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Neutrino is Majorana®?

Neutrino oscillation : mv # O Neutrino mass

Absolute mass scale 7 Dirac Majorana

Hierarchy of vi1,v2,v3?
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Generation
Neutrino mass is much lighter

than other particles.
It looks un-natural !

Matter dominant universe can be explained
(not anti-matter dominant, not equilibrium matter)
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Ov33 decay event search

Only one realistic experiments for Majorana neutrino test

Energy spectra for 38 decay

Ovpp decay

00 02 04 06 08 10
(T1472)/ Q

. (A)Z) = (AZ+2) + 2e
- Monochromatic peak at Q value
. 23 generation

- Backgrounds

v Environmental y-rays

Energy region of Q values is few MeV
v Cosmogenic neutron
v Cosmogenic radioactivity isotopes
v Radioactivity in container, etc.

v Tail of 2vpp (depend on Eres)



Ka M I_AN D Kamioka Liquid scintillator Anti-Neutrino Detector

2700 m.w.e. : 10> muon from ground level
In Kamioka mine, Japan
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Photo coverage 34%
e 17 inch PMT 1325 + 20 inch PMT 554

P Yale

N\ fdata/ry) pen-physcy/run0 1 1084/rin0 1 1084 -000001. 11

Event display

Evis = 2.73 MeV
U%,y,2)=(20.4,-167,-24.3) cm

Vertex

Charge + Time + transparency — Energy

Energy resolution : ~6.4%//E(MeV) (sigma)

20 inch PMT x 225 57

for outer detector Vertex resolution : ~12cm/vE(MeV) (sigma)

\ w775 17.inch PMT x 1325
| . .. *20inch PMT x 554 . U, Th level of LS in balloon : 10-17~-18 g/g level
A ] —— . e - ol 4




KamLAND

Ka m I_AN D"Zen Zero neutrino double beta

decay search

e — = KamLAND-Zen
’ﬂ & MTF mx\\_ . 136Xe loaded LS in inner mini-balloon
/ 1 mi x\% . 90.6% enriched 136Xe

fc‘{fﬂ T “I—J L,;, o Q value : 2.458MeV
';Q ,j:?' Mﬂfi; ) k. \7:“@'7;:3% Xenon gas soluble 3.2 wt% in LS,
T ,,/{}Vf /2 I ““‘353@% Xenon can be removed from LS by vacuum
g ,,f"xj}{ | *——«% 3.4'\.\ ‘t“}g | and gas bubbling methods

‘ﬂ,{:/ ,’:/ 5 Vi R BN :‘ Only detect scintillation light with no particle
}5’”/ s{f"}’;" ,"," f' ? ™ — :\4“ 3“ ID methods (between 2 beta and gamma,
i‘;’{ .t;; : | ll ™ ’lllzn )E single beta, alpha, proton)

?uﬁd\ :';:E},:“.:.‘s\'\', ixl ". ! , ;‘ ',;' ] ‘ ] Z» Energy resolution : 6.6 ~ 7.3%/E(MeV) (sigma)

\C Vinmm ,‘ ,'} ‘,"! /’////2;? ’} Low radio-activity environment

™ ___,g;,'g"y Ultra-low background LS is shielding for

gamma-ray from outside.

Scalability in 13m diameter balloon




Inner balloon for KamLAND-Zen

Inner mini-balloon

- Polymer materials have much lower 238U, 232Th

contamination than metals

- Low mass container to reduce 238U, 232Th

. Made by welded 25 yum thickness nylon film

- The film is transparent

- Made in class 1 super clean room

(to avoid surface contaminations)
Zen 400 production

weldlng machlne
(handy type, 30-cm-long)' I3

cutting



KamLAND-Zen 400

v R = 1.54m mini-balloon

o

383 kg : 2013 ~ 2015 Phase I

v Xenon 320 kg : 2011 ~ 2012 Phase |
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KamLAND-Zen 400 Phase |

2011 11 2012 2012 20 2013 2015
Sep. [ Oct. Feb. Mar. Jun. Dec. Oct.
< > « > >«
KL-Zen DS-1 DS-2 Period-1 Period-2
Started Phase-| “Purification Phase-I| g

Lower limit for OvBp in phase |
T1/2 > 1.9%x1025 yr (90% C.L.)

