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Double Beta Decay Xe P47

B One beta decay is energetically prohibited.

Only two simultaneous beta decays are possible; 2.46mev
doble B deca

B A number of double beta nuclei exists.

48Ca, 76Ge, 82Se, °7r, 100M, 116Cd, 130Te, 136Xe, 150N( etc...

B Two different modes can be possible.
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Motivations of OvBp Search

Bl [epton number violation
» Forbidden in the Standard Model

B Only Majorana neutrinos can decay by 0vi [
(v ="v)
» Hint for See-Saw Mechanism
Leptogenesis of universe 10 2k

M Effective mass and Mass hierarchy of neutrino |

Decay rate Nuclear matrix element &
-1 2
ov — Oov Ov |2 -
(Tl/Z) — f |M™] (mﬁﬁ > 10 °

Phase factor Effective neutrino mass
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Current Situation in the World

KamLAND-Zen 136ya — 136, 89.5
EXO-200 136y — 136, 32.5
CUORICINO 130Te — 130y, 19.75
Heidelberg-Moscow  76Ge — 7°Se 35.5
828e — 82Ky 6.3
267+ - 2°Mo 0.031
NEMO-3
100po — 100Rp 6.3

150Nd — 150Gy 0.093

>1.9 x 102>
>1.6 X 10%°
>2.8 X 10%4
>1.9 x 102>
>1.5 X 1022
>9.2 x 102!
>2.7 X 1022
>1.8 X 1022

<0.12-0.25" Combined

<0.14-0.38
<0.30-0.71
<0.35
<1.5-3.1
<7.2-19.5
<0.8-1.2
<4.0-6.3

Part of the Heidelberg-Moscow group claimed signal (KKDC claim)

with EXO-200

TV, = 2.33%03} x 1025y, <mgg>=0.18-0.43 eV (20 C.L.)

Some experiments are running near the claim.
->GERDA(’®Ge), CUORE(*3°Te), EXO and KamLAND-Zen (*3¢Xe)
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~1000m depth
2700 m.w.e

KamLAND Experiment

. 1,000t Liquid Scintillator
% Dodecan(80%), Pseudocumene(20%), PPO(1.36g/%)
i 2°U3.8x10” 18g/g, 232Th 5 2x10"Yg/g

Ak o DBl N D’ N\ |

i L Mmeral Oil
¥ i 1,325 tubes of 17inch + 554 tubes of 20inch PMT
34% photo coverage
B A A W W L. O

Ba® Water Cerenkov Outer Detector
‘ 225 tubes of 20inch PMT in pure water

Muon veto, Water shleld

KamLAND inAgr view =7, "N )]
B Wide energy range, ultra- Iow BG
0.4 1.0 2.6 8.5 [MeV]
B Many physics results T S S —
pile —soplo inverse beta-decay 7, +p - e™ +n

solar neutrinos, geo neutrinos,
reactor neutrinos, supernova neutrinos
etc...
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Xe advantage

1. Isotopic enrichment is available
Purification method is established

2.
3. Solubility to LS >3 wt%
4. Slow 2v rate so good separation

with Ov
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25um thickness nylon film, 17m3 volume

PC(18%,) Decan(82%), PPO(2.7g/?¥)
+ Xe gas(2.44wt%) 136Xe 91% enriched

Mini-Balloon

Xe loaded LS

+ Large scale and Low BG

CYGNUS2013

Expected background SOUrces\

(=]

—L
Q

2

vents/10keV/year

E

—_—k

Q
RS

. Simulation - Total  —208y
_'.' 186Xe 0\,’ 1

_lli 2V 136 - Be
| . — X e 2v

B \ 214B| ©e_10

Visible Energy[MeV]
(m,) = 150meV, Xe:400kg



Detector Construction

B Quick and smooth construction and installation.
B KamLAND-Zen 15t phase started since Sep. 24, 2011

