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Single beta decay Neutrino oscillation

solar, reactor, atmospheric, accelerator

- KamLAND data
- Neutrino oscillation with real reactor distribution

MARE-Il &

|87Re 2.47 KeV [ 07 107 10! 10 20 3EO/E (kzi(l)]/MeVs)o 60 70 20
2=m-m.2

<m[3>2 =2 m?|U,|2

IREDER TRERE
<2 eV (95%) 0.2 eV I I IV
Double beta deca
Cosmology Ge, Te, Mo, Cd, Ca, Xe, SZ,

CMB satellite, galaxy survey, weak gravitational lensing,..

<mBB> - |2 mi |Uei‘2 Sil
<0.1~03ev (0.01~0.03 eV




OV2BERIR TR FH - RALF DK S 7354

o_1— KU/ DNYIAZTSE

RKIAMDEW—_12—KY /

Za— MU /DN Z FHH

V =V = anirsicxs,

oL 7 KIVHDEN 277 LOVBEEESRE
& (B-L) DN — 5.

¢/¢

t’r@

34 & 51

FTEHYEEZOD

]:l

mass structure
® :. 1 |\ IJ / EE%‘@,&#1E — —1— I\ U /TT Tﬁl— normal inverted degenerated

RIS EEEEERE ZFRBAITEDICRE S
H=ERDYIE(RPV SUSY,V+ALL &) & Am?
BETDICE. BFHEPIRILE—7
ROHE. SHETOIEHES _Tom~1 |
particle mass J B o — 1 big bang 1000,000,001 |11,000,000,000
neu:)in:;aie;fr(i;rdinary light .uw . Cr.. te A A BRERVENESYEN
4 ’ - (3 —Y — %) ow B g, TEROET
E (32 2 E i f.i cz i — B 7 matter “ght@ l (L7 MY xRIVREBH)




— T A\V e — i D‘B‘ N
—Eg/\ 5 gﬂﬂiﬁﬁ/ j-bd) 7/]/}1/1 I\ S/ — 21— KUY JIREREDS
[kkoL14] _f T—587 kg - F SRS - URE - MEEIED 3 DOREN
| >60 | BoTWS
g | '; T12=2.23044 3% 0% £
: 103-||||||| T 11T
g 1 mpg =320+£30 meV  mmomszamm | B
L0 % > -
(CHCWTRINETY oy o559y ko camroE 2 ’ |
Conclusion < KK% L1 L X
- The seesaw with Occam’s razor o — _ E/ \ —_ Q.
I’I‘DI]EE ?’ﬁ‘ul T e | INTA =T ZR/NBRIC \S/
C— Universe’s baryon asymmetry LJTCIEE{_H;EE/\]'%EE\IJ
I consstant with theleverted herarchy I 102
§ mpg =471 meV
It predicts | o neutrino20 1 2EBREERIC T
- N 5593 ﬁ?é"&ibhé‘?é?;f?ﬁy SKODRZZa2—hY /&AL, HEE
—_— ‘ s
R \ \
yoEE | > (20~60meV) F 7z IEHEE (60meVEL E) %
o 557
SK, | DHULHE,
MINOS = rEE
o5 Xomin (S B )Xo EFES )= 1.2 10 -
5546 50 100 150 200 250 300 35;0 : ;‘S :
IIIIIIIII CP8 _ ﬁ i
M cvB E - -
|$§3§55§u| 6 B OB+ H, é 2m»=0.32+£0.11 eV i
B CMB+BAO +H, ] - {l'l" -
5 .CMB+BAO+H0+SPTCL_; (B-I-E-,f—%‘: E)
3 arXiv:1212.6267 i a
4 @ PLANCK
3 L | L1111 ||| |
: mpgg =26~145 meV 102 103
2F 3
00 05 2m1.[oev] 15 20 L (PLANCKEL R — 2m,, [meV]

7



@ DO FHHAUTIIERTERRAEGRZ2— N /BEZTRISHDDH 5,
@ 11— ~MN/IREITHLEEEBESZHT DN H D,

!
\l\jﬁ.jb\jt :E)Tlu\n?k-tfd\l\

Q@ ELimDREZHIEURIT. FITHRREZHIIT I ENEE,
O BEEEEAEMTAT—5 U 5« — 5 R




@ SEDFHEBATIIBRTERRURERZ2— NI /BEEZTEITESHDHH 5,
® — 1M /IRETHEEEBESZHFTHDNH D,

e —— =

| BEEEEERE
! | AYVEE (EEREEE) OE |
WO EREDH>STHAREETHL, "BEW_2—MNJ/BEDH, DFHA |

'FEYNEESOR ORH |

Q@ ELmDREZMHMIFUMRIT. EITREEZHITIENEE,
O BERFEEAEMHITCAT—5EY 54 — & EF




@ SEDFTHEA TRERCERTER -1 — N /EBERET 25005 5,
@ -1 /R THLERBEEEFOLONB D,

e — =

| BEEEE: r]
} | EpEE (EEREES) ONE |
WORDM>THARREBETEL, "BW_21—KYV/EEDH, ORKHA |

'FEYNEESOR ORH |

Q@ ELmDREZMHMIFUMRIT. EITREEZHITIENEE,
O BERFEEAEMHITCAT—5EY 54 — & EF

Q@ OV2BHREMNEL THMEDEW OV I NETDIEHICIF.
O BEEBEZH/IN—TIREHEE,
CFEEH, —a—NURBEFBELES — Sa—hU/EFATYY
cZa—RKD /@Y 3ASFEEFEONIEE — JHERECIEEREEEES
O ZHMICL, BLWRELHEET 3,
Ik v &8l B4 v ER, KGvEH, BEYBERERGE




