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Neutrino( v ) Studies by Double Beta
Decays(B8 8) and Nuclear Spin Responses

B B : Sensitive To v & Weak Interactions

2vBB: Ann)—B(pp)+B + B + v+ Vv
‘Lepton NumberL=+2-2=0 Conserve
Within Standard SU (2), X U (1) Model

OvBB: A(nn)—B(pp)+ B + B8 (nov)
Lepton Number AL = 2 Violation
v & Weak Interactions Beyond Standad Model

° v -Majorana Particle with Mass <m >
° Right-Handed Weak Interactions

° v -Majoron Coupling,

° SUSY Particle Exchange

® Heavy Neurtino
* Composite v

° etc




1 Neutrino ( » ) Studies in Nuclei and
Nuclear Spin Responses

1.1 v —Studies in Nuclei & Nuclear Spin Responses
—Nuclear Medium Effects-

Nucleus as Micro-Lab. for

Astrq'particles (Leptons) &
Fundmental Interactions (Weak)

Nucleus is Isolated & Cold Quantum System
Nucleons in Good E, J", T ---states

Unique Features of Nuclear Micro-Lab.

Selectivity of Particular Process
<E 4 T, | Hy | E J T,>

Enhancement / Filter —rTeIefmpe
v -exchange ~ 10" -(m,/m,)
Tﬂe'Tﬁ,:TDeE -0

S b S ==
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23 2v BB & 0v B B Processes

a A d B 4y a4 C e g4 D 4

= Ly >
e U
‘%ﬁ W ~ e T sy .
W € ?_ *u e
d U, du e, dw u

A.2v B B within SM

TEI":GEHIMEP' GEP'II: QB}‘}
M*¥e M, {octrot)#MJ{t ) S-wave B

r 2l

B.0v 8 B with m_,, M(W®), R/L Mixing

TO=G" [M® 2 Km, ><A>+n>)P? G oc QS
M oc M(h(r,,), p; Py 0,0,T,T5,)
Neutrino Potential, Recoil, etc for v —exchange

<m,> = ImU}/
CA> = A ZU,V, A =M/ W5
> = fEUSN, n = W, /W; Mixing

C. 0v B B with SUSY Exchange (g)
T (@=G #M@ A (M®)/(MW)* =L-BA0 Int.

D. Ov BB Mwith Majoron (G-Boson for L—B Break)
TOM = GUMP) 2 gt
<gw = Z2g U,'U, g, M-v Coupling

Haxitor, Kodani Mohapotra Gilman. Hirsh. Takasuge. edes -
Moe - Vogal .- Ruviey
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Doubic Bets Decys and Neutrinos 507

DOUBLE BETA DECAY SHEME T% Qgp
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Figure 3 Level schemes of typical double lweta dacsy.



BB Exp. A—=B + B+B+(v+v)

N,= Nk X G M X(m,>) Xt
G : Phase Space G°*o< Q°;,, G**o< Q"
M : Nucl. Matrix Element M®", M?*
N,: No of Source Nucle
k : Efficiency
{NE-BJ”E-(NM' AE _t]!FE

Isotope B & Actlwtyuf H

lﬂﬂl“ﬁﬂ:ﬂ ﬂ y E Z y ﬂ+ E+ s Eiﬂﬂl states
Long t Accumurate B

.50, Zr, " Te, T, 7P, utc

I Direct Counter Exp. Exclusive
1 Sum-Energy 8 +8, Source-Detector:k~1
Ge ("®Ge) Detector AE=2~3
Milano, USC/PNL, UCSB/LBL, Heid - Moscov
Osaka EL lll, Zaragoza-Bordeaux
Scintillators “®Ca_Beijin, OsakaFL VI, ""®Cd Kiev
Thermal Detectors '**TeQ, etc Milano, etc, AE

2 _B-B Tracking B-8 Energy & Angular Correlations
separate _m, A, y, etc.
TPC  : ®Selrvine, "**Xe Caltech - Neuchatel PSI
DC-PL:"™Mo, '"*Cd OsakaEL.V, MEMO