Phys. Rev. Lett. 110, 062502 (2013)  136Xe 89.5 kg-yr
5
10 E @) DS-1+Ds2

Data
— Total

104? ZVBB HOmAg
. 1032 214Bi from inner balloon - It looks Ag came from Fukushima reactor
E - accident (Because 137Cs is also observed)
§ 102%— TN - Ag existing in LS and surface of balloon
2 P
a 10g | '

1_ .I- AN Purification
- OVBB / & % LS : purified by distillation
101 b i — (S?OALC;LI)E é — 4'1 — Xe : Extracted from LS,

Visible Energy (MeV) Xenon gas was purified by distillation

and getter filter q



KamLAND-Zen 400 Phase |l

2011 2011 2012 2012 2012 13
Sep. Oct. Feb. Mar. Jun. Dec.
< > < > < > <
KL-Zen - DS-1 DS-2 X Period-1 Period-2
Started Phase-| Purification Phase-l|
Energy spectrum (R < 1m)
10¢ - (@ Period2 . pg 0wz
e — Total L VL ¥ 2vpBP result
sy oyt T Total +"°Po+ Kr+"K T1/2 = 2.21+0.02(stat.)£0.07 (syst.
> 10 e ZVBB \ (OvBB UL - IB/External ( ) (2¥ )
< - "Xe 2vBR Spallation x10 yr
@ 10% & — *Xe OVBB . Consistent with EXO-200 result
=~ (90% C.L. U.L.)
2 1051 f OvBR result (only Phase II)
1 ;— | o p [ Tu('&hj ! T1/2 5 9.2x1025 yr
- | i
10! i S

“““““““ Visible Energy (MeV)
Film BG (214Bi)

Inner surface of mini-balloon was contaminated by pump failure

at purification, then fiducial volume was 43% at phase |l



Results for KamLAND-Zen 400

Limit on the 136Xe half-life Limit on the Majorana mass
10_; ‘ - - yCa YZrTNd}
9+ - KamLAND-Zen Phase-I : [ Sf c{dre

s — — KamLAND-Zen Phase-II 1E :— Te
8+ \ - E geMo
=R KamLAND-Zen Combined B B t l
T i I
\\ EX0-200 (2014) - E i e
6r: = 107" KamLAND-Zen (136Xe)l 3 l
= st = | :
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20y 1 _ NH [
L T o 1073F —
OE — - T'+'1'T'r'r_'|":-:- ST B e AT BRI o T B
0O 5 10 15 20 25 30 35 40 10* 107 102 107! 50 100 150
Ty (10% yr) Myiohest (eV) A

Phase | & Il combined analysis

T1/2> 1.07x1026 yr (90% C.L.) {mgp) <61-165 meV

Phase-1: T2 > 1.9x1025 yr We reached {Mss> < 100 meV
Phase-2: T12 > 9.2x102% yr
PRL 117, 082503 (2016)



KamLAND-Zen 800

v R = 1.92m mini-balloon

v ~(50 kg of xenon gas

|:,',.-.',I ' }f . . . B

,f',/,.//;;:f;/,;,%”ﬁg“’f v This phase will begin _ -
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KamLAND-Zen 800

25 um thickness

. nylon film production

x1 by welding
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mini-balloon
Installation
In KamLAND

Exbansion
dummy LS fi




Mini-balloon production

Toward ultra low background vessel

The cause of contamination is dust from outside

= Clean wear control

= Static-electricity control
= Particle flow check

= Film cover setting

= Semi-automatic welding machine

13



mini-balloon production

Toward ultra low background vessel

The cause of contamination is dust from outside

= Clean wear control

Class 1 super clean room
(changing/preparation room)

