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KamLAND-Zen experiment (1)

@ KamLAND-Zen searches for zero neutrino double beta decay.



KamLAND-Zen experiment (1)

@ KamLAND-Zen searches for zero neutrino double beta decay.
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KamLAND-Zen experiment (1)

@ KamLAND-Zen searches for zero neutrino double beta decay.

(BIG&IowBG )

Modification of KamLAND F/ detector).
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center with inner balloon(IB).
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KamLAND-Zen experiment (1)

KamLAND-Zen searches for zero neutrino double beta decay.

(BIG&IowBG )

Modification of KamLAND F/ detector).
s T g

136Xe loaded LS - into KamLAND
center with inner balloon(IB).

1
[ & = 3

KamLAND LS >
1000 ton in ’
R=6.5m balloon

-

kL
.~
SR

20 inch PMT x 225 N\
for outer detector Wi

dN/d(E/Q,)

l.;u\g L& & < _<17inch PMTx 1325
o +20inch PMT x 554

\\“m""lz,,%
2041 2vpp.decay™. OvBp decay
Jel 15 % e
1.5- < Ve 7
e_
1.0
0.54
0.0+ . . .
0.0 0.2 0.4 0.6 0.8 1.0

E/Q,,
Observation of OvB3f decay:

- lepton number violation

- massive Majorana neutrinos

- hint for neutrino absolute mass
effective neutrino mass from decay rate
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o :1st result : Phi/.s_. I;:/. C 85, 0455042550;2 Backgrounds in Ovpp region:
e T ety o S (1) Unexpected peak around 2.6MeV Large
0B TN Dl iy —m T —> All nuclei are checked. amount
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Result of Phase 1 (2011-2012)

Phys. Rev. Lett. 110, 062502 (2013)

10° 136Xe 89.5 kg-yr Event in 2.2<E<3.0 MeV
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Lower limit of OvBB decay half-life
T2 > 1.9x10% yr (90% C.L.)

- Most stringent limit at that time.

Events/Day/Ton

1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 50 100 150 200

- But many background at ROI. It is 11°MAg. Days
(Q value of 13%Xe : 2.458 MeV) Unexpected peak > 110mAg

— We need improvements for phase 2.



Phasel = Phase 2 : Purification of LS and Xe

Xe concentration
(2.44 £ 0.01)%
by weight



Phasel - Phase 2 : Purification of LS and Xe

Xe collection

Xe-LS + 110mAg LS + 110mAg

Xe concentration Confirm 10mAg
(2.44 £ 0.01)% remains in LS.

by weight



Phasel - Phase 2 : Purification of LS and Xe

Replace with
new purified LS

Water extraction
&distillation

Replace with
new purified
LS again
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Xe concentration Confirm 110mAg distillation system
(2.44 £ 0.01)% remains in LS.

by weight



Phasel - Phase 2 : Purification of LS and Xe

Xe collection Xe purification
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Phasel - Phase 2 : Purification of LS and Xe

Xe collectio

Replace with /|
new purified LS /[ |

Water extraction
&distillation

Replace with
new purified
LS again

- _— ;| 3 times purification m
v \ / and circulation
~efes AN g —

Xe concentration Confirm 110mAg distillation system Xe concentration
(2.44 £ 0.01)% remains in LS. increased to
by weight (2.96 £ 0.01)%
by weight

110mAg reduction to
< 1/10 (next page)



Events/Day

Phase 1 (first 112.3 days)
2vBp

110mAg background reduction

2.2<E<3.0MeV,R<1m

Phase 2 (first 114.8 days)
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Other improvement 1 : Spallation cut

- Main target is 1°C 2.2<E<3.5MeV

- Triple coincidence with muon, g 10°¢ ; ,
neutron and 1°C = = \ Outer-LS without Xe
% B short-lived products
o 10°E (°He, 2B, 8Li) i
g S8 g
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1=27.8 sec o - Xe-LS (R< 1.0 m)
5 i 180 sec . preliminary
Thanks to dead time free electronics, T < : r >
neutron tagging efficiency is improved. 10E 6 events rejecte
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BG rejection efficiency (°C) 72 + 5%
signal inefficiency 7% 1g + + . +
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Other improvement 2 : 214Bi distribution

- 214Bj distribution on the IB is not uniform. .

