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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
8260 82 K 2995

unitdrarbimrairar

0.5
(TI + Tz )IQﬂB

[T1/20V(O+ _>O+)]_1 - GOV(EO’Z) I MOV I 2<mv>2 /me2
T, ,~a(Mt/AE - B)Y/? 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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0.01
m lightest [ EV]

S. Dell'Oro, S. Marcocci, F. Vissani, Phys. Rev. D90, 033005 (2014)

~tons of target and ~zero BG detector will be
necessary for next generation OvB3 experiment.
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Ovpp signal region for 2Zr
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ZICOS- Zirconium Complex in Organic
Liguid Scintillator for neutrinoless double

Y L)

Goals for development of LS :
(1) Zr should be solved highly in
order to make detector small.
(2) 3.5% at 3.35MeV of energy
resolution, if ZICOS has PMTs
with 40% photo coverage and
long attenuation length (~10m)

Inner detector with 40% photo

coverage 10” PMT including
Zirconium loaded 113 tons LS
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eutrino mass sensitivity of ZICOS experiment

Results from VIO
<m,> 7.2 -10.8 eV (g,=1.25,g,,

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

Assuming same energy resolution, BG rate and
measurement time as KamLAND-Zen
(T1/20V > 2.6 X102°y ) (Ref: L.Shimizu arXiv:1409.0077 (2014))

Mass : 113 ton 10wt.% Zr(iprac), = 12.6ton
s | Includes 1.7ton of Zirconiuy
Es | = 45 kg of 9%Zr (natural abundance .

( 64kg of 13°Xe = 0.2 X KL-

T,,% > 1.2 x10%®y <« Not enough for Ovf search
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1) Zr enrichment
58.5% enrichment of °°Zr (e.g. 57.3% for NEMO-3)
then °°Zr will be 1 ton (4.4 times 13°Xe 320kg)

T,,%>5 X10%®y ; <m,>< 0.09 —0.15 eV (QRPA)

2) Lowering BG (%98TI /214Bi)
l.e. <1/20 X KL-Zen
(~1.0events/ton/year)
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Maybe we can......
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Development of Zr loaded LS

—
Solid crystal or powder
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Solubillity of Zr(iprac 4 for anisole

Zr(iprac), 2242mg, PPO 999mg

Solubility > 31.2 wt.% and POPOP 10mg solved in
20mL Anisole

> 70g/L of Zirconium could be solved in anisole.
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AR Absorption peaks of

" absorption of Zr(iprac), was found
rlipeach around at 278nm.

However, overlapped

region with emission

of anisole was existed.
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Zr(iprac), works as a

350 400 450
wavelength [nm]

guencher for the liquid
scintillator system.
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emission of anisole
------------ absorption of PPO

g EmErenmem emission of PPO

- absorption of
e POPOP
Pmimimim emission of

POPOP

PPO 250 : A : 550 ,iEId.

wavelength[nm]
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Measured at several conditions of PPO concentration
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Measured at several conditions of PPO concentration
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abllity of liquid scintillator

Zr(iprac)s 10.0wt.%
PPO 4.8wt.%

Mean 2033.4
Sigma 322.4
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Mar. 14, 2016

2000 3000 4000 5000 6000
ADC channel

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

Mean 2282.0
Sigma 295.9

Feb. 27,2015 Mar. 14, 2016

number of events

Keep transparent liquid and

Feb. 27, 2015

4000 5000 6000

ADC channel

no precipitate is found.
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Measurement of backgrounds from LS
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Using subtracted # of events around 2.6MeV and 2.2MeV
214Bj <4.9x10%g/g 298T| < 2.7x1022 g/g
(38U < 6.4x10°g/g) (°3?Th < 7.4x10°7 g/g) (c.f. KL 10-18g/q)

Revealing the history of the universe with underground particle and nuclear research 2016 May 11, 2016 15

event rate [events/172800sec/10keV]
=
|
i




Main backgrounds for ZICOS

Need additional technique except energy spectral
shape obtained by scintillation light in order to /

reduce those backgrounds drastically.
Can we use Cherenkov lights for
background reduction ?

