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full coverage of Quasi Degenerate — next milestone
full coverage of Inverted Hierarchy — next gen. exp.
full coverage of miightest~0 — very difficult




Ultra-low BG underground (& huge) experiment is necessary

It Is KamLAND !l

2 cycles of oscillations Precision measurement
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KamLAND-Zen

Zero Neutrino
double beta decay search
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Advantages of using KamLAND

® running detector
— relatively low cost and quick start

® huge and clean (1200m3, U: 3.5x10'8g/g, Th: 5.2x107)
— negligible external gamma

(Xe and mini-balloon need to be clean)

® Xe-LS can be purified, mini-balloon replaceable
if necessary, with relatively low cost

— highly scalable (up to several tons of Xe)

® No escape or invisible energy from B,y
— BG identification relatively easy

e anti-neutrino observation continues
— geo-neutrino w/o Japanese reactors

320kg 90% enriched '3¢Xe installed for phase-|

and 380kg for phase-2




Events/0.05MeV

KamLAND-Zen started in 201 |1

only 2 years from initial funding
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published result w/ high silver rate (phase-1)
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Events/0.05MeV

What can we do?
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Purification

Ca m pa |gn cold oil ch:.;]rcoal E sintergd getter
trap filter metal filter N>
June 2012~ ,ﬁ ]
November 2013 ‘ 5| 3nm particle 5| distillation 5| particle
filter (PTFE) XMASS proto. filter
new purified LS

réplace with new
purified Xe-LS

&1 4\

new Xe-LS

B 2
replace with
new purified LS

add purified

PC for density confirm 110mAg two times of distillation ~380kg Xe installed
adjustment remains in LS confirm whole '°"Ag drained  aim: 1/100 reductiong




Phase-1 320kg
before
purification
>
0
Phase-2 380kg
after
purification

reduction
<1/10
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Now, the mini-balloon 1s extracted. (pec.2015)

ot Xe (9 batch by batch Xe (ko) for tank investigation required by law

&K

180

deflation
~21 kg | **°

2 cf st Xenon has been recovered
‘ during recirculation and
deflation of the mini-balloon.

mini-balloon extraction
> : ?;
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We have acquired phase-2 data (after purification)

from December 11 2013 to October 27, 2015;
total livetime of 534.5 days

and exposure of 504 kg-yr.
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(cf. T1/2(11OMAQ)=250 days)

We might have

scrubbed and

dropped “dust”
during extraction of
the LS supply tube.
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In order to iImprove the sensitivity, we have
pertormed all volume and time-binned analysis.




Source calibration

deviation of Z [cm]

deviation of E [%]

10r — R
i vertex deviation within 2cm
)| EE— " !.”"'.""!‘".'"'l”"‘""'”""‘""'"'”'"”'”'"'"'""""""iimiii"i”ﬁ
. BPP. L

10500 -150 =100 -50 0 50 100 150 200

. 137Cs z-axis [cm]

m 68Ge

| 6OCO
_ position dependence
45_ ................................................................. O f ..... energyWithin ........ 'I% ......
2__ ...........................................................................................................................................................................................................
)] ::::l-"=|||"'IIII||'=!=I=='EE===;:;:

_2:_ ...........................................................................................................................................................................................................
S — i

(Oct. 2019)

200 -150 -100 -50 0 50 100 150 200

z-axis [cm]

10’

137Cs
20[-0.662 MeV

68Ge
0.511 x 2 MeV

g 107 n'H R<12m
F9 2.225 MeV

n'3¢Xe? n'2C
4.026 MeV 4.947 MeV

2 3 4 5 6 7 8
visible energy [MeV]

also Iin-situ calibration with n-
capture on 'H/'2C and 214Bj

Energy resolution in phase-2: ~7.3%/+/E
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40 equal-volume bins
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Energy and radial distributions are well-reproduced by known BGs. 14
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Phase 1 (first 112.3 days)
22<E<30MeV,R<1m