—> Effected to fiducial volume selection. R e
B~
Black dot : Data (2.3-2.7MeV) . et
-\ i 214Ri R- 2 ioiad
Color : 21Bi simulation ‘Bi -decay | = e
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N RN e 10 214pg
________________ .
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Vertex distribution was evaluated 1= MC T
by detector full MC simulation S T N T FERUR AR EA
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AR [cm]

Vertex distribution is well reproduced

Geant4 detector simulation tuned for KamLAND



Event reduction

KamLAND-Zen Phase 2

Isotope of double beta decay : 3°Xe, Q value = 2.458MeV
90.77 % enriched, 348 kg 3®Xe in whole volume
Livetime = 114.8 days (Dec. 11, 2013 - May 1, 2014)

137 —>§ROI 4_ preliminary

R<2.0m, muon cut
R<1.0m (Xe-LS)
delayed coin. cut
spallation cut

208T|

Events/0.1M eV
H
Ca)

1 2 3 4 5

Visible Energy (MeV)

Number of event
in ROI
(2.3<E<2.7MeV)

R<2.0m
(around inner balloon)

&
muon veto

3756 events

R<1.0m (volume cut)

413 events

delayed coincidence cut
(214Bi-Po, %21?Bi-Po, anti-v)

10 events

spallation cut

6 events



Result of 2v33 decay

Phase 2, Internal (R< 1.0 m)
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TY/2(2v) = 2.32 + 0.05(stat) + 0.08(syst) x10%! yr

Consistent with previous KamLAND-Zen results and EXO-200 results



Energy spectra of Ov decay

' ; : WU Data (2.3<E<2.7 MeV) & *'*Bi
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Result of Ov decay

2.3<E<2.8MeV(R<1.0m) 5 Upper Limits from Toy MC
33 preliminaryé DiStribUﬁon Of OVBB ||m|t5
> § 5 from Toy MC
%_ 2;_____’_(_9tal(90%C.l..) ﬁ% (no OvBP signal, best-fit BG rate)
= e S = s |
2 o preliminary
2 4L &
> b >i| =
Visible Energy (MeV) é i ‘é’ é’
Onu limit of Phase 2 £ 2 %
< 17.0 events/day/kton-LS (90%C.L.) : ! g
» . preliminary N ISRl | RN < eI
0 i 0 10 20 30 40 50
92> 1.3x10 yr (9OA) C'L') Limit at 90% C.L . (events/day/kton-LS)
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MC : < 16 events/day/kton-LS
Phase 1 : (50% of the time)
T2 > 1.9x10%5 yr

this work :
< 17 events/day/kton-LS
(52% of the time)

Events/0.05M eV

(90% C.L.)




Combined result

~ , 10 |
S 1 Phase 1 KamLAND-Zen
| — — Phase 2 136Xe Half-life limit (90% C.L.)
8- | Combined
-k ~—— EX0-200(2014) | Phase 1 :TY?>1.9x10%° yr
-k Phase 2 : T2 >1.3x10%> yr
6 \\ preliminary
! \ KamLAND-Zen Combined
- preliminary
- T2 > 2.6x10% yr (90% C.L.)
21 Limit of effective mass
T N - preliminary
I N {mgp) < 0.14-0.28 eV
OO | — :10 QRPA NME model

J. Phys. G 39 124006 (2012)

Limits on 13°Xe half-life and effective neutrino mass are improved.



Future prospect

AN
5%
Future sensitivity KamLAND2-Zen
Combined result Target(mpg)~20meV
— — Phase 2 M
----- Phase 1 1,000 kg Xe pr ="t

S

R - High ener
- Inverted hierarchy o re%olutior? !

L (mgp)..=50meV

- Various R&D
IS going on.

3

- Start in 2016.

107 . B - New inner balloon with
o R about 600 kg Xe.
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hierarchy.

Ty, Sengitivity at 90% C.L. (yr)
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May, 2014 Year

- 383 kg Xe
- Data taking will

finish at the end
of this year.



» KamLAND-Zen searches for zero neutrino double beta decay with 13¢Xe.

Data taking started on Sep. 2011.

» KamLAND-Zen phase 2 started on Dec. 2013 with purified liquid scintillator
and Xe.

= Reduction factor of 119MAg is more than 10.

= New preliminary results for 13°Xe OvBB at 90% C.L.
Lower limit of half-life
Phase 1: T2 > 1.9x10% yr | i ,
Phase 2 - T2 > 1.3x102° vr :I Combine 1+2 : T2 > 2.6x10%5 yr

Effective neutrino mass {mgp) < 0.14-0.28 eV (QRPA)

Proceedings of Neutrino2014 found at arXiv:1409.0077

= Phase 2 will finish at the end of 2015 and next phase (600kg Xe) will
start in 2016.

» Target of KamLAND2-Zen is inverted neutrino mass hierarchy.
It requires several detector improvements. R&D is going on.


http://arxiv.org/abs/1409.0077
http://arxiv.org/abs/1409.0077

Backup

About unexpected peak around 2.6 MeV




(Arbitrary Units)

Energy spectra of 4 nuclei and 13°Xe OvBp

Xlinear scale

Considering energy resolution of
KamLAND-Zen
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134Cs distribute on the IB. Origin — Fallout of Fukushima reactor accident

2VvBP window

Why Fukushima?

(1.2<E<2.0MeV) | - Cs doesn’t exist.in nature.

