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Current world best limit from

KamLAND-Zen

Zero Neutrino
double beta decay search
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320kg for phase-| amount
380kg for phase-II so far

750kg for Zen 800 (to start in months)

Advantages of KL-Zen

© low cost and quick start

(running detector)
(D BG can be identified
(full active thick shielding)
@ In-situ purification possible
(liquid media)
@ On/Off measurements possible
(xenon is removable)
@ multi-purpose
(geo-neutrino)
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KamLAND-Zen started in 2011
FY2009-2013 (O low cost and quick start

HZMiIFY2014-2018 purification & double size
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Thanks to full active apparatus,
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E y T XT 2vBp ssKrl 0 L o— i‘;xe 2vBp pper fimiy SpeCtrlu M Sim ple
s ota 2085 - - Bi
B (Ovpp U.L.) Bi - Y 03Mps DS-2
88Y L — Ag d
? . o 16X Ovpp 110m 5 5 External BG ot o HomAg’X2 =222
ELo (90% CL.UL) __p 8 — * Spallation N - B Wi 4= 806
= /1*3‘ — - Spallation 0 :‘ By 2=10.16
E Vo \
L \ 5
e/ IV SO\ L AP W1 ¥T 0% S I D - O EOUPRRRE TRty S TP
2 \ i e L T 2
ﬁ_..A-I.-.... \ \ y ; s 9 ..... e 8 - .. u i
= - DU 5 K 4 2 24 2.6 0.1
E o & Visible Energy (MeV) . .
F : A\ %/1208T] is above ROI | confirmation
| I g | - F M L Eﬁ;
1 2 3 4 by decay
Visible Ener MeV 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
gy ( ) % 50 100 150 200
Days

Xenon can be degassed from Xe-LS.
And 136Xe 3on/off measurement has

been demonstrated.

(useful for signal confirmation)
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Phase-1 320kg

before
purification

Events/0.05MeV

10

T Illlljll T IIIIIII| T IIIIIII| T !:"Illllll TTF JJ,-Hl'

(a) DS-1 + DS-2

BXe OVBB
(90% C.L.UL.)

2381 Series
232Th Series
210g;

851,

2081 :
--7"Bi

88y
110m o g
External BG

- Spallation

LR g TR

after 1.5

Phase-2 380kg

after
purification

110mAQ
reduction
<1/10

Events/0.05MeV

10*

1

10—1 L

Il 4] 3
Vlslble Energy (MeV)

YIS puri

>1.9x102%y

110mAg

LS

214Bi balloon

10C

LS

LS

2v2f3

Ification

T IIIIIII| T IIIIIII| T IIIIIII| T IIII!!I| B III|

. (a) Period-2

—— Data
— Total

(OVBB U.L.)
1356 2vBB
oy OvpB
(90% C.L.U.L.)

__lom g
23875, 232, , 2105
+219Po+*Kr+*'K
IB/External

---- Spallation

R<Im

Visible Energy (MeV)

2013/12/11 -2014/10/27
534.5 days (504 kg-yr)

(cf. T1/2(11OmAQg)=250 days)

@in-situ
purification
possiblell
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KamLAND-Zen Phase II (380kg xenon loading)

[ §Ca  YZr N&f

Se i
l’ l'Te

Ge 1\1[0 l

Xe

= 107'F KamLAND-Zen (**Xe) 3 l
£
1072 3 It also provides
: upper limit of
‘ N Miightest at
107p | | - || 180-480 meV.
10°* 107 107 107 50 100 150

Mo pese (V)

A

<m55> < (61 _ 165) meV PRL117, 082503 (2016)
IHIC R T 7o R E 7R ke |
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What KLZ has claimed as advantages are

all demonstrated;

© low cost and quick start
(running detector)
(D BG can be identified
(full active thick shielding)
@ In-situ purification possible
(liquid media)
3 On/Off measurements possible
(xenon is removable)
@ multi-purpose
(geo-neutrino)
® easily scalable
(mini-balloon)




~(Cleaner and Larger~

cleaning, cleaning,
cleaning!!!
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~example of improved operation~

before after

BENSRWNT ?
dJ—7)
"/)L— BEBEDE A
INET=Y = HIN—>— K
TEFR
¥ HEICTE
U —VTEER




New mini-balloon has been deployed and inflated with
‘dummy” LS in August 2016

spent 1+ a vrs in total
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through characterization of mini-balloon

We confirmed that the mini-balloon is cleaner !l
Measures we took worked!

