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Straight forward method to verify Majorana nature
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comparison of double beta decay nuclei

Rodin et al., Nucl. Phys. A793 (2007)213-215

Nucleas | 77}5(50meV) T7, measured (year)| Not ‘A‘(]?)};I)ldance iivgl;;e
BCa—*Ti (4.272119) x10%° 0.19 4271  max. Q. fast2v
6Ge—75Se 0.86x10?%7 (1.5+0.1) x10%! 7.8 2039 semiconductor
82Se—32Kr 2.44x1026 (0.92+0.07) x102Y 9.2 2995
%67 r—"°Mo 0.98x10%7 (2.0+0.3) x10% 2.8 3351
10Mo—199Ru | 2.37x102%¢ (7.1+£0.4) x10'8 9.6 3034 fast 2v
H6Cd—16Sn | 2.86x102%° (3.0+£0.2) x10% 7.5 2805
28Te—128Xe | 4.53x10%7 (2.5+0.3) x10%4 31.7 867
B0Te—130Xe | 2.16x102%° (0.9+0.1) x10?! 34.5 2529 large nat. abundance
DoXetBa. . 4551020 L (2.3£0.1) 107! 8.9 2476 slow 2v, rare gas
BONd—O0Sm | 2.23x107% (7.8+0.6) %108 5.6 3367 Ov, fast2v
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KamLAND-Zen

Zero neutrino
double beta decay search
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Measurement of the 2v 2 £ half life

DAMA (2002) REFE/ VOV FL—F

T2v1/2> 1.0 x10%2 years at 90% CL  PhystettB546.23(2002

Counts/50keV
p— p—
[\ =
=3 (=3

[y
S
<

[\
<
L e e L e o s B e L

oo
<>

=)
(=]

=
=

of

1 1.5 2 2.5 3 3.5

KamLAND-Zen (2012) #t/>asmrt4s>FL—5

T2v1,2=2.30+£0.02(stat)+0.12(syst) x 102! years PhysRev.C86,021601(R)(2012)

10* g

.o
0 e
- ey
-
300

10°ET™

=1

= .

AN

1025

Events/0.05MeV

tg Ay

10!

Visible Energy (MeV)



Background situation

Peak fit with O v signal
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Limit3 on the Ov 2B half life
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KamlLAND-Zen status 89_5kg-y Phys.Rev.Lett, 110, 062502 (2013)
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MOmAg Background Reduction

Phase 2 (first 114.8 days)
22<E<3.0MeV,R<1m

Phase 1 (first 112.3 days)
22<E<3.0MeV,R<1m

-
5 o5 5
84 : m
O G0 Nova0T Deca0TT Tandon2 1MmAg BG
Pate reduction to
LM <110
: ; ' -.:l:'l-l:.'.. '-. . .. |
I a ’ -t | 2
fg_\ls ] l:':. Yent LR 510 o
208 m -
: D mnan i
: g2 Pt g e
= el L [ gy
S loon film) &
0.5
o~ €= 1)

Visible Energy (MeV)
Primary BG :

05—
O De02013 Jan2014 Feb2014 Mar2014 Apr2014
Date
2vpP OVBB
o L T

prel/mmary

Visible Energy (MeV)

Events

214Bi (V) at balloon / spallation °C / remaining 1°"Ag?



Fit to Energy Spectrum for 2vp[5

DAMA (2002) Liquid Xe scintillator
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T2v4; = 2.32 £ 0.05(stat) + 0.08(syst) x102" yr

consistent with KamLAND-Zen Phase 1

v
T2v42 = 2.30 £ 0.02(stat) + 0.12(syst) x1021 yr

T?V12=2.165 *+ 0.016(stat) + 0.059(syst) x 102" yrl«— consistent with EXO-200




156X e Ovpp Decay Half-life

combined result (Phase 1 + 2)

Half-life limit at 90% C.L.
KamLAND-Zen
Phase 1 T2 > 1.9 x 10%° yr

Phase 2  T%42>1.3 x 1022 yr

Combined T4, > 2.6 x 1025 yr

_ QRPA NME model i
J. Phys. G 39 124006 (2012)

(mpp) <0.14-0.28 eV
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Limits on 13°Xe half-life and effec
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T?>/2 (1025 yr)\ EXO-200 >1.1x1 025 yr

(123.7 kg yr)
tive neutrino mass are improved



HSR D=

"

Nucleus Experiment Tglgoli;ﬁé (I§:r) <(I: {S,ﬁ;
8Ca — 8Ti ELEGANT VI > 5.8 x 1022 <3.5-22
76Ge — 76Se GERDA >2.1 %102 < 0.19-0.30*
82Se — 82Kr NEMO-3 > 3.2 x 1023 <038-14
9%67r — 9Mo NEMO-3 >9.2 x 1021 <9.3-13.7

100Mo — 100Ru NEMO-3 > 1.0 x 1024 <04-0.7
116Cd — 116Sp Solotvina > 1.7 x 1023 <1.2-2.2
128Te—128X e (Geo chemical) > 7.7 x 1024 <0.7-1.2
130Te—130X e CUORICINO >2.8 x10%4 <0.44-0.81
136X e — 136Ba KamLAND-Zen > 2.6 x 10% <(0.14-0.28 preliminary
EXO-200 > 1.1 x 1025 <0.21-0.43
150Nd — 150Sm NEMO-3 > 1.8 x 1022 <4.0-6.3
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