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Neutrino Detector

o Kamioka mine overburden : 2700m.w.e.
Muon rate : 0.33Hz

o 1000 tons of Liquid Scintillator

CH:
HH HH 7 N
L £ 3 \
S
H H H H
Dodecane (Ci2Hzs) : 80% Pseudocumene : 20% PPO  1.36 9/l

(1.2,4-Trimethyl Benzene) (2.5-Diphenyloxazole)

o Mineral Oil : Buffer against external BG
o 1979 PMTs(17” 1325 + 20” 554)
Q9
Q9

Photocathod coverage : 34%
Outer water Cherenkov detector for muon veto




'3Xe as 3 Isotope

0 —_——
136xe \ 13665

Qup = 2.479MeV

o 2vBp half-life ; Not yet observed

o Best experimental limit ; > 1.0 x 1022 yr RBernabei etN

o Theoretical expectation ; ~ 102! - a few x 1022 yr g
o Advantages of 136Xe

o Q-value ; valley of natural RI background

o Gaseous isotope can be purified during the experiment

o No long lived unstable Xe isotopes

o Easy to enrich



OvBp in KamLAND

OvBp in KamLAND
o Low-background condition
o Large volume detector = high scalability
o Well-understood (measured) background model
o Liquid detector allows for additional in-situ purification.
o No further modification to the detector

< dissolve/load Bp isotope in LS
o Anti-neutrino measurements ; simultaneously

136Xe in KamLAND
o Easy to dissolve ; more than 3 wt%
o Easy to extract

o Ty/,°'#8 > 10%¢ yr = require modest energy resolution

High sensitivity with low cost




Milestone in KamLAND (33 de

| 1st Phase |

o Install mini-balloon into KamLAND.

cavy(l
This talk

o 250 ~ 400 kg of enriched 13°Xe loaded liquid scintillator

o Explore KKDC claimed region ; down to 60meV
Q Keyword Quickness ; Start data taking 2011/Spring
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(Final Xe volume depends on the budget.)

1



Milestone in KamLAND (33 decay(2)

‘ 2nd Phase\
@ 1000 kg of enriched !36Xe loaded liquid scintillator

o Brighter LS development (target; ~40% increase L.Y.)
o Light concentrator (target; ~80%)
o Explore the inverted hierarchy region ; down to 25meV

|

90% CL (1 dof)

KKDC claim

136)Xe : 1
(4.6

Winstol
(80%in¢c

107 107? 1072 107! 1
lightest neutrino mass in eV



R&D for 1st Phase

o Development of Xe loaded liquid scintillator

o Development of mini-balloon

@ Construction of Xe gas handling system

@ Minor modification of chimney region to install mini-
balloon

o Software development
o Simulation for the background study
o Data taking for new electronics



Xe loaded LS for 3 decay (1)

o Density control ;
o Density of KamLAND LS = 777.2 kg/m3 @15 C
o KamLAND LS components ;
C

H; N
3 Q
Density ; 0.75 0 CH,

3
, ° Pseudocumene : 20 wt%  PPO (C;sH,;NQO) : 1.36 g/I
Dodecane (CIZHZ(’) : 80 wt% 1,2,4-Trimethylbenzene Z,é?bigg'cenyloxazole 9

o To dissolve Xe into LS = Lighten LS density ;
o Decrease PC amoun’r 9 decrease Iigh‘r ou‘rpu’r

Dodecane (C12H26) - Decane (CIOHZZ)

CHS\/\/\/\/\
CH;
Density ; 0.735




Xe loaded LS for 3 decay (2)

o Xe solubility measurement
o Controlling LS temperature (Solubility depends on temp.)

Flow meter for Na

~ (digital) o Bubbling Xe for a few min.
No "] Switching valve

— Exhaust line
I ﬂ\ Thermometer
Flow meter { w

—

Xe Flow meter for Xe
(digital)

20.0°C

(o]
°

(@nalog)  water buffer N\
L New LS 150ml
atgiven T(C) - (vial volume ~190mi)

4

o Set point = 2.5 wt% E g 2.0 Wit @15 C
o T @ center of KamLAND 3 ok b °
10 ~ 13°C 5 s @ {
o There is enough margin if temp. iii E :
would be fluctuated. 24—
T
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Xe loaded LS for 33 decay ; Summary

o LS candidate composition
o Density control
o Solubility
o Light yield - increase PPO