@ EROFHENTIIERTRERTER-1— K /EBERET 25D 2,
@~ /BB THEREREETEEONH D, -

e — =

| BEEEER L]
! | ENEE (EERESD) ONE |
WO RDD>THERBETLIEL, "BW_21—KY/EEDH, OFEHA |

'FEYNEESOR ORH |

Q@ ELmDREZMHMIFUMRIT. EITREEZHITIENEE,
O BERFEEAEMHITCAT—5EY 54 — & EF

Q@ OV2BHREMNEL THMEDEW OV I NETDIEHICIF.
O BEEBEZH/IN—TIREHEE,
CFEEH, —a—NURBEFBELES — Sa—hU/EFATYY
cZa—RKD /@Y 3ASFEEFEONIEE — JHERECIEEREEEES
O ZHMICL, BLWRELHEET 3,
Ik v &8l B4 v ER, KGvEH, BEYBERERGE

@ OVv2BREMNEKREINICKRS,
O =SREAE
O tzETORE — BITIERONEHER. ESYEORER BT
O rSvIDflE — HEYEORD BiTOZHRME
O FHEHY L FHEEOHRER®RT — BEYWEORER. YIS FCPAEBLREFIC



KamLAND-Zen

Zero Neutrino
double beta decay search
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suspension

structure

10 m length when folded
rehearsal at 8 m depth pool

established deployment, inflation,

liquid replacement
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Prototype Mini-balloon and rehearsal of deployment

suspension
structure

10 m length when folded

Xenon handling system
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established deployment, inflation,
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suspension
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10 m length when folded

Xenon handling system
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control system

established deployment, inflation,

liquid replacement Clean room in the dome New cavity and LS storage
10




Production of real Mini-balloon

& fabrication in Class 1 super-clean-room
(class 1 = less than one 0.5 micron particle in 1 cube feet
minimum material — 25 pm Nylon 6
transparency 99.4% @400nm
strength 19.4 N/cm
Xe permeability < 220 g/year
low radioactive impurity |
— specially made no filler film Suspended with
U : 150 » 2x10-12g/g Nylon & Its
Th : 59 » 3x10-12g/g connec dto
40K : 140 » 2x10-12g/g Vectran strings
] iﬂ _’,,'jii:b'j_t
T
pipe
T
.C| /'4 |
an LR
3.9¢

24 gores rom the film

& All tools and parts washed here

(W9~) 1ed wjl{—><

(WZ) 3gn) pJey —>




balloon going through light shield
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DAQ started on September 24, 2011

only 2 years from the project start
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Energy Calibration
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Measurement of the 2v2p half life
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Measurement of the 2v2p half life

DAMA (2002) wm#*Fe/vyoFL—%
T2V2> 1.0 x10%2 years at 90% CL
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Measurement of the 2v2p half
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Measurement of the 2v2p half life
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Background situation

Peak fit with OV signal
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Peak position is different from that of expected Ov.

Ov only is rejected at more than 80 level.
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consistent with Fukushima-I reactor fallout
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KamLAND-Zen phase I o)fﬁﬁ% Phys.Rev.Lett. 110 (2013) 062502
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KamLAND-Zen phase I o)fﬁﬁ% Phys.Rev.Lett. 110 (2013) 062502
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8BCa — BTi ELEGANT VI 0.025 > 5.8 x 1022 < 3.5-22
76Ge — 76Se Heidelberg-Moscow 35.5 > 1.9 x 1025 <0.2-0.32%
82Se — 82Kr NEMO-3 4.2 > 3.2 x 1023 <08-14
967r — %Mo NEMO-3 0.031 > 9.2 x 1021 <9.3-13.7
100Mo — 100Ru NEMO-3 31.2 > 1.0 x 1024 <04-0.7
116Cd — 116Sn Solotvina 0.14 > 1.7 x 1023 <1.2-2.2
128Te—128Xe (Geo chemical) - > 7.7 x 1024 <0.7-1.2
130Te—130X e CUORICINO 19.75 > 2.8 x 1024 <0.44-0.81
136X e — 136Ba KamLAND-Zen 89.5 > 1.9 x 10% <0.16-0.33
EX0O-200 32.5 > 1.6 x 1025 <0.16-0.33
150Nd — 150Sm NEMO-3 0.093 > 1.8 x 1022 <4.0-6.3
*TIW—TD—a N BREZ XK (KK 7 L1L)
TOVy, =223551 x 105 yr  <mpg>=0.18-0.43 eV @ 26 C.L. (QRPA model)

KK7 L1 LDIEFE — 75Ge (GERDA) Tld7/& <. 138Xe (KamLAND-Zen + EXQO) i\ —&ZED
— 136Xe (KamLAND-Zen, EXO) , 39Te (CUORE)
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Future Plan
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geo-neutrino > <
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solar-neutrino < > oo ananoc >
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Onu2beta 30meV
w/ purified Xe 400kg > full coverage on the
Onu2beta 60meV | degenerated mass hierarchy
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