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KamLAND-ZeN History

(KamLAND Zero Neutrino Experiment)

136CS

e Target: OvBB Xe-136in LS (*). 10Xe %7

f
+ Funded in FY2009 QBB:Z"‘QmmBa

* Debut at Neutrino2010 at Athens

 KamLAND exists (ultra low radio active BG), Liquid scintillator
experience.

 R&D: Xe gas handling system, miniBalloon

e Fabrication in 2010-2011

 |nstallation into KamLAND 2011 Summer

 DAQ start 2011 September

e 2vBB results and OvBB limits from KamLAND-Zen (1st, 2nd result)

PRC 85, 045504 (2012) PRC 86, 021601(R) (2012)

 New OvBg8 limit from KamLAND-Zen (3 result)

PRL 110, 062502 (2013)

(*) PRL72,1411(1994)



T KamLAND-Zen

2700 mwe
l Calibration access

1200 m3LS+1800ms3 BO
1325 17°PMTs + 554 20"PMTs

OEnergy — 66 o/o /'\/E

GPosition =15cm/ \/E
238J: 3.5x10-18 g/g 232Th: 5.2x10-17 g/g
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20m

136X9 loaded LS in mini-balloon
320 kg (2.4 % by weight)
90 % enriched
2381J: 1.3x10-16 g/g 232Th: 1.8x10-15 g/g

— Water Cherenkov Outer Detector
225 20” PMTs




mini-Balloon

&

Fabrication at Sendai in Spring 2011
Installation into KamLAND in Summer 2011 E
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Installation into
KamLAND™




Picture from test installation at test facility.

Pictures from real installation




Xe-LS facility
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ThO2W(TI source)

Energy calibration
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Data sets

systematic uncertainty | 2012(%) | 2013 (%)
fiducial volume 5.2 4.0 <
enrichment of Xe 0.05 0.05
Xe amount 0.34 0.36
energy scale 0.3 0.3
detection efficiency 0.2 0.2
total 5.2 3.9
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Vev/Viota= 04381 0.005 @2012

3rd result()

NFv/Niotai= 0.423 + 0.007(stat.) + 0.004(syst.) @2012

Event selection
* Fiducial Volume

* Muon veto (AT2msec)
» 214Bi-Po, 212Bi-Po cut

* Anti-ve cut

(*) PRC 86,021601(R) (2012)

(**) PRL 110, 062502 (2013)



2nd result on 2vBS
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Radioactive impurities

Observed ratio of 13*Cs/137Cs is consistent
with Fukushima-I reactor fallout (soil sample).

137Cs 134Cs  214Bj  208T] Fukushima-I reactor fallout (ex.'3’Cs)
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data set in PRC 86,021601(R) (2012)
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Filtration in February 2012

~  hnrr Lt @

“‘._ ) _ — ‘:Jt -y ‘~
s L — . ;;., |

|
u
pLais 8
ey Q
v0=.'
~ H'"::
R B .

-
)




3rd result on Ov BB

(2) DS-1+DS-2 - Daa T

— Total 88y
10* & —m 130%e 2VBP 110m 0.3
e Toul _ |- -1omAg y2=D 27
i (OVBBU.L.) : .
3 0 ™ e oug RSN c | S |--- 208Bj %2=8.06
B - (90% C.L. U.L) IB/External _,9 , ‘ ©
S 102 - Pt - Spallation = 02w - = 88Y X2=10.16
£ -/ A\ -g = ﬁ % L
D 10 | \ S e o e e S N
% iy @ i
= | [ 5 ()] :
= s AN O o : [
Al LA Y -5:", i\ | -
10" o ~s
! 2 3ol - DS-1 DS-2
.+~ Visible Energy (MeV) " =~._ -
e ol v e e e e e e
o T . 0 50 100 150 200 (Days)
1 Total
- IIOmA ——
30 g; : 1
- 208Bi >
25

Filtration of Xe_LS did not help.
11OmAg is preferred.
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TOV1,2>1.9 x102° years

+
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Comparison with other experiments
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(#) Mod.Phys.Lett.A 21, 1547 (2006)
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Strategy for Ag removal e colored: done
|::>Un colored: soon

Xe extraction

e

Xe puricatin

w =

Xe dissolving

V

/ I\ > '
%new LSf} new Xe-LS

x LS purification

Filing completed @2011 e confirmed B We are here ~1/100 Ag
Filtration @2012 Feb. g remains in LS. @2013 Spring ~400 kg 136Xe
@2012 Summer suspended since @2013 Summer

last autumn



l— KamLAND

Fire accident
e 20th Nov. 2012 ~noon

/ * At KamLAND entrance

e Far enough from KamLAND and other
experimental sites

* Nobody was injured

Fire wall * No damage to the KamLAND at all

* Some cables, cooling water pipes, air pipes
were damaged

—HH=BEZ=E

e
>§ Fire accident

(
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«—— Super Kamiokande




* Power line was fixed temporarily in two weeks.
* DAQ started again in one month.
* Power line was fixed completely last week.

% ¢ Measures against (and preventing from) accidents
W= were discussed and taken.
gad °oWe are moving ahead.



KKDC claim ‘§§§
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We are here. Xa-LS + 110mAg

<

new Xe-LS

-y

V\Le have experience of miniBalloon fabrication.

We will start this summer.
<

new miq_iBaIIoon
800 kg 136Xe

KamLAND2-Zen (2016-?) There exists v

~800 kg'3Xe in the KamLAND site.

Ongoing R & D

* Light collector

*LSreplacement  am| AND as a ultra low BG detector
 y/B discrimination _

- Open KamLAND Proposed experiments

- New photo senser  144Ce anti-v source atL~1m

. * Nal deployment

o * CAWO4 deployment



Summary

KamLAND-Zen 1st phase
— Data taking start on Sep. 2011
— 2VBP decay (precisely measured)
T2v42=2.30+0.02(stat)+0.12(syst) x1021 years
— Lower limit on OvBp decay
T2 > 1.9%1025 years @ 90% C.L.
— Combined result with EXO-200
(mpp) < 120-250 meV @ 90% C.L.

It is inconsistent with KKDC claim at more than 97.5 % C.L.

To improve the sensitivity
(background reduction in OvpBp region.)
— Purification of Xe and LS is ongoing

R&Ds for future KamLAND2-Zen are going on.
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