0.5 1

Events/Day
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Date

Phase 2 534.5 days

2.3<E<2.7MeV,R<1m

" period-1 270.7 days: period-2 263.8 days
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known BG other than '"0mAg ~11 events

A hypothesis:
“Dust” sank 1?7

Yet only ~20
discrepancy
from the
simple decay
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Event summary 23<E<27MeV, R<1m

Period-1 Period-2
(270.7 days) (263.8 days)
Observed events 22 11
Background Estimated Best-fit Estimated Best-fit

136 X6 213 - 5.48 -

Residual radioactivity in Xe-LS
214B§ (?38U series) 0.234+0.04 0.25 0.028 +0.005 0.03

“%°T1 (*°Th series) - 0.001 - 0.001
110m p g : 3.0 - 270,002 s
External (Radioactivity in IB) Tttt
214Bj (238U series) - 2.55 -
2081 (*°2Th series) - 0.02 - 0.03
H0m A o - 0.002 - 0.001
Spallation products
10 27407 32 26407 @
°He 0.07+£0.18 0.08 0.07+0.18 0.08
1B 0.154+0.04 0.16 0.144+0.04 0.15

137%e 09+0.5 1.1 0.9+ 0.5 0.8




Results on Ov28

period- | period-2
livetime 2/70.7 days 263.8 days
136Xe Ov 2R
decay rate < 5.6 /kton/day < 3.2 /kton/day

combined < 2.4 /kton/day (90%C.L.)

D4
136Xe Ov 28
half-life > 9.6x 1025 yr (90%C.L.)
sensitivity > 4.9%x102° yr

(11% probability)
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Phase-1 & 2 combined limit
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Big leap toward IH !
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Our challenge continues!

Three dominant BGs: 2 v, “214Bj on the film” and 1/?(3.
\

next target further optimization of
triple-fold coincidence

We have purchased 800 kg of enriched xenon in total.

We have fabricated a larger mini-balloon with better
measures against dusts.

We will resume the search with 750 kg of xenon in this
fall. To be called as "KamLAND-Zen 800"

(Expected sensitivity is below 50 meV hoping to cover Yanagida’'s prediction.)

21



Mini-balloon fabrication

cleaning, cleaning and
cleaning as usual

—

22



Example of improvements
before

after

kKeep staying away
goggle
welding machine
cover sheet .
glove on glove

changing laundry twice a day .
room in a

N clecan room clean underwear .

changing room in a clean room .
dust visualization
more neutralizer




Well donel

Leak check and repair in high humidity
will start soon.
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And more future plans!

Igher energy resolution for reducing 2v BG

> KamLAND2-Zen

N
l Winston cone light collection x1.8

high g.e. PMT light collection x1.9
17"¢—>20"¢ &=22-30+%

New LAB LS light collection x1.4

(better transparency)

expected o (2.6MeV)= 4% — ~2%
target sensitivity 20 meV

Super-KamLAND-Zen

in connection with Hyper-Kamiokande

target sensitivity 8 meV
25



R&D for KamLANDZ2-Zen and future
O HQE-PMT
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AN\ : succeeded with %1 4
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O scintillator film O imaging

tag a Iin film
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\
<14Po geduction
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replacement

30L prototype |
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Summary

+ New results from Phase-2 (5345 days, 380 kg) presented

MOmAg has been successfully reduced.
Improved analysis: 40 equal bins for volume, 2 time bins

+ Phase-1 & 2 combined result for Ov 28 of 135Xe
TY), > 1.1 x 10%% yr

(mgg) < (60 —161) meV

- KamLAND-Zen 800 planned to start in this fall.

/50kg of enriched xenon will be installed.

Target sensitivity is below 50 meV.

- R&D for KamLANDZ2-Zen is going well.

Target sensitivity is below 20 meV.
27



Thank youl
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