
" Trifluoroacetic acid -15 72 1.489 1.285) 8.55 13.7) 2.26
2.2,2-Trifluoroethanol 44 77 1.384 1.291 8.55 12.4 2.52
T I 0 100 0908 12333 20 1 27 182
oluene / Xylene e P ) T 7 R R |

May 24th, 2013 HEMERRS 23
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Zirconium complex with luminescence

m Zr-ODZ complex m Photo luminescence
i :
O 320

300

280

Excitation /nm

260

240

220

200

I L | v
300 350 400 450 500 550 600
Emission /nm

m.w. = 1040.18

»Solvent ;: Acetonitrile
»Concentration ;: 3.0x 10> mol/L

May 24th, 2013 HEMERRS 24
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Emission and absorption spectrum of

Zr(ODZ)i « Emission wavelength :
_ v o 2HODZ)s emission and abscrption spectra 43 O nim

con £ Emissiocn @ 241nm 3

«E emission

nnnnn

]]]]]] _ ; PMT sensitive
-| ~+ 1 = Absorption wavelength:
Lo 2/0nm and 320nm

00 55l ford
. wavelength (nm)

n7d
e
{ Wi
h P
’:j et
T,
0
=
Q e
= i~
e}
<€
.

absorption - different from excitation W.L.
| e=Solvent=PhCN
Zr(QD2)a absobance spectrai (Be n ZO n itrl Ie)

in Acetonitr le

s« Solubllity - ~5w.t.%

May 24th, 2013 HEMERRS 25



" S
Response for y-irradiation

No, of events

No. of events

No. of events

No. of avents

No. of events

Energy spectrum of gammas from % Co

: %"h-'-_-—._.voﬁ-.wmuw;m,wW ““"*‘o'a.,..\, 3
o & PPO100mg M'W""“fm ]
: POPOP]Omg i
......................................

500 1508 2008 25040 3

00 A000
ADC channe\

PO 100mg and POPOP 10mg in PhON

mz;_ M‘"‘W-w‘umwmﬁ-vm%.ﬁw "# _;
w b PPO100mg 1
PEPEFINI PRSP AU AFETEPEES B U R f“““‘“
0 500 1000 1500 2000 2500 3000 4000
) ADCchanne\
PP 100mg in PhUN
w}_---‘|----|----|'-=-|----|
A 710D7)4100mg ]
, PPO 100mg a
© 4 '!*}] POPE?P WOmg
T B, o e i
O’ 5(‘)0 'IOIOO

4000
ADC channe\

[GOZ)4 10 g in PhC

!,_f_;_"|"":""|""|""|‘ T 1
2 Zr(ODZ) 100mg1:
3 PPO 100mg ;
...... '.*MEEH'JH Lk HIHI'JEH. TN R I
m ADCchanneiao

Zi{0DZ)4 10y and PPO 100mg in PACH

"I""i""['"'I""l""l""l""-!
* Zr{0D7}2100mg ]
' i"n"p 3
Hﬂﬂﬂtimm T T

3500 Al
ADC channed
Zr{0R7)4 100my in PhCN

May 24th, 2013

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

third excitation of ~340nm
from PPO was used for the
emission of Zr(ODZ),

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

Need another solvent
which has shorter emission
wavelength than PhCN.

AR 26



" J
Summary

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

m Confirmed absorption peak moves to shorter
wavelength (275nm — 245nm) by introducing ester
substituent groups.

m Observed scintillation light yield decreased In
proportion to the concentration of Zr 3-keto ester
complex due to solvent effect Need low
polarity solvent

m To avoid solvent effect, we will synthesize new
complex tetrakis (diethyl malonato) zirconium.

