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1.Double Beta Decays (Bp) &Neutrinos (v).
1.1. v studies by Bp in Nuclear Micro-lab.

i

b.

C.

B, -! .

B B —Decays A

Asymmetric Levels 0‘<‘B(D,n)
by mp‘-?'-'mn, H,#H.. Alnn) ~ BB .
V (pair) <0 Ot

Single 8 A(nn)—B(p,n) Forbidden Clpp)
T(v B8)=10"/sec—0

B B —Processes

2v B B Alnn)—=Clpp)+rB+B+v+ v
A L=0, within SM
T@2v B B)~10%*/sec

Ov B B Alnn)—C(pp)+B+8
AL=2#0, Beyond SM, m_, R, etc
v —Exchange Between n n in a Nucleus

\_><&’8

TOv B B)=10" (m,/m,)*/sec
~T@2v B B) 10° (n‘ly/rl‘h,‘)2

Nuclear B B Detector/Microscope with
Filtering Power of T(8)/T(B B)=10® to cut S
Enlargement Factor of 10° to Find Small m,
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1.2. BB as Sensitive Probes for Fundamental

Properties of v and Weak Interactions

A B d C o 4 D o
7] 5 W = e y———b—u vV eB
vV W € ?..‘—_"'U e
dﬁ. d d u e dW u

A. 2v B B within SM

Tz:.f:G::u]MEl.r szm 0,81,81
M2¥ ¢ My (o T ot )Mz ©) S-wave B

B.0v B8 B with m,, M(W®), R/L Mixing

TOv=G0% |MO¥|2 (<m, >+<ADH 0> GO o< Qf,
M®” e M(h(rp), Py Py T 1T 2T T 3
Neutrino Potential, Recoil, etc for v —exchange

<m,> = ZImUJSs, :
<A> = A ZU,;Vy A =(My/WR?
<n> = nZU,jV, n =W, /Wg Mixing

C. 0v B B with SUSY Exchange ()
T¥(2=G £ M@ A (M@)/MW)* f~L-B#£0 Int.

D. Ov BB M with Majoron (G-Boson for L-B Break

TO vM — GM(MB) 2 <gM>2
<gw = ZgVe Ve g,: M—v Coupling




1.4. Energy Spectra & [,—p, Correlations
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1.5.Nuclear Sensitivities for v
Nuclei as sensitive detectors for v mass etc..
Tv=8% [ <m>? <RHC>* <gz>* etc. ]
S%:Nuclear sensitivity = G | M | *
G% ; Phase space volume ~Qg;°, Large Z

M : Nuclear matrix element

I T P Eyre f IR BB RERIL i IIIIIIII | B 5

Frrrrrm

o
&
A 100
3 =
g :
Vv .
S|
§ 10 o
2 oA 100y 967 |
= B 6ge 7.8%
= 82
B -2 ¢ B%ge 9.2%
= D 1307e 34 5%
. : 136
'z : f{ E 196xe g8.9% _|
L~ | | [ oF 1501~|Id 5.6%
—3 1 Lt 1hitl 1 L 1 111l 1 1. 11111 1 L1 Liin [ L L it
1077100 101 102 103 104

T% Transition Rate/in Unit of 10_36/3



2.Present Status of B Experiments.
2.1.Detector Sensitivities S
Ys=Ng € t T Ypg = AE (Igg/keV/year)
Ys/(Yge)? =Sp T®> 1
Sp detector sensitivity = Ng €p t/ (AE IB.{-})”:'3
1.Geochemical /radiochemical method.
- Inclusive count of B} decay products for long t .
o Ty R R Y Pu,
Tgs(exp) ~ Tgg™ (0" - 07), or limits on Tpg™, Tps™.
2.Calorimetric method for Egz+ Eg
Detectors with B-sources. Good AE, &,
BB 18Ca, Ge, 16Cd, 12513Te, %Xe, 199Gd
BIEC “°Ca *Cd, "0
3.Spectroscopic method for E,, E,, 0,
<m,>, <RHC>by E & 0 correlations.
BG analysis. Low BG.
TPC, ELEGANT/NEMO, ...
Wse "0y Mo, O TN,



TABLE IV. Experimental results of 20383, Ov83, and Or33B. Halflives are given for the ground

state 0t —0% 8" 3~ transitions in even even nuclei. Ejiri - 08
Transition  Qas (MeV) rf:{?(}‘] f‘lﬁffﬂf}f}l ?‘.?Fgﬁﬂ(v','l Remark
BCa—*BTi 4.276 > 9.5 104 a