81.8 wt% CH8.2 wt% 2.7
CH\/\/\/\/\ CH
3 CH, o
CH,
Pseudocumene PPO (C15H11NO)
Decane (CIZH%) 1,2,4-Trimethylbenzene 2,5-Diphenyloxazole
Q xe o Transparency raw data ] i‘I;_.ight emission ratio with KamLAND LS
o 25 wth E'.]_gf; i & oD
E E w/oXe SN T
08 l1.|:||1-E I I + :
[ 1 1E I
! = "KLIS=1.0 L
ﬂ? Black : Kam[.AND L3 Mfg after Xe ﬂ‘i:{}?{?ié‘iﬁﬂ{?
0.6 Fed : Decane = PC l'g o
‘_: Blue : Decane + PC _.:{'E [ '"'g
“. 3jn. L .q.i]]. - .4ﬁ I—T .juﬂ. I—T .jjn. . — .Hu n-.1 L1 |1.|l| L1 é L1 |z|l| L ‘!‘ I;;‘;'f
wevadenzih{zm)
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Development of mini-Balloon
o Experience of 13m¢ KamLAND B

alloon

A e 1‘:.*. o ..|I" -

(2.7 ~ 4 m¢)
o KamLAND balloon structure KamLAND balloon fim (135um)
Ny (25um)x3 EVOH(EF-XL ) Rn-
= _—(15um)x2 barrier

@ TO f‘educe qukgr‘OUNd ff‘Ol'f\ s%félﬁth La”}'nination glue
.« e . “Ad- " 30 [ I
mini-balloon materials HAc-coat S n tota
. h . I . R ' Film connection is made by sandwiching an EVOH
e Wl'l' OUT US'“Q qmmaﬂon 9 ue ﬁlm (no-extended type) and heat welding with
- only use heat connection ™M"Y
o Using much thinner films

—— " EVOH(EF-E)
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Development of mini-Balloon

o Requirements for Materials

o Low background
o Radio-purity ; 1013 g/g for U/Th
o Less volume = thin film ( ~ 25 um)

o Transparency to PPO emission wavelength ( 350 nm ~ 450 nm)

o Non-permeability for Xe gas

o Chemical compatibilities ; against PC, Decane and Dodecane

o Mechanical strength
o Without aging effect

@ Candidate Film

o Several kinds/thickness of films are test
@ EVOH (extended, non-extended)
@ Nylon
@ Multi-layer

o Good Candidates : EVOH with heat connection

J11 ] ] ] ]
JLL] ] |

\\\\1'&\‘1\ l

LR L T

= 15" test mini-balloon will be made in October !
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R&D of Balloon Films(1)

o Xe gas permeability measurement
o Enriched Xe gas is so expensive. 2 to avoid loosing gas

Xe concentration wit
Gaschromatgraph analyzer

Xe gas leakage through films ;
less than a few kg/S yr
Film & Liquid sample for every film samples

o Chemical compatibility/ Aging effect
o Checking color, weight, chemical components in soaked liquid,.........



R&D of Balloon Films(2)

o Optical transparency measurement
o Using spectro-photometer

Set the film in a cell.

£ Compared with KamLAND-LS

q_ 1.1

oF e EF-XL 12 ym
2 .

£ 085

=

| oo

.t. a5 - . .

= - PPO emission wavelength
o . 350 ~ 500 nm
prod "800 350 400 450 500 G50 B

& wirslangih[nm]

Almost no absorption of scintillation light |

- -
o Aging effect was also investigated by acceleration method with

conditions of 45 deg.C , 40 days.
- OK ( Transparency, Mechanical strength, Weight)

16



R&D of Balloon F11ms(3)

o Mechanical strength test
o Before/after soaking test in LS

Film sample
(20mm x 40mm)

o Radioactive impurity measurement
o Detection limit of ICP-MS ; ~ a few x 1011 g/g for U/Th
o Requirement ; ~ 1013 g/g
o Not achieved the required level.
- planning the Neutron Activation Analysis

17



Xenon Gas Handling System

o Requirements for Xe gas system
o Repetition to dissolve/extract Xe gas into/from LS
for ex., if BG of mini-balloon is above the required level,
o Radio-pure system € against 2Rn emanation

Enriched 13%Xe (~92 %) is expensive,

o Small dead volume of Xe gas

o Large extraction efficiency =2 loss-less extraction system
o Without leakage ; < 10-3 Pa.m3/sec for whole system

o Quality Control

o Dissolved Xe concentration

o Temperature control of Xe-LS, Transparency, Density control, Chemical
composition of LS, etc......

o Impurity measurement (O, contents, RI's)

We have experience in the construction and operation of the

distillation system.