May 24th, 2013 HEMERRS 27



Tetrakis (diethyl malonato) Zr compex

Zr(CH,CH,OCOCHCO Zr(CH,CCOCHCOO
OCH,CH,), = Zr(deml), CH;), = Zr(etac),

May 24th, 2013 HEMERRS 28



" I
Absorbance spectrum for [3-keto
ester ligands

Absorbance spectrum for 3-keto ester ligands
Absorbance spectrumi for 8-keto ester ligands ance °p '5 g

E ) 0.2 & Acettylacetone in Acetonitrile
02 E SO Acettylacetune in Hexane —oa E
-0.3 E A S ST BRI SRR ST SRV APV R
_0.47....I....I....I....I....I.!.sl...!!. A 4
200 250 300 350 400 450 500 850 s00 2090 250 300 350 00 50 500 S50 500
wavelength [nmi wavelength [nm]
0 o g = — S e oo s e -
-2 Isopropyl acetoacetate in Hexane oz BT lsoprupyl acetoacetate in Acetonitrile
:: E_|||||ii —G4 ':'_filil
200 250 300 350 400 450 500 550 600 200 250 300 250 400 450 500 B50 80D
wavelength [nml wavelength [nm)]
0.1 01 ¢
n e et o e e e o B o o e e o e et e
Ethyl acetoacstate in Hexane = . o
-0.1 ~ 04 & Fthyt acetoacetate in Acetonitrile
-0.2 """'"""""""l"""""""' 0.2 Bttt ettt bt At ettt bt et
280 300 380 400 50 500 BBO 500 200 250 300 350 400 450 BO0 £50 00
wavelength [nm) wavelength [nm]
0.1
0 U - . a s
—a.1 Dimethyl malonate in Hexane 2 o
-0.2 e Dimethyt malonate in Acefonitiile
- M EEE T IS AP AT A AN S A T ST AT A ETEN AT AT AT A —4 o
200 250 300 350 400 450 50O BB0 &00 Eortoto b rpa dsaaa b dgsna btesaa st s
wavelength [nm] 200 250 300 350 400 450 500 B50 8O0

wavelength fnm]
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"
Tetrakis 8-quinolinolate Zr complex loaded
scintillator

m Tetrakis (8-quinolinolate)  ZrQ, 50mg in PhCN-POPOP

Zirconium complex (ZrQ,) 3 s
3\T\' Quantum
0 ElEae !’ Yield=1.1%

vy compto ] !
- | obtained by
0 1000 2000 3000 4000 Opt|Ca| methOd

ADC channel [0db]

Number of events

2103

“Co Light Yield to
BC505:

i
o
L8]

Number of events

M=In,n=3,M=2r,n=4

iy
<

T
ZI’Q4 M.W. = 68907 . 17Mev /1 35Mev

1 compton edge)

0 1boo 2boo 3000 4000
ADC channel [0db]
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"
Scintillation light vield (}3’Cs) with
respect to concentration of Zr(acac),

[nergy spectrum of y ray (662kev) from”"Cs
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"
Photo Luminescence and absorption of PPO
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excitation : 320nm
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m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance device ;: HITACHI
U-3000

Solvent : Benzonitrile (PNCN)
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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H
PHoto Luminescence and absorption of

POPOP

m Photo luminescence

Fluorescence device: HORIBA
] : POPOP emission FluoroMax-4
“ N Absorbance device : HITACHI
S U-3000
,,,,,,,,,, | » ,“"“;awm_exf‘fa,“"’i:?‘f?”f“, Solvent : Benzonitrile (PhCN)
} R s sl Concentration : 1.0 X 105 mol/L
2ok POPOP absorption
1,4-Bis(5-phenyloxazol-2-
ok yl)benzene
SR e Molecular mass : 364.40
Max. emission wavelength :
423.6nm
Max. absorption wavelength :
364.1nm
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H
PHoto Luminescence and absorption of bis-

MSB

bis-MSB emission

. excitation : 340nm
[T VR T
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bis-MSB absorption
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400 600 600 700 800

wavelength [nm]

m Photo luminescence

Fluorescence device: HORIBA
FluoroMax-4

Absorbance device ;: HITACHI
U-3000

Solvent : Benzonitrile (PNCN)
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

AR 35