4.3(42.4-1.141.4) 10'® b

BGe—"8e 2.039 9.2(+0.7-0.4) 10* ¢
L77(4£0.014+0.13—-0.11) 102 = 7.91 104 d

> 5.7(L.6%) 10%° ¢

et TR S 2.992 1.08(+0.26-0.08) 10%° >2.74 10% ¢
(0.83(=0.1+0.07)10% > 9.5 10°! > 2.4 104 q

#Ze—"Mo 3.351 3.0(+£0.9) 104 i
2.1(40-8-0.4 £0.2) 1019 > 1.0 10%! > 3.5 10%0 g

OMo—Ru  3.134 1.15(4+0.3—0.2) 10 > 6.5 1072 > 6.24 10% i
6.8(+0.38-0.53+£0.68) 10 > 1234108 >3314 100  j

7.6(+2.2-1.4) 10 > 2.2 10%2 e

USCa—110gy 2.804 2.6(4+0.9-0.5+0.35) 10* > 5.44 1038 I
2.7(+0.5-0.4+0.9-0.6) 10'* > 2,94 10%2 m

3.6(£0.35 £0.21) 107 > 5.0 107 > 1.2 104 n

128 T — 19X e 0.867 7.7(4£0.4) 107 > 6.9 10 6.9 10™ o
130Te— 130X e 2.529 2 7(£0.1) 10% > 2.54 104 > 2.5 10% o
> 5.6 1022 p

136Xe—1%8s 2,467 > 3.6 107 > 4.4 10% 7.2 10% q

0N — 150G 3.368 6.75(+0.38-0.42+0.68) 10'8 > 1.22 10 > 2.82 10%° r
28811, 238 py 1.437 2.0(0.6) 1% = (.84 10% > 0.8 10% s

MWpy 240Cm 1352 =11 108 = 11 1018 > 1.1 1018 t

113
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Enriched "Ge detectors Qg=2.039MeV AE 3~4keV.
Heidelberg-Moscow  PRL 83 “99

Five HPGe 86% 125.5mole of *Ge. Gran Sasso

BG 0.06 /keV!yfkg Simgle site
0.3 TR J/': -—e
T > 5.7 (1,6*)1025}& 90 %. £ 24 kg y (SSE)
_ e i
* 31w g
SenalthltY- » sensitivity (90% C.L)
e
<m,><0.2(*0.38) eV. % Iimit{EDRC.L\ = ’
H
Ov 01 ! 5 i"
Dependence on M™, factor 3, “P ;ﬂr" ‘ lr‘ | Puﬂﬁ ﬂ‘_
on the peak interval , 1 | \_| U] U i :
Qoo 3000 30 W30 DA 0 2060 mm%”“
energy

factor 2. Avignone III .
IGEX(International Ge Exp.) PRC 59°99. TAUP 99.
Six HPGe 90 moles. 86 %'°Ge Canfrane/Baksan.
Presently with 3. 9ke PSA  « 116.75 mole year - 8.87 kg-year in "°Ge
y e TR sy S
BG ~ 0.06 /keV/y/kg

10 b | |Reduced data set: T,,(0v) >1.57x10% yr (80% CL)|
T > 1.57 10%y(90%)

2038.5 kaV

m
e

Counts / 2 keV

“m > <033~131eV

v2000-7b
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Canfranc Underground
Laboratory

Spanish Pyrenees

Railway tunnel (not in use)

CANFRANC UNDERGROUND LABORATORY __

[ SPANISH PYRENEES )
1700m

IGEX
COSME 2
ROSEBUD

Nal 32

COSME 1| .\ _

Lab 1
675 m.w.e

1380 mwe [ap3 @ S
2450 m.w.e
Figure 1




Bolometric method for *'*T  Milano/Gran Sasso
20 crystals Te0, 3-3-6 cm?: 2 of **Te, 2 of 2%Te
Total 6.8 kg. 0.85 kg y run for *Te.

BG 0.5 /keV/kgly FWHM 9.5 keV
T">86 10%%y 90% for *Te
1.44 10%y 130Te
T 3 e - b §
sm.> 1.1~26ey
<gp><26~6.710"

Counts / keV

40: 208 )

30

20+

104
: 214 .