Outside of clean room

Class 1000 clean room

Class 1
mini-balloon
production
Room

Clean inners 1st clean suit SSSTRNT (88
clean suit change

Once we wear,
Suits go to laundry

laundry
twice a day




mini-balloon production

Toward ultra low background vessel

The cause of contamination is dust from outside

= Static-electricity control
65% humidity prevent static-electricity
= Particle flow check

Check what cause of particle generation

Mist generation system just
before ULPA (HEPA) filter

_|_

- -.:ﬂ | v
- Check particle generation by our hands, suits, etc. ‘

- Particle flow on/near desks

- Wash hands just before touching mini-balloon film lon generation system

15



mini-balloon production

Toward ultra low background vessel

The cause of contamination is dust from outside

= Film cover setting

= Semi-automatic welding machine

mini-balloon film was sandwiched
between 2 clean nylon

Zen 400 Zen 800 _ _
(strip edge when welding)
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Hand welding by Semi-automatic welding by scientists
company person - Particle drop control from human
- Speed up
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mini-balloon production 2017 ~ 2018
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|ON Mmay 10, 2018
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50cm width for detector access



mini-balloon installation way 10,2018
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mini-balloon installation
with + 0.4% weight liquid
scintillator to KamLAND LS







Dummy LS fllllng Dummy LS = non Xe loaded LS
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X »

After 30.5 m3 LS filling, we started DAQ to investigate background status of LS and mini-balloon
21




Dummy LS fllllng Dummy LS = non Xe loaded LS
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After 30.5 m3 LS filling, we started DAQ to investigate background status of LS and mini-balloon
22




Dummy LS fllllng Dummy LS = non Xe loaded LS

No mdlcatlon of Ieakage observed Ve

~ Camera, ' X

: o LS aht VT S (
' Nat@al Rl events

S composition measurement by GC analySIs
After 30.5 m3 LS filling, we started DAQ to investigate background status of LS and mini-balloon
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Backgrounds and purification

Events/0.05MeV

600

500

400

300

200

100

T . 430 ns
~ event time window
—» Pile-up
Energy spectra of tagged
Bi-Po from Zen400 data

Ovﬂiﬂ RiOI
Po -
]Ml Bi+Po

s

232Th in LS
- Zen 400 . 5.9%10-17 g/g
- Target < 0O(10-1%) g/g

. After LS filling : O(10-1%) g/g

Sensitivity is not so bad by this condition

W

LS Purification by distillation
(to achieve best performance)

24



Purification
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Purified LS
with 222Rn

1.5 2 25 3 35 4 45 5
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Purified LS is monitored

N by 222Rn coming from

;cji' pipe line emanation

% 222Rn daughters

© 214B] = 214Pg + 214Pp
T p o

&

& T.237US

After the purification

- Xenon is dissolved in LS
Physics run will start this winter
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Summary

KamLAND-Zen searches for neutrino-less double beta decay
with 136Xe loaded liquid scintillator

KamLAND-Zen 400 reached {mgg) below 100 meV

KamLAND-Zen 800

Inner mini-balloon has been produced using various low-
background techniques

nner mini-balloon was successfully installed
Iquid scintillator is currently purified
KamLAND-Zen 800 DAQ will commence this winter
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KamLANDZ-Zen
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Energy resolution -> 1.8%

- High light yield LS
- Light collection mirror
- High Q.E. PMTs

yCa Y7Zr Ndy
Se €
Cat
1E l {Te
GeMO
|
- Xe
2 107"t KamLAND-Zen (**Xe) 3 l
£ L
107%¢ 2
| NH i
107°F 3
C vl v vl v vl vl b b |
10* 100 102 107! 50 100 150
mlightest (GV) A

- Scintillation container for 214Bi rejection
- Particle ID by imaging devices

- high xenon concentration LS by
oressurized to reduce 10C
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