2011May  Jun.  Jul.  Aug. | Sep. | Oct.
 G— Preparatlon of cIean room, f|Im cleaning, etc i
¢ > Mini- balloon productlon
At Sendai (super clean room) <]::> CIeanmg & Packing |
> Xe system constructlon & Insﬂallatlon |
| <:> C:{) Dummy-LS fllllng
Cleain room consﬁruction - {— Xe- |-$ filling
i i | | Remove filling pipe
| , | <:>—
At Kamioka (underground) T?St run KamLA?ND-Zen started

6/11/2013 CYGNUS2013 9



Class 1 clean room
at Sendai, Tohoku
University’s facility

B Material Characters

& Ultra-sonic
A cleaning using
=l Ultra-pure water

Il for bringing

il

Transparency at 400nm 99.1%
Breaking strength >20 [N/cm]
Xe leakage <0.26 [kg/year]
238y | 1.9 x 10~ 12g/g
Radioactive 22Th | 4.9 x 10_12g/g
Impurities
K | 5.6x 107 1%g/g

6/11/2013

CYGNUS2013

f
el L g

Mas filled

packed in clean roomg

To Kamioka Underground

10



Preparetion of Xe Loaded LS

Temporary Storage o
25m3$:f<2‘ il

<
b o *
.
-
S
.

l;x_/, & A h
LS Distillation System

\ e

e . -
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Installation

Class 10
Clean room
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FidUCial V0|ume DS2 has inlet pipe in MIB

for several activities.

DS1 DS2
Live time [day] 112.3 | 101.1
Fiducial Xe-LS mass [ton] | 8.04 | 5.55
Xe concentration [wt%] | 2.44 | 2.48
136Xe mass [kg] 179 125
136Xe exposure [kg-yr] 549 | 34.6

MIB surface

(a) 1.2 <E <2.0 MeV

4000

Events/Bin
(R
=]
=
=

(o
=]

Events/Bin
I
=]

=]
=

B Systematic Uncertainties

Fiducial Volume 4.0 %

4{:}{:1:;7%% I

Enrichment of 13¢Xe | 0.05 % z L N W
5 2('}(%i4Bi in LS
Xe amount 0.36 % @ ;
[ T O T R
Energy scale 0.3% 0 0.5

(R/1.54m)’

: — 5
Detection efficiency | 0.2% Fiducial Volume is estimated with 214Bi rate

Total 3.9% of inside balloon.
Systematic Error of FV. is dominant.
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Events/0.05MeV

Recent Results

B Event Selection

Fiducial Cut

1
2. 2ms veto after muon
3.
4
5

Remove Bi-Po events

. Anti-nu CC reaction cut
. Vertex-time-charge test to cut noise

After subtracting known B.G.

40¢
= (b)
35 —— Data ---- 28B4
C Total 8By
30 -+ Total Hom A g
= (OvBB U.L.)
25 :_ o IBﬁXC OVBB )
2oFE (0% CL.UL) .7
15
10
SE
O:_ . % e };
,5 :— 1 1 | 1 1 | | 1 1 L | |
2.2 24 26 18

Visible Energy (MeV)
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5] 10r g L, " Ovpp + 10R; + By
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= 3 - —  Spallation
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E -/ A\
o 10 | \
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F
10-1 _I || 1 | 1 1 1 L I II Irl I 1 I‘ III I I\ 1 1 1 I 1 1 1
Unexpected Background 4

T1), =2.30 x 10%'year
+0.02(stat.) + 0.14(sys.)

T1), > 1.9 x 10%°yr 90% C.L.
- Background

Half-life & energy spectrum fitting
m=) |dentified as “'"“"Ag
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After Xe Extraction

M Extraction Xe from MIB
- Check 2v[ [ disappear
- B.G. remains in MIB

- Confirm not Qv
Extracted Xe was collected into botlle
B Will be purified by distillation

Xe Extraction w/o Xe Run

0.3

DS-1

— Physics Run - ; :

0.25

Event/Day/Ton

0.2
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3 E . .
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'1 |JI; l‘l ] 1 LH‘ 1] JIJI:- | | 1 I 1101 | o1 | l[||1JL
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B Replacement with new LS
- To remove 119"Ag from MIB

