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Neutrinoless double beta decay

7 emitters with Qzz =2 Mev
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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
A Experimental requirement A TO achive m, <100meV

for BG rate and DE high energy

The experiments from the :
AExb point of view = resolution
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Lig. Scintillator is easy to scale up target volume
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Studied isotopes
COBRA |

CANDLES |
GERDA

SND+
MAJORANA
SuperNEMO
LUCIFER

A dream ?
KamLAND-Zen
X
CANDLES

SuperNEMO

ZnMoO, AMOoRE
AMORE SNO

SuperNEMO
CUORE MTD
Borexino
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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

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
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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

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
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® 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)




Energy spectrum obtained by KamLAND

1o E.;u DS-1+D87 __ pas

PRL 110,062502 (2013)
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A Most possible BG
110mA g -f b $3,02MeV,
t=360d)
24Bj on-20| B (Db
b, ..=3,27MeV, t=15d)
Half-life of Onb b
T9,,>1.9 102 y(90%C.L.)

neutrino mass limit
(conbined by EXO200)

mn < 120 -250mev
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Detector design for ZICOS experiment

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

Assuming 10w.t.% solubility

hin

Mt
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Zirconium b-diketon complex

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

(PhOMe)
[ CH, \ Stable and cheep
_O“-«:Z . Commercial product
\ \ 0'7 A Disadvantage
CH, 4 Low scintillation light

Molecular weight : 487.66  Y'®'
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What 0s probl em

A Absorption spectra of e
In(acac), (indium " e
acetyl acetone) was .« /\/ \ /|
overlapped with the e AN\ \
emission spectra from .../~ |
Anisole Chem. Phys. ool mAvSM
Lett., 435(2007), 252) wavlngh o

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

A Emission peak of

T e anisole was observed
p— around 295nm.
e A Absorption peak of
S Zr(acac), was observed
~ ooy around 270nm.

- Scintillation light from
~N anisole (PhOMe) might be
st absorbed by Zr(acac),

.......................................
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Simple expectation for guenching

A Assuming to same cross section

for light
Light yield = L, pp@ Anféécac gO)
S1Nppo - E& O
S1Nppo T SZNZr Lo Zr(acab
L, : Light yield of anisole + Z(acac
PPO + POPOP () abasa. o
Nppo » Nz 2 Number of

molecular for PPO and Zr(acac),
S1,S, : cross section of absorbance for
PPO and Zr(acac),
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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
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Improvement of scintillation light yield

A Move absorption peak A How to do it?
to shorter Wavelength substituent aroups

http://www.hi-ho.ne.jp/hosomi/sotsuron

CE AL L A S L B LR L AR |
o Anisole {hOMe) erission spectra
in acetonitrile (CH, CN)

. iation : 270am - 3
gt g i .
150
1eh L
R R R R S R I S
N S -
6._:— e .
T Zirconium acetyl acet
{Zr acac..) absorb, pect
Rl cetonitrile
...................................

2,5-Diphenyloxazole (PPO)
absorhance spectra in
acetonitrile

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