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1 36X e Q=2.458MeV,

Natural Abundance=8.9%
T2V 1,2 =2.2x10%'yr (EXO, KL)

Rare Gas:

@ Enrichment, Purification, Chemical stability

< =

Easy to handle and scale up!

@ High solubility to organic liquids: ~3 wt%
Not affecting LS, Easy collection & reuse

\/

Xe + LS combination:
Excellent strategy with large vol. LS detector
like KamLAND !




K LA N D z Zero neutrino double beta
a m - en decay search experiment
Location: Kamioka mine,

1000m underground Zen(1% )=Spiritual practice of Buddhism of deep
(2700mwe) quiet meditation to find an enlightenment !

T
Rock -l 'TD .
cavern 217k Minor modification of KL

Stainle

steel tank il min => Low cost, Quick start

Mini-balloon (MIB, ~3mo)
Xe (320~380kg, 91% 13Xe)+
LS (Decane+PC+PPO), 13ton

1000ton Ultra-pure LS
PMTs (1325 177+ 554 20”)
¢ Quick start relatively small cost.
e Detector is well understood.
e Easy Scale up the Xe amount.
e Xe ON-OFF run can be done.

e Other physics done in parallel by

3200ton purified KamLAND (Geov, SuperNovae,..).
Water + 225 PMTs
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20— KamLAND2-Zen
4 Xe >1000kge Future



KamLAND-Zen Collaboration

50 physicists, 12 institutes

' Sep.17, 2016
' @Amsterdam
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Washington : J. Detwiler, S.Enomoto Univ. of Amsterdam : M.P.Decowski



KamLAND-Zen
Mini-Balloon (MIB)

Material Nylon film, 25um
Cleanliness o 8((18::12))353’
Mechanical strength >10N/cm
LS compatibility O
Xe tightness O
Light transparency > 95%@400nm

\-/ E
& Welding method 8
-, -
Xe tightness test  Tension Is the key ! ©
measurement
Heat
_ ——$— Additional film
Light N /!
transmission Gore film  Welding method

Optimization and control of the temperature
and time for the impulse welding
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R&D of MIB ~ Load cell &
2009~2011 25um Non : balloon susension

Structure, Handling, D
EVOH, Dec.2009 Deployment, : N
Liquid handling

Inflation ¢ 1. 2010

PE, Feb.2010

. May.2010
Test in a water pool
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Construction of MIB
June-july, 2011 Deployment

Super-Clean room (Class1) in (top of the detect
Tohoku University my P

Rinsing Ny film by purified water
using an ultrasonic machine

I
S

1‘ '
o | . | & - W
-t .

or)

leak check with
helium & repair

Phase | started Oct.2011
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Phase-I results

PRL 110, 062502 (2013)

108

89.5kg 136Xe exposure
Event selection : FV (R<1.35m), p-on cut (<2ms),
Delayed coincidence cut (2'“Bi-Po, reactor v).

A peak in the ROI (2.3-2.7MeV)

110mAg dominant (-, Q=3.01MeV, t=360d) !

: Peak position and shape are well reproduced and
the decreasing rate is consistent with the half life
of 119mAg, 60Co, 208Bij, 88Y : not well fitted.

._t—FiItration ]

0.3 ooy romn Fuk_ushlrr!a-1 reactor
g . we-we accident in 2011 :
%o.zj | o 134CS/137CS, 110mAg
%01 20987 k%+ found in the soil
& around in our lab. in

RO R Tohoku.

0 50 100 150 200
Days

Other backgrounds were identified : 214Bi, 1°C, 136Xe 2v

Strong limits are provided ;
T%4/2 >1.9%102° yr (90%C.L.)

> 3.4x10% yr (90%C.L.) (KLZ+EXO-200)

{mpp) <(120-250)meV (90%C.L.)
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“K.K. claim” in 7®Ge was disfavored (97.5%C.L.).

We conducted Xe-LS purification !
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Xe-LS purification
Jun.2012~Nov.2013

Events/Day

Before (112days)

1

o
in

Xe system ._

Water extraction
+ 3 volumes of
Distillation

>

After (115 days)

12

~ 41 Distillation

+Filtration
(charcoal, sintered
metal, 3nm PTFE)

+Getter

Start Phase-ll
(Dec.2013~
Oct.2015)

Xe 380kg

22<E<3.0MeV,R<1m

Events/Day

0.5

e
O+

Purification i 22<E<30MeV,R<1m

+%%

Il Il Il
Oct 2011 Nov 2011 Dec 2011
Date

Il
Jan 2012 Dec 2013  Jan 2014

Feb2014 Mar2014 Apr2014

110mAg was dramatically removed to <1/10 !