May 11, 2016 16
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® Refractive index of anisole : n=1.518
® Cherenkov angle is determined by
cosO=1/n' (Ee>0.7MeV) n’>n
® Assuming 1.65MeV electron, then
3=0.972 and Cherenkov angel 6=47.3
degree are expected.
Number of Cherenkov photon
100 photon/MeV (400nm — 600nm) /
AN

da

Cherenkov light = ~1% of scintillation light
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Measurement of LY for Cherenkov lights
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208T| : B and 2.6MeV ys  24Bi ;B and multi ys (609keV,1.12MeV)

1+,0-2+ . Ti ] 2630.9
14,2224 l|lllllll 24232
!Illlmll

214Bj B-decay
with multi-ys | -

164us

WBph{stable)

> No Cherenkov Ilghts (scmtlllatlon only)
e oa-particle and low energy ely
» Observed Cherenkov lights
« Can we check the consistency of vertex position
obtained by scintillation and Cherenkov? (if w
reconstruct vertex position using CherenkovAights.)

May 11, 2016 19
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208T| backgrounds

L, &

2.6MeVy ~ ~®

Reconstructed vertex
by Cherenkov

Balloon film w ’
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2vBp electron kinetic energy 3 For Cal Cu Iatl O n Of 2V B B y
dw

F(Z,61)F(Z,e2)k2k2(Wo — €1 — €3)°(1 — B1 By cosb)

dk,dkod cos @

k;, electron momenta
& =sqrt(ki>+m.?) : electron energy
W,=0Q+2m,, : total release energy

500 1000 1500 2000 25%101 (i);l;)V) Q : Q Value me: eleCtrOn maSS
OVBBelectronkineticenerggy e : Openlng angle /r: Ferml funC.

g can generate independently /
within energy conservation.

For calculation of Ov[3p,

arbitrary scale

2e emit Cherenkov

' lights Ml Same calculation bute c

oE 500 1000 1500 2000 2500 300(;) 3500 generate Wlth 81+82:W

E1 (keV)
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Measurement of Cherenkov light

Nal detector
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ZICOS proto-type detector

104 scale of ZICOS detector

Purpose of Performance

Hamamatsu

H6410

1) Energy resolution

* anisole + Zr(acac),

3.0L

190mm

Zr(iprac), 15wt.% DemOnStI'athn
rororoommin 4, 1) °¢Zr:10g (same as NEMO-3)

mws with natural abundance of Zr
2) Half life limits T,,,(0vpp) >

x 1022 years will be obtai
o= If no BG was found in
Photo coverage : 0% days’ measuremen

Scintillation (energy) + Cherenkov (BG reduction)
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Correction of incident position on PMT

: r . distance between PM
T and vertex position

7

Wider or narrower angle 6 could be
corrected by do .

May 11, 2016 26
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Simple vertex reconstruction
using multi-photon PMTs makes
clusters around generated
position, even though electron’s
multiple scattering .

Real (not proto-type) ZICOS
detector will use not only hit
pattern, but also light arrival

time in order to reconstruct
vertex correctly , so that much
better vertex reconstruction
resolution should be expected.
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Separation of scintillation and Cherenkov lights in PMT

Slgnal USIng Waveform Of FADC C.Shaomin et al. arXiv:1511.09339

1580 1600 1620 1640 1660 1680 1700 1720
Time [ns]

Cherenkov has a faster peak than scintillation.
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BC505 and 3.5%0.
coverage) for energy resolution.

» We are developing new technique for a background
reduction using Cherenkov light for vertex reconstruction.
(available for LS family like KL-Zen, SNO+, etC)

» ZICOS sensitivity : T,,,% > ~2X10%°y; and <m > < 0.04-
0.06eV (QRPA) if both 58.5% enrichment and BG level
1/20 X KamLAND-Zen achieved.