3 Multi-S, "Mo Osaka, EL VI LBL



Oto Cosmo Observatory

Oto Village, Nara prefecture
100km from RCNP

Cosmicray 4x10 cmzsec' (1500m w.e.)
Radon concentration 10Bg/m* 20| imELV

U-turn

Nshiyoshino Oto village

ELEGANT VII'
ELEGANT V 2B+decay/( 0sCd,seNi)
2B-decay('°Mo) . D.M.(Multi Nal)

T,-ﬂ".

D.M.(Large Nal)

ELEGANT VI
2p-decay(+Ca)
D.M.(CaF)



ELEctron GAmma-ray Neutrino Telescope
ELEGANT V & VI

NIM A302(1991) 34

ELEGANT V
,.)N B Ejn, et al,
0
B Cupper Shocil
LUpper-Nal e .F'H-'
DC-A
DCLC
FMT DC-B
LOwer-Iat LowerPL
ELEGANT VI

CaF{Ex)




26 2vBB &0v BB on Mo by EL V

1DEMD HE whad. 73
ELEGANTV . . |¥
2v BB 1.15-1019y > 2v38 Mo - " Mo
M2¥ = 0.09 (mg) 2
Ov BB > 052-108y
E
116Cg S
2v BB 26- 1019y E
M2v = 0.069 (mg) -3
Z o
T 1 ¥ a
Eig1+Egy Eneryg Spectrum SUM ENERGY Eg+E g (Mev)
| n 3 !:'_ g
Fa: * EXP. mml_mm
o — 2vfg+BG m‘,::,‘m CLER
- - ="’h5 ' m,  >065-10%
t | | <1.9eV
2rqy window B
_ OuBg A >0.49-10%y
<32-10°"
10 - k] s n .54 “f]‘.'f
: - l 2210
1 &  >54-10%y
71.3-107®
Lot i
1 b Il + m(v") >1.8-10*TeV
1.8 2 22 24 2B Hmﬂ-m 32 34
L4 1]
Mo, Ov 8B, EL V at Oto (New) Lab. 248 o Vet

EL V inside Air-Tight with ~20mBg/m® N, gass
Goal OvBB~1410%y, m.~13eV. £~310°



Isotope. ™. )
“8Ca >9.5 104¢
%Ge >6.4 10*
%5e »>2.7 T0~*
1%0Mo 3.7 10
11%Cd >3.2 10%
130Te >5.6 10%
36Xe >4.4 1073
150Nd 1.2 107
™G
7tGe >7.9 10*
%Mo »54 L10M*
136%e >1.1 102
1*"Nd >5.3 10%°

<m, > eV
<8.3 Beijin

<0.6 Heid - Moscov
+0,1-0.39

<5 Irvine
<2.5.  Osaka
<4.1 Kiev
<3 Milano

<2-3  Caltech Neuchatel PS|

<4 Irvine
<gz>1074

<2.4 Heid - Moscow
<0.73 Osaka

<0.8-1.3 Caltech Neuchatel PSI

<0.7 Irvine

Table1 Top: Lower limits on halflives for neutrino-less double beta

decay and upper limits on the Majorana neutrino masses.

Bottom: ower Limits on halflives for neutrino-less double

beta decays followed by the Majoron(B) and upper limits on

the Majoron-neutrino couplings.Some recent data with 90%,
BB %6 * ) and 76%{+) confidencial levels.