reliminary
6

FRER 2 Targe;
This time* 31+-7 5.3+-0.8

Zen 400 1st 79+-3 14+4-1 -~ '| / '| 0
Zen 400 2nd 336+-2 46.1+-4

Yes, cleaner!
At the same time, we noticed:

- . H HR - Total :-32.9+0.2 L/day
Indlcatlons Of |eak; Tlme variation Of - Upper (cosB > 0.4) :+0.510..2L/day
Volume - Cone part (cos6 > 0.7) :-2.11+0.2L/day
. |ntegrate R vs cosO - Middle((—O.; < cose) <0.4):-23.0+£0.2 L;:ay
. Camera Ima e —_ C N - Lower (cos6 <-0.4 :-10.5 £ 0.2 L/day
J Nl R s N N N Wt
- load cell 2, F PRI T
3 E Before moSiifying
- balloon shape reconstruction Y
with 210Po events 15 Eoes L S e A
» 222Rn decay rate N mormnt S B
. E II}HH i "Q h ] ]
- mixture of KL-LS and dummy-LS g B i i i
b e 1
0
by gaS_ChromatOgraphy Aug. 18 Aug.25 Sep.1 Sep.8 Sep.15 Sep.22 Sep.29 Oct.6
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|
tj,. \ W
lI

HIEEFZE<ITD
F > f=FlREE

BARICESEE L
IFTULZE- L

~lcm

~lcm

© W THKE
o I THRE

f 0 Tl HBSICZER
| ERENof

36




5 yrs of effort

after 1

|ON May 10, 2018

tallat

INS

-palloon |

mini

R
T[]
[

|
I

[ [ 1]])

T TN

[

AN ERRRNN

[~

| 1]
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50cm width for detector access



Dummy I—-S fllllng Dummy LS = non Xe loaded LS

After 30.5 m3 LS filling, we started DAQ to investigate background status of LS and mini-balloon
38




Dummy I—-S fllllng Dummy LS = non Xe loaded LS

-

]
]
]
1
I
1
I
]
L}
L}
1
L}
L|
L}
L}
1
1
1
1
1
1
1
1
1
1
1
1
1

-

e background status of LS and mini-balloon

After 30.5 m3 LS filling, we started DAQ to investigat
39




SimUIatiOn, mini-balloon stays as expected




2 | [S

Sl e e ¢ o elle o

Yry—

214Bi-Po Delayed coincidence

Basic investigation before xenon.

mini-balloon is clean

no evidence of leakage

238U is low enough x4 8BvBG
1? 232Th(~10'5g/g) tolerable but..

64.06%

B+y
2.25 MeV

Bi
212Bj 212Pg Po
> (BT

100% ‘ «<—— 200 nsec —
a
8.95 Mev
~0.7 MeV(vis) D]

600 I ‘

500F §0V2,8 region
C -—
4001 :

Events/0.05MeV
o
@)

300F
200F

100}

10C is x2 of 8B v, but new analysis
looks promising.

We chose purification! »



Ultra pure KamLAND can tag sequential
decay of 220Rn-216Po in 232Th series.

5.75 |°
208T], 212Bj-212Po can be suppressed el
with 2 days veto after the tag. 3.6

Useful for low threshold 8B neutrino =~y
observation and Ov 28 search 220Rn

55.6s
6405keV
216 Pn

216 | |

0.145s
6907ke\
212 PbH 212.0:

54.14212 Po
212 I -—'.O p
10.64h 573.7 60.55m 2254 0.299x10 s

35.9% 62 8954keV

208 T| 208 Pb

208

3.053m SOO1| stable

KL2-Zen needs to keep
210Pp (accidental source) low
and to use scintillating balloon.



World -leading KamLAND-Zen T

C{Ca Zr N /% -
- - Se Te
: - l T === (= &%)
1 __ | Te K/

- RIVBIS Ge Mo /j/’/r \\\\\
i { V. ///// Il VAN
. Zen400 reached l
i 26 - Xe

—

= 107'F KamLAND-Zen (**Xe) l

Q -

/g [©eeeeececoccecsocsccscscsoccsc|loccfoceesocsoce ke oA R ’

s . < SO -

~ amaguchi .