» We will try also Nd(iprac); because larger Q-value
(3.67MeV) and twice Iarger natural abundance (

» We are now open for new collaborators.
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BACKUP
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Schematic of a Calutron

ELECTROMAGNETIC

— Mgy HEAVIER ISOTOPE

My LIGHTER ISOTOPE

' _ MAGNETIC FIELD NORMAL
ION RECEIVER TO PLANE OF DIAGRAM
{with collector

pockels)

1OM SOURCE
[+35 V)

ACCELERATING
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. 214Bi contaminates
o within 1m inner
1.0 m (Xe-LS)
dlayed coin. cut V0|ume, bUt mOSt
riiation cut of events could be

- removed by Bi-Po
tagging.
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wn
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Q
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If o particle may
absorbed in films,

1 2 3. -
Visible Energy/ (MeV)

[.Shimizu@Neutrino2014 we Can nOt use

0vPBp signal region for %Zr [ tagging.
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Backscattering method

Pulse height distribution of LS using BS method
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ADC channel
Energy distribution of BS gammas with Nal
¥/ndf 12.65 / 8
Constant 54.08
Mean 2232
Sigma 15.83

calculated energy : 221keV

Number of events

Liquid scintillé&:o} ‘ |
\ ‘ = 0 100 200 300 Obsew:gfi,); " [ke\fi;)()
- / | Single peak could bg
even in liquid scip |IIator.
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Electron (~1MeV)
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Comparison of light yields with R

170deg 190deg

or without SC-37 filter using —TTTRERR e R

back scattering method. e

210deg
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Most of few MeV range
| vS Interact with anisole
via Compton scattering.

Compton

scattering

At least, one event could
have Cherenkov hits.

10"
Photon Energy (MeV)

e Total Attenuation with Coherent Scattering
== = Total Attenuation without Coharent Scattering
~ Coharent Scattering
- Incoherent Scattering
———  Photoelectric Absorption