Nuclear Matrix Elements

M°" for OvBB & M?2* for 2 vBAB

M*" %= M2*(1*)  Since M:isonly to | IAS % |AS >

Derived From T?"(EXP) = Gor(M2r)2

MP7= ZM® (J7)aM O (1) 45 s M2 ()

HE*’ leads to H“, gllp , for Mﬂ'r & M Du(‘ri-}

Calculations of M®* M2

1

Shell Model
Vergados, Haxton, Zamic, Brown, Song, etc

Quasi-Particle RPA

Vegel et al., Faessler Civitarese Tomoda et al.,
Muto Klapdur Hirsh, et al., Kuo et al., Suhonen,
Sensitive to P-P Interactmn

M*~0at g,=1, M =0 ForJ+ 1

Operator Expansion Method
Chh & i‘hi hhtﬂ' Et d-!‘

Exchange Current & Isobar
Ericson---, Vergados---, Wu Huang-:-,



2.1 Nuclear Responses for 2 v 8 B
H=z o)(t o) H. Ejiri & H. Toki, JPSJ-Lett. Jan. 96

M-‘““*]:E .'_"[ﬂ:‘_ =M:_h:[_§ +M___EME"
LY ﬁl ﬂs ﬁ{]
v MsMg
M-¥(1*)= 1+8
( ) IDGT>

(eQ2 +Q2)
(Q5 —eQP)
oFli>
Efri,
® NPASTTI 199413059
I s 0® " ®

Mav/(MsMs'/As)
3

1 - | — L .
10° 108 1089 102 105 10% 105y T%,
Half-life of 2vf

Ms=10,)IS)=g'Mg g =03 by —eQY
Mg =[S) = |0,) =g“"M2 g" =03 by -€£'Q%
Mg Mg = (") (MM M =0.1 M2 M2
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3.3 Charge Exchange Spin—Flip Reactions
for v—t o Responses
~RCNP, MSU, IUCF, KV1, MU, Kyoto, ....Coll—

a. Charge Exchange Spin Flip Reactions at Medium Energies
(p. n). (n, p), (d, *He), (*He, 1), (t, *He)., ('Li, 'Be*)

b. RCNP Cyclotron E(5)=0.4 GeV, E(*He)=0.45 GeV
Small V, Distortion, Relatively Large V __

C. MSU Cyclotron a-Fragm. t with 0.38 GeV
A1200 Beam—Line Analyzer, and KB0O Spectrograph

3
He
g, vp L
AN nt
+p g N
|
T:"f! R
Fii
{t o>

'r'Ir"l"'""rrI----r-I----

t B(CT,) f-decay [Ljﬂﬂ,‘lg




Spin [sospin Responces for B—vy

Tarcls &g

3
=
uf IUAs
M 0 =0.006
M. Ejiri o2 al
Piys. Letr 2538 (1991) 17
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b. Nuclear Responses forOv B8 B

Hr,: 1 T T 0. o) ~ Ry, 1) & w0 o5 @

'F(I";. rz):.I f"lrl_rzl e, ¥
q=04.GeV/C
=0-b6

Separable Form for Nucleon r, < r, r; < Nuclear R,

fr,, r,) ~ Zf h(r,)h(r,) Ejiri Belyaev, Toki PTP '99

MY~ Z§<0|T < | T,10> Ta=h(y)r o
M?” ~ 3 M,"(SP)M,(SP) + (M,"(GR) M, (GR)— &)
Studied by © " and ¢ * Charge Exchange Reactions

Proposal Double Gamow-Teller Excitation

oonig | | 190Tc IAS: J*=0*, T=T,

GTR: Jp=1*, T=T,-1

DIAS: J=0* T=T,

DGT: J*=07, 2*(1:5)
=12




""Ga(®He, t ¥ )"'Ge
~RCNP, MSU. IUCF, KVI, MU, Kyoto, ....Coll -

Fujiwara, Akimune, Daito, et al, NP "96
Ejiri, Akimune, Ishibashi, et al, PL '98
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%Y, Spin Responses
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FUTURE PLANS FOR 0.0leV region

GENIUS
Ge(76) 1t in Lig. N Goal 0.01eV

( if BG is as present £ 0.05eV)
Hirh E resolution, but large BG<3MeV

Low Q(bb)=2 MeV
Calorimetric Method No m/V+A/etc

NEMO
MolQ00 7-10kg Gorl 0. JeV
2 Neu bb + BG % 0.5eV
Low E resclution
High Q(bb)=3MeV Low BG

