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eigenstates ( v _ igenstates
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‘ Ve / V3 m3G
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(0.97 0.23 0.004) 0.8 0.55| 0.15)

Ugw =| 023 097 0.04 Uus =~ —-04 06 07

.0.008 004 1 04 06 07
5~600 0="7

Assuming some symmetry among
quarks and leptons, some models V2/3 v1/3 0

predict —1/6  J1/3  +1/2
J1/6  —+1/3 1/2

0.816  0.577 0
—-0.408 0.577 0.707
0408 —-0.577 0.707
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0 —S,, +Cxul— 513 0 +cp, 0 0 1

(c; =cosd;,s; =sing;)

T2K??? Hyper-K???

CKM (quark sector) 5~60°
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« ERAIE
© Ve:2eV, v, :0.19MeV, v, :18.2 MeV

o FHIEmAYER A (Planck 2013)

© Mytm, +m, :<~0.23 eV?
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Energy Level

WEHES—ER—AHE
(Z,A) > (Z+2,A)+2e +2v,

A(Z+1)

ZDR—AFRIE
(X, TRILF—
BIZZIEEINT
L3

A(Z+2) 4/

(2v/3 - decay) __

to have masses.

Life time~>102° year

\ VEHDEN T BERA—AHE

Require neutrino to be Majorana(anti-vg)=v, and

@, A —>(Z+2,A)+2e (0vsp- decay)\

violating lepton number conservation
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(Z,A) > (Z+2,A)+2e +2v, (2vpp -decay)

(Z,A) = (Z+2,A)+2e

(Ovpp - decay)

Arbitrary scale

v
BB (Ov)

BB (2v)

1 0:5__|

o 2NEFDIRILE—DFNEAISB,
EDEFZEERIZHET HEHRLHD

o F—RA2k (t~>10% yr, a few MeVH B 51)
o IRI)LF¥—5fREE
° /f“/77\\5r7.‘/|:0)|ﬁ£
o KELTEBHIE,

OVBBRRIRDIE =

dN/d(K,/Q)
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Heidelberg/Moscow 76Ge experiment

5 HP-Ge crystals, enriched to 87% in
6Ge ~11kg

total statistics 71.7kg X y
controversial result

KK claim for evidence v.s. refute
by collaborators.

T,,,°V=1.2x10% years
<m >=0.44eV
20134F KamLAND-zen + EXO !
Refute KK claim by 97.5%C.L.
<mgg> < 120-250 meV (90%C.L.)

Mass Limit (meV)

orld record for life time upper limit

Elliott & Vogel
Annu. Rev. Part. Sci. 2002 52:113

I;.:—_ L:.:-
e-ga

KamKAND+ze :
+EXO-200

~2015

1 v osc. Motivated region
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> Xenon production rate =3t d Z0vd

« 5000-7000m3/yr ~50ton in 1998. EEZHS(a.u.)
> 2x10° kton exists in air
> Enrichment and purification are relativel V.

e —
abound(%) [t(2vpp) yr|Q(keV) @ZVBB)/@

48Ca 0.187| 3.9E+19| 4271 55.4] enrichment difficult

76Ge 7.8 1.7E+21] 2039 59.9

82Se 9.2l 9.6E+19] 2995 23.1

967r 2.8 2.0E+19] 3350 8.4

100Mo 9.6/ 7.1E+18 3034 1.8

110Pd 11.8 2013

116Cd 7.5 2.8E+19] 2802 4.8

124Sn 5.64 2228

130Te 34.5| 7.6E+20] 2529 78.6

136Xe 8.9 2.2E+21] 2479 208.8

150Nd 5.6/ 9.2E+18| 3367 4.0 enrichment difficult

*1(2vpp)ec QY T(OVPP)ocQ?
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Xenon TlonizationZ {515 & () Statistical limit
e W-value 21.5 eV, Fano factor<0.17

0.12%(FWHM)@2.48MeV (0.23%(FWHM)@662keV)

A. Bolotnikov, B. Ramsey Nucl. Instr. And Meth. A396(1997) 360
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Fig. 6.2 Amplification process in gas detectors with gas gain (a) and
electroluminescence (b) or proportional scintlilation.

Good and stable linearity because
* A linear amplification process.

* #iphotons o< voltage drop rather than
to the field strength.

w/ 4 mm gap

To get 200 (400) photons,
3.3(6.1) kv@1latm.
4.9 (7.7) kV@5atm.
15(18)kV@30atm.

scence.
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Fig. 3.17 Reduced light output of electroluminescence of xenon gas at
293 K temperature and normal pressure as a function of the reduced
electric field strength {compilation of experimental and computer simu-
fation data by Conde [143]).
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ine design

» 1 ton enriched 13%Xe gas (not liquid)

» At 15~30 times higher density than STP

e p=0.088~0.18g/cm3

e e.g. p$2mx1.7m(H) cylinder at 0.18 g/cm3

AR R

e

» Use proportional scintillation mode (Electroluminescence) for
energy measurement

— Energy resolution goal < 0.5%(FWHM) !!!

— Ultraviolet photon(~170n) detection by MPPC
» Tracking as TPC

— Range(2.5MeV e) ~ 210 cm at STP

— T, by primary scintillation signal

— Sample 15~20 points using pads. ~5mm spacing.

— Purpose is to identify two blobs at track ends. — distinguish from a’s

and y’s.!1!

— Electric field for drift : ~2.5kV/cm@30bar —>drift velocity ~1m/ms

KRBT NI,

eSS LEADIONY

8 N—RFRRER

E(X. HOUVOETE. T TIZHYET,



.
NEXT

next

NEXT Detection Concept

*Cylindrical single drift volume F, \”“v—,’

racking plane

«Scintillation signal for to

. . ] Fressurized vessel (10 - 15 bar)
*lonization signal for separated

energy and tracking measurements
*Converted into EL light
*Instrumented endcaps

*PMTs on energy plane
*SiPMs on tracking plane

*TPB coating: 170 — 430 nm light

NEXT strengths:
*Scalability to ton-scale relatively easy

«0.5-1% FWHM energy resolution

*Tracking and dE/dx information for event topology
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NEXT Detection Concept

*Cylindrical single drift volume F, \”“v—,’

racking plane

«Scintillation signal for to

. . ] Fressurized vessel (10 - 15 bar)
*lonization signal for separated

energy and tracking measurements
*Converted into EL light
*Instrumented endcaps

*PMTs on energy plane
*SiPMs on tracking plane

*TPB coating: 170 — 430 nm light

NEXT strengths:
*Scalability to ton-scale relatively easy

«0.5-1% FWHM energy resolution

*Tracking and dE/dx information for event topology
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* Xe 1UE, UVPMTTELCC conceptZFEiF (X§E. ViE. tff TITRIL
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Back up



ext g_e'h‘erétion Ovp experiments

toward ~0.01eV on <m >

’6Ge diode
Mojorana, GERDA
* more mass several x 100kg

e special electrode for higher resolution and background suppression
B

*| CUORE (139Te)

e Edelwelsss ("°Ge)
e MOON (1%Mo)

Scintillators
o [KamLAND-ZEN({T*Xe)
o a

o XMASS (136Xe)
lonization (TPC)
o | EXO(2%¢Xe)

e NeXT (**°Xe)
Tracking detectors

e MOON (1%Mpo)

e DCBA(32Se, 15°Nd)

e SuperNEMO (22Se)