— Pair Production in Nuclear Field
~~~~  Pair Production in Electron Field
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0 : angle between event

divetion and average | No relation between
event direction and
averaged PMT direction

1005 0005 " To 20 30 0 e was found .

cos0o difference x-axis [cm]

c0s6>0.8

Clustered PMTs should

be made by longest track
within multiple scattering.

N 0 3 u-- ) = ‘ A 0
difference y-axis [cm] difference z-axis [cm]
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Attenuation length of anisole
as a function of wavelength

Attenuation length of
scintillation light from
POPOP (~450nm) was
obtained as ~6m.
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No problem for radius
of ZICOS detector.

600
wavelength [nm]
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Standard cocktail
Mean 4687.0 +
Sigma 316.8

;
| P, Tt +++++++ H++Jr++ Jr

Number of Events

¥
5000 6000
ADC channel

@
]
<
751
i
[344
=
=
2
=

Anisole only
Mean 487.7
Sigma 192.8

Number of Events

5000 6000

ADC channel

Relative scintillation light
yield of 1S 9.8% to
standard cocktail (due
iES i difference of quantu
L efficiency of PMT)
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2087 (3.053 m)
S0+ 0.0

W F— decay 10000 %

¥z 718

i

Y1z
b

Radiations

y(1)
(Bg-s)"

beta- 5

beta- 8

beta- 10

beta- 11

beta- 12

beta- 13

ce-K, gamma 3

2.27<10°%
3.09x10™
6.30x10™
2.45x10™
2.18x107!
4.87<10
4.04x10™

gamma 4

6.31<10%

ce-K, gamma 4
ce-L, gamma 4

2.84x107?
4.87<10%

gamma 6

2.26<10"

ce-K, gamma 6
ce-L. gamma 6

1.97x102
332x10%

gamma 7

8.45x107™!

2085k (stable)
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gamma 25
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Compton spectra for each liquid scintillator

-
[
(2]

102,

“‘WWWMMWWMW.MM.,‘M. |_|g ht yl eld of BC505
1000 2000 3000 4000 5000 6000 7000 8000 an d our Stan d ard

ADC channel

standard cocktail cocktall (100mg PPO

(anisole 20mL+PPO100mg+POPOP10mg)

MWMWHW”MW"MMWMM” V . and 10mg POPOP
1000 2000 3000 4000 5000 5!!)0 7000 8000 S O Ive d i n 2 O m L an i S O I e)/

number of events

g
I
8
Yy
=)
[
g
=]
=
=
=
o

IS almost same quality.

number of events

1000 2000 3000 4000 o 7000 8000
ADC channel

Revealing the history of the universe with underground particle and nuclear research 2016 May 11, 2016

41



emission of anisole
absorption of ppo

emission of ppo

R absorption of popop PPO absorbed mOSt

]

B . .

CICIERE emission of popop
'
]

of emission lights from
anisole.
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e
A=
e
C
8V

Effectively the energy

LV ™ bal Fed T s m

was transferred to the
secondary scintillator.

500 550
wavelength[nm]
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Standard cocktail
Mean 4687.0
Sigma 316.8

i
Aty b 1] Peak values decreased
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Zr(@prac)s 6.3wt. %
PPO 1.5wt.%

PPO helps recovering the
light yield and the energy
resolution.

4000 5000 6000
ADC channel

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

Confirmed our assumpti&n/

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

[
2000 £ 4000 5000 6000
ADC channel
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Physical constants of Liquid Scintillator

Physical Constants of SGC Liquid Scintillators
Light Output  Wavelength of Maximum Decay

Scintillator % Anthracene? Emission, nm Constant, ns H:CRatio  Loading Element Density Flash Point °C
BC-501A 78 425 32! 1212 087 26

BC-505 80 425 25 1.331 0.877 48

BC-509 20 425 31 .0035 F 161 10

BC-517L 39 425 2 2.01 0.86 102

BC-517H 52 425 2 1.89 0.86 81

BC-517P 28 425 2.2 2.05 0.85 115

BC-5175 66 425 2 1.70 0.87 53

BC-519 60 425 4 173 0.87 63

BC-521 60 425 4 131 Gd (to 1%) 0.89 44

BC-523 65 425 3.7 1.74 Nat. *°B (5%) 0.916 -8

BC-523A 65 425 3.7 1.67 Enr. "B (5%) 0.916 -8 ’
BC-525 55 425 3.8 1.56 Gd (to 1%) 0.88 91 /
BC-531 59 425 3.5 1.63 0.87 93 ’
BC-533 51 425 3 1.96 0.80 65

BC-537 61 425 2.8 0.99 (D:C) ’H 0.954 -11
*Anthracene light output = 40-50% of Nal(Tl) ~ * Fast component; mean decay times of first 3 components = 3.16, 32.3 and 270 ns

/4

LY of Nal(Tl) : 4 X 10% photon/MeV LY of BC505 : 1.2 x 10 photon/MeV
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Relative light yield to the standard cocktail
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V/ a4

Zr(ipcac), and Zr(etac), have almost same performance,

but LY and Eres depend strongly on concemtration.
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PURIFICATION OF ANISOLE

Attoniiatinn 101"_\0'{']'\ nf qnicn*a

— —

E_ . I:- I..Ib.r'l b f:_'-‘” i ' U =
v, 5209 7o NI obtained as ~6m fc
2|0 Al current liquid scintillator.

attenuation length [m]

Attenuation length will

be recovered ~15m by

same purification
method as RENOAW)

[

) MRl AlL,O; (Ref: H.Grupbs et al.
wavelength [nm] .
Org.Mat. 1996 15,4518-1520
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