Reduction factor was 1/4.
110mAg on balloon surface remains

0.05;— 10mAg T1/2 NZSOd ys .. = and diffused into LS
e ; - | LS rgplacqmlelnlti —_— Need to more reduction
0 50 100 150 200 250‘ | 300 DZ;OS Target_>1/1 00
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New item for KamLAND-Zen

| Purification for Xe The System is provided by XMASS group

K.Abe et. al, Astropart. Phys. 31,290-296(2009)

Off-gas Condenser

Developed for Kr removal from Xe.

Heat

exchanger
Original Xe /\/\}g\
I VAVAVANE

177K

Number of theoretical column: 6

| b Process speed: 0.6 kg Xe/h

tower

Getter
(0,,H,0,etc)

Higher boiling point materials than
Xe can be removed.

Processed Xe

Re-boiler

B 411.5kg distilled Xe was already §
prepared for next Xe-LS. |

B Distilled Xe gas will be passed
into Getter before filling.

Zr alloy

¥ | H,0, N,, O,, CH,,
| CO, co,, and
Metallic atoms
are adsorbed.

6/11/2013 CYGNUS2013 17



Repeat LS distillation and replacement
for MIB LS containing 110mAg

/ I
<
€ \\\\\
Distilled ¢ HERERI
AR 1 VAN
Xe gas /\] /| EEER \\\\\\\\\
o <o | il
0 i ]
o o) \\\\\\\\\\\\ | | fIi//////l/}
o o N
o O q N ey \\\ \\ \\ j /1 / // /
@ 310
@ 0
Total 4 times . replacement +2years™ oo lo o
replacement  with new LS(with Xe) (decay)
. Restart
D) kI L reduction! (ideal...) t
2] X7%2= 200¢ reduction! (ideal... measuremen
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Schedule & Expected Sensntlwty

2013May Jun. | Jul.

Aug. |  Sep. Oct.

T, » sensitivity [year]

> LS dlstlllatlon System mamtenance

At Kamioka

¢ D | LS d|st|IIat|on test & productlon (underground)

—> | Xe System preparatlon

<;

> Circular Purlflcatlon

= New Xe-LS fllllng
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T MOMAg 17100 case

M

* _— '110mAg 1/10 e :I(amLAND-ZenEre-start

In 190mAg 1/100 case,

—

o
)
o

We can achieve
T1); > 3.0 x 10%°yr

(mﬁﬁ)~80mev

PR PR

0 02 04 06 08

~—————— | for 6 month run time.

years
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Future Plans

<mg> / eV

lllulTl'l T 1117

\':

Non
o 'y

hy
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L EXCIUde KK )
Current DC claim (97, 59, C.L) 7

(KamLAND-Zen + EXO-200 conbined) —

After purification ( ~ March, 2014)

New mini-balloon (600kg~ 13¢Xe)
start preparation in this year

KamLANDZ2-Zen ] T ] |1; 54|m-

??,f"' S .| Expansion of opening section
3 :?}" \ ! ~
S _— ~1000kg 13¢Xe balloon
A & N
o _——— New brighter LS

&
a»} N,

. Light collection cone to
~ improve energy resolution.
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Summary

e KamLAND-Zen recent results
— Ti‘;z =2.30+ 0.02(stat.) + 0.14(sys.) x 10*1 yr
- T7/; > 1.9 x 10%%yr 90% C.L Worig P
— Exporsure 89.5 kg-yr
e Combined with EXO-200 -
— <mgg>: <120-250 meV Exclude KKDC claim (97.5% C.L.)
e Current activities of KaimLAND-Zen
— LS purification for reducing 11°"Ag B.G.
— After purification run will start from Sep. 2013.

— KamLAND-Zen will achieve <80meV effective mass limit by
the early of next year.

e KamLAND-Zen next phase is funded from this year.
e KamLAND?2-Zen has great potential to search below
inverted hierarchy.
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