1072F 24-55 me\/;-g_ _____ ‘ \\ =
B N ' \‘ low BG film, 750 kg xenon
C [ ‘. KamLAND-Zen 800 is coming.
i NH i . L PR ‘
107°F -

C | | IIIIII| 11 IIIIII| 11 IIIIII| | | IIIIII_I | | | | 1 1

10* 100 102 107! 50 100 |
Inlightest (GV) A |

KamLAND?2-Zen

%, better resolution p
% scintillating film  48*

Discovery may happen soon.

KL-Zen is closest !l .



FEEKRKOME - X791 —)

2019 HLZY R#800 (3/TT) &:133(EH
=t/ V#EE(200kg) || 4EH
2020 A EFEREA 2(&M (MITH 1.5(8M)
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_ e 377
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£57:81 HAFE sy
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KamLAND2-Zen Winston cone (¢35 —)

CYNCIEWN
5k U REDH D TIFHE

1000kg iEiE¥t />

RIEY Y FL—Y R

N gm0

WUREEZ > x1.8

HLZ Yy MREY Y F L —% 8,000 yxtF/MeV
BENREY Y FL—5 12,000 3xtF/MeV

x1.4
SETIMEPMT
17”7D->20"D, €=22% -> 30+% x1.9

BHETE < 2%

SREIEE N/~ B
R ~20meV /5

i

E

(I




=N

Phase 2 Internal (R<1.0m)

" P N T Y O
e

]l

Residual (o)

sSmE - R

4k
2

2

4
s

preliminary

IV
vEl|o
Visible Energy Mev) D
320kg || LSk 380kg f,f; S=p—
Zen 400 phasel | | Zen 400 phase?2

H24 ' H2b

A

X

R

H26

H27

KamLAND2 I [ (7 7= £ T 51

Power
+12V&+5V

Analog
M x 0.2 AMP (L-gain) : w3
x 40 AMP (P-gain) 5
FADC
250 MSPS
& 1 GSPS

lmuul

LH

FPGA (Artix7) ]
1

2 | 4 .,:'uuin 5

Ethernet
(RJ45)

From honda-san slide in KL collabo. Meetning in Sendai

B ooewvosn | FT RS EEF[O]

FRODIE
IR 2ch
A&16ch

H29

Input & digital BLR with high spec DAC
(samp=250MS/s, tint = 0.1us, gain=10)

n
o
o

e
w
o

o
o

Digital BLR

D=Zal—

avick
SHF

time [us]
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R&D for KamLANDZ2-Zen and future

Q winston cone O HQE-PMT O New LAB-LS
- \x1.8f

LAB (Linear Alkylbenzene)

HiC(CHp) Yy (e
| G

succeeded with x]1 4
Molecular sieve (13X) [

succeeded with

p~ prototype in hand

prototype
O denser xenon O scintillator film O imaging

<5 14 o
9; 12 by tag a in film
=~ 10t}
z | \ \ 214B;
9 2!1%Po\teduction
Q .|
S 3-12% \\<
7p)
o @30m depth .| welding succeeded  [rrag
>< o0 005 01 0.15 0 025 03 035 04 045 po reqUireS fluor

Xe partial pressure(MPa) C' replacement

o-cil L/ ” ’ J

30L prototype

principle confirmed
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Poly Ethylene Naphthalate (PEN) | SO

welding easier & strong enough

Light intensity

P | | P R RN
0 I I400I B I450I ‘ 500 550 600

wavelength[nm]

requires Bis-MSB in LS

t-t, t-t,

N = Aexp(- .C—f) + Bexp(- T_s) + N0

200

180

160

140

120

100

80

60

40

\IIII|III|I|I|I|I|III||II|I|I|I|I||Il|

20

P AR T e e S AT M i )
200 250 300 350 400

0k L I R
(] 50 100 150

Time [nsec]

T~27 nsec, much slower
than Kam-LS 4 nsec

PSD possible

Test balloon in UV light




KamLANDIZ VIV FIN—IK X BEFEH

OBRER (8BEH) FRFF=1—MY/REHAE (BERRFFEERIETEE
OXBEeB=a—hkY ./ TOMSWHIEROREE GhrBEF Ol & REAERA)
OKRKBCNOHU 1YL= a—kY/ D& (S 5KE2EMRITEEL & FHBVEFEER)
OZa—MJ/ERZa—MN)/DIEFOLHBTCPTENZREE (ERERETFIFOEEE)
OJ-PARCZ=a—KVYU/ZE->YBHE GhREFEER & REEA)

OFt/ vZFE->KEENLGEEVERE (2555 EMUEEL)
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RFIFY

I

44 - -
-8 days -1.7 hours 0.2s

Time before and after core-collapse [ NOT TO SCALE!]

x. L} I Ll I Ll I 1] l Ll l L l L I L]
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true values
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% i D FTRETE

KamLAND ISODARETIH

Xe facility room

Princ j Liquid e 4
ntillat rifichtion & {
!