. AP el
L R L L L L R N L R R LA R AR RN L LA R RN LR R AR RO RY LR LN RERE RN
2300 9400 2500 2600

Energy [keV]
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%Mo with Bp-tracking and E/T/,. Qps = 3.034 MeV.
ELEGANT (ELEctron Gamma Neutrino Telescope)
RCNP/Osaka Oto Lab.

Drift-chamber Plastic scintillator Nal ensemble

190Mo (94%) 1.7 moles E 14 a3 6766hrs in Oto
=
BG ~ 0.0028 /keV/y/kg g bk 3
T>4510%y90%) 2Z 8 ++ Qpg
o 6 l

<m><23 eV © af

2 | 'S
TR > 4. 109 y (90%) e wdiH—F

-2 ;_J_I_LJ_L_L{E-_IHMJxL—l}l:l
<gp><8510° 25 275 3 3.25

B sum energy(MeV)

NEMO collaboration, NEMOII, I1I,
III . Geiger cells and plastic scintillators
20 sectors, 3 are equipped. Start 2001.
100Mo 7kg.%%Se 1kg,
16Cd 0.5kg, 1°°Nd 70g,
%Zr 20gr.

(1)

3m

€))
Sensitivity~ 0.5 eV

depending on BG

TLLLLLACTTTT]

3 @

Figure 4. NEMO 3 detector. (1) Source foil, (2)
tracking volumes consisting of 3 m vertical Geiger
cells. (3} calorimeter made of nlastic seintillators
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BB decays from 0" to excited 0" states
0" - BB — O+—?’}’ 27— Y- 0*
100Mo T~T = 7.6 10%°

lﬁONd

HPGe Y7y Balabash et al ‘99
5~8 10 *° Braeckeleeretal.’00 33
M2 (excited 0) ~ M*(ground 0).
Then BP to excited 0" with BPyy
coincidence may be used

if the phase space is large.

150Nd to *°Sm Qg = 2.65 MeV ,Large sensitivity

Liq.Ar with Mo foil cathodes '*'M
T2=0.85 10" Ashitkov et al.,’99

ELEGANT Nalyy EC/B* Limits on
5000,53N1,64Zﬂ, BZMD, SERu, ID{!Cd ]12511
CaF, CeF, Cd+Nal Limits on T%

for °Ca *¢Ca, 195Cd, *Ce, **Ce Belliet al
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3.Nuclear Responses for [p-v

TZv — le ! sz(’tﬁ) 1 2

ovBB T =GY |M™(toqr) |? [ <m>? <A>%, ...]
s <

rp n p
,\}‘://L q\:’/ B‘:‘}‘P‘
e
* P - P

3.1. 2vpp

n

<mv> A
n

n
G

n .

Y
¥

e
7T v

el s

A Erp0 oe p

N0

it

)

+ P

n

n
i

n B

M

2n-mode (v exchange between 2 N) is major.

Isobar mode ( v exchange between 2 quarks in A)

Pion ( v exchange between rand N ) ~ 10 % , to be

considered to be quantitative in <m, >, <A>, etc.
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Nuclear matrix elements for 2vp3p and Ovjp.
2
M2 = [M“{GT) + (g—“’) M”(F)i|

A

Mlv(GT} — Z <0[‘|TJ|1:Z<1:JT§10'> sz(F) _ Z <UFIT|0C+Z<O:ITJUI>

M®(ta) = 3 (O¢lh. (r, E.)rto0]0>

Mﬂ"(r] - Z <0f|h+ (?'_. EC)TTIO{I') . h+{?',E.;) = ?(H; -+ Hz)

H.(r.E.) = 1 J’cxp(lq-r} e ZJ' g sin(gr) d g ~ 100 MeV/c

2n? | wlw + Ay) q_nr w(w + Ag) 1 Lh = 1h ~ 5h
301
) 100Tc
100Ru
20, j TR>
IGTR
)7 IDIAS>
10 4 IAS> |
IGTR2>
0 ‘O-I-
100Mo p
O+

| M* (to10) | 2~0.01 | M*gp | from T“(expl) .
Mostly double GTR(t0). Used to check H(to) for M%
| M®(tot0 115) | 2. Mostly double GR(to Yy)

No direct exp. for M™. Rely on theories.
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3.2.Theoretical evaluations of M* and M”
SM.Light nuclei. Courier et al., Koonin et al.