18



Xenon Gas Handling System

o Conceptual design of Xe handling system

o
@ By ss nk  Xe Compresseér/
I 6 Cooling device
km Press. Of%
ballooné Box
Xe Storage I
Tank
Exhaust
@ LS Condenser |LS
Mixer i

Q LS trans. pump
@ E s st S e N, Separatfor

Vacuum pump LS Cooling dev. KamLAND Detector

Heat Exchanger)

Bolower

e Bubbler

Press. Control
valve

. LS
N ~ Cghdenser

WW A\

Flow control LS Buffer Tank

valve
i ON-OFF valve

DN Reverse valve




Xenon Gas Handling System

o We have much experience in
o LS/Xe dissolve system = purge tower system
o Gas handling - pure Nitrogen generator

20



Background Studies for 33 decay

o Background Candidates in 1st Phase
o KamLAND : Current background around Qg is well-understood.

1. Cosmic-muon induced background ; 1°C, 1Be

= tagging with new electronics
2. 8B solar neutrino - unaveidable in KamLAND

o After installing mini-balloon & Xe loaded LS
3. 2vBP decay of 13¢Xe

E-resolution ; 7.8%/JE

4, 214Bj, 208T| in mini-balloon
—> by delayed coincidence

Ol

5T 1n KamLAND-LS &

7 Taaaing oy dezlayed ¢

-L

0

events/day/kton/MeV

BG level before purification

BROV signal (m=02«v)

133 e 90% enrichment
2 5wt concentration

i |||||IT[""H'I{W| T L 3

N “';:- ------ E
: ~
‘Ihl after purificatio
85 solar newtring b\ |
2 3 4 3

visible energy [MeV]



Background Studies (1)
o Spallation background ; ©

o New dead time free electronics for tagging neutron after muon
o New electronics is being installed.

tag - :
- R=21.1 /kton-day
f |.74~3.65 MeV

{d Qpe=2.48 Me
1:—17"' 8 sec

o Factor ~20 reduction 10 [k - / ,
by ta neutrons 1 T‘?&/ﬁw
AN LN

7 3 4 5
visible energy [MeV]

BG level before purification

10°

BROV signal (m=02 V)

events/day/kton/MeV
=
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Background Studies (2)

o Toward spallation background rejection
o New elec’rr‘omcs MOURA ms’rallahon

o Ready to start data taking at ~ the end of this year.
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Background Studies (3)
o 214Bj 208T] in mini-balloon

o Rejection by delayed coincidence

o Range of a-particle in materials ~ short ; rejection efficiency is
expected to be small, relatively ( ~ 70%).

- also use 214Pb - 214Bj coincidence

o 208T| : energy deposition above 2.6MeV
but if light yield of Xe-LS is different
with KamLAND-LS, =2

24



Expectation in 1st Phase 33
o Simulated energy spectrum

10—
> [ e2v 400xSkgryears [l o oc ey (min KKDC)
L 8r (Tiz (Ov) 9B x 105 y)

S I Tz (2v) =1.0 x 1022y

1
2" |
!G’ = foattoon=25 M, Roatoar=1.7 M

I 208T| |#2ThU = 10 gig

of 5 0

E L L M cosm
[]' o — | Mt |
2.0 2.0 3.0

visihie energy [Mév}

o Backgrounds are expected far below the 3¢Xe OvBp peak.
o Sensitivity of 15! phase ; below KKDC claim
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Time Table of the (33 Project

o
........
..........
.......

__________

......
g,
......

______________________

Peripheral

Xenon storage/ purification/extraction

2009 2010 2011 2012 2013 2014 2015
__Im_-__|zmkg| ) ---|300qu|_-_ ‘mﬂll;g‘__ _________________________
|w|a||4okg| [ total 400 kg | ‘totd?ﬂﬂkg‘ [ total 1000 kg |

Mirror R&D

o 1stp

ata takin

g 2011

Aggressive?! estimation

3 month drain & dry

3 month deconstruction

2 month chimney modification

3 month construction
3 month LS filling

ol

ion

Physics targets

0v2p 250-400 kg

N

Reactor neutrinos

0v2p 1000 kg

Geo-neutrinos

important demonstration
for the continuous funding

Reactor neutrinos

Solar neutrinos

| Geo-neutrinos

26



Summary

o Next physics target of KamLAND : Ovpp decay
o Enriched 136Xe dissolved liquid scintillator

o Milestone

o 15' phase ; 250 ~ 400 kg of Xe = 60 meV (KKDC claim, degenarate)

o 2" phase ; 1000 kg of Xe with increasing L.Y. > 25 meV

(inverted hierarchy)

o R&D items for 1st phase

o Xe-LS development : already finished

o Development of mini-balloon ; making 15' text balloon

o Xe gas handling system & quality control system

; designing & development
o Background study ; simulation studies are finished,
New electronics is being installed.

o 1st Phase . start data taking on 2011/spring
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