16000}~

12000}~

10000

- Ratio of 13‘4Cs/137Cs cﬁta (~0. 8)&
soil sample almost consistent.” *
Possibility Spallation of 136Xe? /V
- Amount of 137Cs can't expla/f
Why on IB? /* Tomarl

- IB made in Sendal (Cs detected in
soll sample by Ge détector)

- Fit well with data.

- Cs don’t dissolve
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Fit the peak with Onu spectrum | Features of peak
0 %closeup picture (fitting range is 0.5-4.8 MeV) ° Rate iS Stable.

: ~3% difference eUniformly distributed in Xe-LS.
®~ 136Xe Onu * | data eNo signal in KamLAND-LS
20 ~ | eBeta or gamma :

difficult to distinguish

15

Events0.05MeV

5l M - - | c
22 2.4 2.6 2.8 3 | O 904y R N
Visible Energy (MeV) ;;ﬁ#r_*:
. - b T z
No background hypothesis |  — S -
excluded more than 5 sigmas. 0 05 (R/lé4m)3 15 2
& What is this background? ;eizgrﬂfﬁer%%asureme“t didn’t
Long-lived radioactive impurities ? Amount of BG is too small to
Cosmogenic spallation nuclei ? measure.

Search all nuclei and decay path in the ENSDF

database of nuclei



=

& We search all of isotopes, all of decays in ENSDF
@ Procedure

Follow every ENSDF cascade info and check
lifetime, Q-value and so on.

Make energy spectrum of B-(+vy), B* (+Y) and
EC(+Y) decays expected in KamLAND (considered
alpha quenching, energy resolution, the time
structure of the chain and pile-up in DAQ etc.)

Check its peak and shape (it is in 2.4-2.8 MeV?).

Check long lived parent (> 30days) for each
candidates.

4 nuclei remains.
decay T Q-value[MeV]

B-+v 360 days 3.01

EC +vy 154 days 3.62
EC+y 5.31x10°yr 2.88
B-+vy 7.61 yr 2.82

x 110mAg is one of reactor fallout, too.

VoY
& example of spectrum
L047AG110m_02 Eniies 20D

: : Mean 0.178
........ ) S T 5 PUUUIN SRR || | £) 0.1206

g 4.5 ........ :
™} . ' : |

--------------------------------------------------

.....................................

e

seasssshfenssadeancnncnns

LR PSR PR ) -7 P A e 5

3.5 4
Visible Energy[MeV]

e Nuclei w/ 100sec~30days
are rejected from the study

of energy spectrum w/ close
A,Z nuclei.

— negligible

e Study on time-correlation
event with muon w/ <100 sec
lifetime is estimated to be
<6.7%1073 /ton-day (90% CL).

— small



Possibility of cosmogenic spallation in Xe?
- Xe enriched in Russia and sent to mine by airplane (high cosmic ray flux).

136Xe + p(1 GeV)
Cross section

: P.Napolitiani et. al.
s Phys. Rev. C 76, 064609 (2007)

surface mine

Radioactivities
after X + Y days

o

X =100days Y =0, 100, 300, 600days

quantitative background estimation is difficult
due to transportation loss in the gas system.

energy
spectrum

ne

B-Xe

1.098 |

54.7mb, T11=9.

Visible Energy[MeV]

100 days on surface, 300 days in the mine

:,_710"

Event rate [arb. un

—| Mean

: |[RMS 0.2028

1.506

1V B —

— 110mAg and 83Y remain.

1 1 6
Visible Energy[MeV]




Backup

About KamLAND




e 1,000 ton of ultra pure liquid scintillator

BLlffe

238 (3.4 + 0.4) x 10718 [g/g]
232Th (5.7 + 0.8) x 10-17 [g/g]
40K 2.7 x 10716 [g/g]

g/, Detected scmtlllatlon Ilght by PMTs
" 1777 -' :‘ - : —\ *. ‘;,;.‘
roil [ K amLAND-LS

11,000 ton | || ;.Jgi
|n balIoon(R 6 5m)

1 7 ireh PMT X 1325
< < + 20 inch PMT x 554

\ /data/rtq/zen-physics/run011084/run011084~-000001.11q

KamLAND Event Display Eve nt d I ) p I ay

Run/Subrun/Event : 1108
UT: Wed Nov 30 00:47:48 2011

SEEETEE o, B =273 M
(x,y,z) (204 167,-24.3) cm

No directional information

Energy resolution 0=~6.4%/+/E(MeV)
Vertex resolution o=~12cm/+E(MeV)



Visible energy [MeV]
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: Reactor neutrino i i
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Be solar neutrino First detection! Precise meaSIZJrement GRB neutrino etc.
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Neutrino Neutrino Neutrino Astrophysics
Astrophysics Geophysics Cosmology

Neutrino Physics

Clear cycle of neutrino oscillation

1.2 | previous T - KamLAND data
[ reactor experiments T — Neutrino oscillation with real reactor distribution
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