Events/0.05MeVbin

Phase-Il analysis

PRL 117, 082503 (2016)

10° E

10°

10°

Simulated 2'“Bi Event Rate (Events/Bin)
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S

X*+Y? (m?)
Vertex (R®) distribution

L —e— Data

02 04 06 08 1 12

----- Spallation

IIOmAg

(c)

(R/1.54m)?

214Bj dominates on the balloon
with strong z-dependence !

Simultaneous fit of the energy
spectrum for 20 concentric
spherical shells of equal-volume

for upper and lower hemispheres
each.

136X e, 504 kg yr (Dec.2013~0ct.2015) 13

Event selection :

R<2m, p-on cut (<2ms), Delayed coincidence cut
(21“Bi-21*Po (<t=237us), 212Bi-2'2Po (<1=0.4ps),
Reactor v), Poorly reconstructed event cut.

214Bj—214Po : MC study for decay

vertex by Geant4 simulation
.~ Vertex distance (AR) is
+ Data | well reproduced.
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AR (cm) 21%Pb

10C rejection by triple Neutron detection by

coincidence ; y-n-1°C MoGURA electronics
Cut: AT<180s, AR<1.6m
il > 2.2<E<3.5MeV
180s, Rejected
% 108
k7
|
] 0 100 200 AT (S 00
Q= 3.65MeV Rejection Eff.=64+4%



PRL 117, 082503 (2016)

T IIIIII| T IIIIII| T IIIIIII| T III!!I| -l T III|

(a)Period-2 . paa om A o
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ROI (2.3-2.7MeV)

There is no excess in the ROI
over the background.

R<

1m

Xe-LS

MIB

Spalla-
tion

Summary of the 14
number of events:
Observed and Best-fit (+estimated)
R<1m, 2.3<E<2.7 MeV,
Period-1 Period-2
(270.7days) (263.8days)
Observed 22 11
136X e 2vBp 5.48 5.29
214Bi 0.25 0.03
208TI 0.001 0.001
110mAg 85 —1—> 0.0
214Bi 2.56 2.45
208TI 0.02 0.03
110mAg 0.003 0.002
10C 3.3 (2.7:0.7) | 2.8 (2.60.7)
6He 0.08 (.07+.18) | 0.08 (.07+.18)
12B 0.16 (.15+.04) | 0.15 (.14+.04)
137Xe 0.5 (0.5+0.2) | 0.4 (0.5+0.2)

Xe-LS is purified, 11°"Ag has gone !
136X e 2vBp
214Bj from the MIB.

19C from spallation events
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1(;; || """"" KamLAND-Zen Phase-1 Limits On T0V1/2 (goo/OC- L-)
‘ — — KamLAND-Zen Phase-II

ia \\\ KamLAND-Zen Combined Phase-l : >1 .9)(1 025 yr

o e Phase-Il : > 9.2x102%° yr

AVGEE i

) Combined:

1 T%4/2>1.07x10%6 yr

2F "'-__

d WSH 10 15 20 25 30 35 40 : :

T%2 (102°yr)
- {(mgp) <(61~165) meV

3 KA 4 Mignest < (180~480)meV (90%C.L.)
1L - Gel\fo
> | | l | ,
§/10_1; KamLAND-Zen (‘*°Xe) I 3 l What S NGXt .
~ | " : 110mAg has gone'!
g | | 136)e 2v => Improve AE
o . : (Challenge in the Future)
Joak I 214Bi => Replace the MIB

10+ 0@ 102 10 50 100 150 10C => |,|-n-1°C coincidence,
Miightest (€V) A +New analysis method.



KamLAND-Zen 800 ..o e
am -£Len explore IH region!
A new MIB of twice the volume was constructed in much
improved cleanliness control than Zen400 MIB !
Clean wear 2-stages; one for ultra-clean New New elding mahine New
room for MIB, and the other for -
preparation work. They are |
washed everyday after the work.
Goggles New
—tr—-— 5 B nner suit + outer
v & suit (for ultra-clean
room) - New Check more carefully dusts on the films

and tools.
gloves ~ New Wash every parts and tools more
New (Szh(s);s os) New trougw -
Stack 3 films for protection ges; ~
against dusts. protection film

— «— Balloon film

Leak check with Helium Repair

protection film

?}.\ Z / 1

The new B was depl

16

ed into the KamLAND In the last summer.