5 m3 tank area

First Liquid Scintillapo
purification

Xe facility réom

arXiv:1710.09325

IsoDAR
Preferred Site |

LAY W
PN i

f
e  —

]

ﬂi’.'Fh_'b'ﬁjlﬁ‘U"f7 Ak I:I /’a’:nx

™

22 x 22 x 10 main cavern
16 x 10 x 6 target cavern
12 x 22 x 4 front porch

60 x 2 x 2.5 escape drift

Main cavern ==

“4ERE®:

Front Porch

Target Cavern

=

J—FU/EW%

» Escape
Drift

.

DANSSER

Ratio Dn / Up

0.78 Am2= 1.4 eV?, Sin(20) = 0.05 -
0.76
0.74 I"__
pomsese as o
l\_ i __ ]
0.7..-_ - = _+_
0.68 - -
0.66
0.64
1 PRELIMINARY L
062 280
1 2 3 4 5 7

6
Positron Energy, MeV

KamLANDZ%{£5IsoDARDIZE

Sterile neutrino search (IBD sample)

—_ @

@

_>@

@

—_— @

40 m

RAEKREF

Observed/Predicted

(3+1) Model with Am* = 1.0 eV? and sin*20=0.1

By accurately mapping out the short baseline
oscillations through a single detector, over an L/E of
0.6 to 7.0 m/MeV, IsoDAR can test 3+1 sterile model.

WERHE45~50EH
MIT Yro0MAYF 4 0fEH
ERFERE 5~10FEH

1.00 T 1
/ \ } ) ‘
/ ! 1AV /
0.95 y ;Q * \
0.90 " ‘ ) [
0.85 1.00
0 1 2 3 4 5 6
L/E (m/MeV)
0.95
...or 3+N sterile models. 050
0.85

(3+2) with Kopp/Maltoni/Schwetz Parameters

@

@
@

(3+1) Model with Am” = 0.9 eV and sin*26=0.1035

1 2 3 4 5 6 7 1o
L/E (m/MeV)
95
0.90 ‘
...or sterile decay models.
0.8

e few

N .[ i1
It ¢ 141 .
! i J.l‘ ‘
v T

With neutrino decay t=4ev?

3 4
L/E (m/MeV)
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CL 95% Neutrino-4 CL 99% Neutrino-4

average

N(L, E)/N(L,E)

Am%=7.22¢V?, sin%(20)= 035 32/DoF 117719 GoF 0.89
Unity L2/MDoF 227121 GoF  0.36
, R AR S R 04 02 03 04 05 06 07 08 09
.3
2.0 25 sin“(26,,)

10
IsoDAR — 95% CL (3+1) Model with Am? = 1.0 eV? and sin?20=0.1
56 Limit ik 1.00
Regions -
T A m
? 095 | A
3
o S —
“I g 0.90
N> E .
2 N o o ° IsoDAR
NE 0.85 " . .
g 0 1 2 3 4 5 6 7
= contours L/E (m/MeV)
Precision measurement of oscillation
parameters if in the global fit region.
0.1
0.01 0.1 a

Sin%26pew



DAMA/LIBRA
@Gransasso

Significant modulation (12.90, +/-2%) over 20 years!!

arXiv:1805.10486

2-6 keV

A A A

A A A A

DAMA/LIBRA-phasel (1.04 tonxyr) ——————> | <——— DAMA/LIBRA-phase2 (1.13 tonxyr) —————

Residuals (cpd/kg/keV)

il dh i dudh dbdbg b gl ahit

~1000kg Nal(Tl)
@ the center of KamLAND?2

U,Th 10-17~10-18 g/g

iRA O DOBLED HE

| "Year 1996-2017
WI M ps Time (day)
_— .
June t Evidence of halo dark matter?
, ~+15 kmeﬁ correlation with muon?
6 . o event rate ~1 counts/keV/kg/day
Cygnus sun/ i ©° amplitude 0.0 counts/keV/kg/
V,~220km/s/ day
— peak on June 2
o> period 0.999+0.002 yr
| / ~—15 km/s
December
ERSTEENal DR (BEKXF)
KamLAND-PICO

DAMA/LIBRA&L D 4 ~ 55BNy 7459 R
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