Spectroscopic Method ( like ELEGANT)

LENS (Solaryv )
Ybl76 etc 1t ~ >0.1lev

MOON
Mol00 10& Goal 0.02eV
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Majorana neutrino masses from neutrinoless double beta decay
and cosmology

V. Barper *, K. Whisnant *
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Minakata -Yasusla FPRDs: 27 NPB 523 ~958
DHME Degenerate Thaes V. <y > =0,/ ~ 0.5 sofs . Wiixiseg coneg
Electron-neutrino Majorana mass and solar neutrino oscillations

Ernest Ma P.L.Bu4%E 99

Dieporzaent of Phevics, Clvrersiny o Calflrming Miverside, CA 92520, 1754

" Reccived 5 Manch 1959
Editer: M. Cycii®

Abslroct

Assuming the Majorana smsses of », and the lincar combinssion €%, = 58, 10 be equal from their conplings 10 o heavy
scalar triplet £. | show gt Gheir r=dintive splisling & given by A/ = B> A= NG/ V2 IZlaled £ ). ‘This is
nﬂliﬂhkuhlmq:hghmﬂlnmdn:ﬂﬁmmluﬁm ﬂmmmﬂﬂtﬂmﬁsg_mhm
D20 and 0.36 &Y if r=ﬂ1_1n¢=ll}“{iﬂ',EIEWEhniw&n'm::B.?.Mliﬁmmnﬂ

LUME 80, NUMBER 24 PHYSICAL REVIEW LETTERS 15 JusE 190

Weighing Neutrinos with Galaxy Surveys

Wayne Hu Daniz| J. Eiscastein, and Max Tesmark
faszinare for Advanced Srody, Sclel eff Newral Sciences, Primceton, New Jerser QRS540
(Reccived 3 December 1997; revised mamscript received 13 March 1998)

We show it galaxy redshift surveys scnsitively probe the neulnao mass, with <V nass nostrinos
suppressing. power by a factor of 2. The Sloan Digital Sky Survey cun potcntally deloct N seerly
degentrate massive neulring species with mass m, = DES(0, 07 /01N eV x beter then 2o onoe
microwave background experiments measure Iwo other cosmological parameters. Segnificant overlap
exisis between this region and tha impled by s Liguid Scintillsor Newtring Detecior CApenimcnl,
mdtm%nﬁwﬁadhyl&u%kmdy.mﬂmmk@:ﬂ
mecasuremests.  [S0001-9007(98)05410-2) ;

PACS nembers: 95.35,+d, I50Pg, 9362 Py

ALUAE 82, NUMBER 4 PHYSICAL REVIEW LETTERS 25 JANUARY 19

Degenerate and Quasidegenerate Majorana Neutrinos

G.C. Brunco® and M, N, Rebelo'

Cimtn oe Fisinw aus haterarpies Fioulwentois (CFTFL, Jastitinfe Supuvivsr Tevoka,
Avessdy Koivsen Paiy, #-056 Listna-Coxlrx, Portngal

1 L Silva-Mascos®
MIKHEF. Kruisipan 408, JOSE S Amrstendiom, The Netherfimids
{(Recoved 13 Ocisher 1995)
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Double beta decay®

Amand Faessler! and Fedor Simkovic?

—

:if'“"'_!E et (e m, >, <A, <>, < g >} [years™)
mca ?E{I"i HSE lﬁgr Em llﬁcd EHT# lﬁT': E lmﬁ-f JEI-H
Ref 0%  10™ 1 ™ 10 10 10%% 102 10%4 10%

Smp>=leV <A>=0 <n>=0 <g>=0

[156] 642 174 249 12.1

[1] 317 168 058 - 040 0.6

[181] 230 092 045 024

[167] 140 5.60 150 066  3.30
1132] 406 143 180 083

(168] 233 060 127 077 049 221 337
[79] 216 0.61 0267 098 054 14D 445
p.w. | 315 080 109 034 077 163 094 520 611
[109] 895 ' 025 070 109 8.76