New MIB in the detector viewed 17
by a fixed-point camera

The new MIB deployment (Aug.’16)

After inflated with dummy LS, we found a
leak (~40£/day) by several phenomena.
MIB was collected (Nov.) and checked.

We found small holes on the welding lines.
Film didn’t break, but welding lines break.

Welding done as the same way for the first Welding line

(Zen400) MIB didn’t break.

We didn’t lose any Xenon.
The data show the MIB film is much cleaner
than the previous one ; U,This 2.5 and ~10
times cleaner than Zen400-1 and Il, respectively

MIB shape (Camera, data
analysis) and total weight.
Analysis of the MIB-LS sample
(decane-based) showed the
outer LS (dodecane-based)
component.

214Bj—214pg (Delayed Coin.)

We decided to start a new MIB construction.
The new MIB will be installed in KamLAND this autumn.

Te]
e 7 ..
- (Unit=10"%g/g) T 4 preliminary
F ret" i 5 238U 232Th % 5 (~16 day data after the
4 initial Rn decay out)
After washed 2 6 Red: Total
3 Blue : Film
Zen800 5.3+0.8 317 5
Zen400-| 141 793 g
Zen400-I1 4614 3362 R T e

(r/R_baIIoon)"é



>1000kg Xe to fully '°
KamLANDZ-zen cover IH region !

Improve AE/E—2.5 times better to reduce 2v{3f3.
Big upgrade of the detector for more photons !

R&Ds are New LS (LAB) x1.5 —_ o @0
ongoing!  HAQE 20-inch PMT x2.1

. : : Remove 210Pb and
Light collection mirror x1.8 ; ;
improve optical
impurities.
i o T0%RO Simulation
* Prototype Metal scavenger (R-Cat-Sil AP)
*ulin__ 4 ULt - 100r w545 \ .
AT £ o O]
gt a1 $--1 (_3 80; ® 9.0cm o= gl\snipg
> £ ® 6.0cm é
O 70? :g:: vacuumed
10 20 30 40 GEJ F A 98% remova
Incident angle (deg) = 60 10 oem
£ 50:* : gzz;rm @/E 1<0.15MPa ¢
o ; ® 0.13cm AE75015MPa i
_ / %5 10 15 20 25 30
Imaging for B-r 210pp removal LS flow (ml/min)

balloon

discrimination //Scintillatin 6

Improve tagging eff.
for Bi—Po

Polished metal 8 Multi-anode PMT

Electronics upgrade & new analysis
method for better 10C removal.
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[ #Ca YZr Nof
s Prospect
1 7 ‘:A\:SA

3 ¢ & L7

Ge*®

| x> KamLAND-Zen400 *¢ 980k

— 161-165 me b T

N | ==} ===
€ 1oa "\\ KamLAND-Zen800 <~ -
~ o 40meV.
109 ' KamLAND2-Zen

10'-‘. ..“‘i.Jo-an 111111.6-2. ....1“.01-1. ..“,..50 100 150 zomev
Miightest (€V) A

Accelerator/Atmospheric v experiments (NMH 7)
CMB : Z2my~O(100)meV

{mpp) can be in “IMH-region”.

Improved sensitivity can make a
“SURPRISE” at any time !



Summary

e KamLAND-Zen is a unique 0OvB search experiment using a
Xe+LS with MIB in the ultra-low background facility, KamLAND.

e In the first stage, KamLAND-Zen400, phase-I| (320kg Xe) and phase-ll
(380kg Xe) after the Xe+LS purification were performed, whose data
corresponds to 1%%Xe exposure of 593.5kg*yr.

e The analysis has provided the limit on the half life T%1,2 >1.07x10%%yr
(90%C.L.) and constrains {mgg, < (61-165) meV (90%C.L.), which is the

most stringent limit and approaching to the IMH region.

e A new phase KamLAND-Zen800 with ~750kg Xe is under preparation
for making much cleaner MIB to explore the IMH region. After a trial in
the last summer the new phase will start this autumn.

e Qur future plan is the KamLAND2-Zen using >1ton Xe. Many R&Ds
are under way aiming to full coverage of the IMH region.
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Thank you !