<M, >=0 <A>=0 <3>=0 <g>=10"

[156) 796 709  5.24 32.5

[ 393 685 127 570 420

[132) 165 3.3 257 219

[191] 936 201 641 063

[167] 570 122 214 173 836

[168] 049 132 2.60 ILI 128 584 530
[79] 877 132 . 0.53 138 142 376 69
p.w. 128 175 192 068 176 232 247 142 Of

[109] 36.4 D52 161 150 23.5



Mo Observatory Of Neutrino*

MOON
Hiro Ejiri NPL UW

L.Majorana Neuirino With Mass ~0.02~0.03 £V
By Mol00 Double Beta Decays With Large Q=3MeV
Spectroscopic Measurement.

Large Known B(GT) . Factor 5~7 of Ga.SNU.
Low Threshold .Mo100 168 keV.M097 562 keV
. Low BG by T-Window 3(-8)—I(-6)y (1-30sec).

4.Realistic DetectorWith Purity of Ippt 1.3 Bg/gr(8)
10% Mol00 10% Mo97.Isotopic Abundance.
100t Mo, 600t Total, 10m*10m*5m.

" .I'_"'E fiminnaf



___________

E, (MeV)

Excited 0T

states E; (MeV) B(GT)*?
B.S. 0.0 0334 0.04
Ist 1° | 44 0.134+0.02
2nd IF 264 0.23 + 0.03
GTRI 13.3¢ 23.1+38
GTR2 8.0¢ 29405
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GT States inm Ga7l & Mol00

Ga7l1-Ge71
3/2-1/2
Spin factor 0.25
Of{ec) Mev 0.236

B(GT)

=NU  pp 71

Ba7 34
BB 14
Sum 132

= Trediowmsma S

Mol00-Tc100

0-1

.168

0.13

0.23

5.1

~640 *
~210 *
~ 20 =

~900 -



DETECTOR AND COUNTING RATE

1.Detector 100t Mo ( 10t Mol00 ,10t Mo27)
Mo 0.lgr/cm**2 PL 0.5gr/cm**2,
10mx10mx]1000 (~5m)

2.Position lcm**2 0.1gr/100t=10(-9)
Time Window 1-30sec. 10{-6ly

3_N(OV) 5.3(2)/5y 5.5 10(26)y 2.5 10(-2) eV

4. N(Be)/y~200(Mol00) + MoI7
N(pp) /¥ ~ 260 (Mo100)

5.N(BG) 1 ppt UTh 1.3 10(-8) Ba/gr
Nfac).N(c) T window 0.06/y ~0/y
N(dc) Pb214-Bi214 ~170/v
N(bb) ac =250y
N(BG) can be measured to be corrected for



SUMMARY

1.Double Beta Decays Sensitve To
Majorana Nentrino Masses (0.01-1 eVl
Majoron ,Right Handed Weak Current
SUSY etc, Beyond Standerd Thery

2 Present Exp’s Set Limits

Calorimetric Method Ge 76 by H-M
0.2(0.4)-1eV depending on M(bb)

Ena:ttesgzpic_uethﬂd Energy&Angle Corr.
Mass/Right Handed Weak, ...

Mol00,Xel36,..1.5=3 eV, will be 0.5~1
2. Nuclear Responses

2-nbb By He3-t and p-n Reactions

M(2nbb)~M(SP.b) *M(SP.b) Through SP.1+.

M{(Onbb) with J=0,1,2,3,..6 . Also By
Nuclear Reactions, If Separable.

Solar Neutrino Responses
By He3-f Reactions For Excited Sates

4 _Perspecti

GENIUS Ge76 1t Goal 0.01 eV (< 0.04 )
Also For SUSY DM ....

MOON MolO0 10t Geoal 0.03 eV
Also For Scolar Neutrinos Be7,pp.B8.