SU(4) 1o sym. break. Ericson et al.,Krompotic et al.
OEM. Operator expansion method . Chin et al.
QRPA. Vogel et al., Tomoda et al., Muto et al.
RQRPA. Toivanenet al., Schweger et al. ...

10 ;
..... - .ﬂc{mm} -ﬁ-m'['l[hﬂfﬂl]
R 1 8- e '] (0L TER) === "Ge (not ren) =
aessier L o mems "M¥e (not ren) -
Simkovic pn-QRPA |
JPhys.G.248 °]
‘8. e

3
=

1
. gPP
|
8‘- ——"'E“d- """"-“-GG —
] A full-RQRPA
! !
=] = —
3\ 4- o "'-'I-..--.. i ‘\—‘i\“‘am =
< S -...-_-- il
2 " Sy -._..‘-“"--._h_‘__
2'—-----' ------ — . — o —'M‘___
----------- 2% -o-.-n-._-_ "lll-.ll
7 --‘-"-*-ﬂ--. -...-"'"'4_
0 -'--h--r“—
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3.3. Nuclear Matrix Elements M?', M”
Revi%rs, Faessler-Simkovic, Shuhonen-Civitarese, Ejiri
M? within a factors 1.5~2 agree with 2vBf exp.

MY within factors 2 agree with each other.
Precise theoretical wvalues, including A.,n ,&

experimental evaluations for M” to get <m,>.

Experimental and calculated 2vBf matrix elements in units of
(m.)”'x 107 * for the ground state 0* -0 8~

Transition M2, M2 MZha M2
48Ca — 49T 2:6:Y% 40 a 70Db 55¢
6Ge — '°Se Al 10 d 74 e 83f
82G¢ — 82Kt 469 724d 4.6 ¢ 528
967r — %Mo 371932 22 h 36¢ 22g
100N o — "°°Ru 96+ 1 256 i 19.7 ] 59g
116Cd — 11%8n 6923 45h 51d 36T
128Te —» 128Xe 1.24 + 0.03 = 4.6d 0.56 g
130Te — 139Ke 8.8 +£0.2 — 28d 16¢g
136%e —+ 136Ba < 24 — 4d 38¢g
150Nd — 1°°Sm 5513 52h K —

Double electron captures by SU(3) Ceron, Hirsh, PL.B471 "99.
T %Gd (Q=2.01 MeV) 2.7 10%y, '“Er, %Yb,

Momentum-dependent-induced nucleon currents reduce M™ by
30 % for light v and up to a factor 6 for heavy Vv, increase exp.
<m, > limits by 30%. In RQRPA. Simkovic et al.,PR C 6099



3.4 Experimental Evaluations for M” and M"

M?' Single intermediate state dominance hyposis

A ———

(SSDH). Abad et al. ’84. i
SPHM Single particle-hole model.Ejiri ’94. '96
exp
Mz y MiME _ MEMY | MEmy
K ﬁ“ AS AG
M¥(1*) = M(HS}
AS

(eQs +Q3)

(Q¢ *EQg) ISP>

0+ 1i> g .
As
BHED2 0
0F ~ab_01E> (Qf -€QY)
. #ﬂ'&ﬁ(lm;aq@c
k]
L .
4
'ém-l_
3 107

i | i 1L 1
0P 10® 102 102 10® 10 108y T¥,,
Half-life of 2vBp

Mg =]0,) —|S) =g*"™M} g =03 by -eQY
Mg =|S) —>|0,) =g*"M% g =03 by -€Q%
M¢ Mg =(g™") (g°" Mg Mg, =0.1 M MY

Exp. EC ,Garcia, Bhattacharya, (*He,t) Osaka.

Theories. Civitarese , Suhonen, Ejiri '98, ’99, '00.
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e
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Nuclear Responses for Ov 8 S

H(ry, 15, T4, Tp 0, 0)~1(r,, 1) T, T, 0, >
f(r,, r)=1/|r,—r,| ¥

q=04.GeV/C
f=0—6

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

flry, rp) ~ Zf,h(r) h(r,) Ejir, Belyaev

M ~ 3 f,< 0.|T,"] i><i

T00> T=hfi7v)t o
M®¥ ~ 3 M,"(SP)M, (SP) + (M,*(GR) M, (GR)— & )
Studim T * Charge Exchange Reactions
(*He,t) and (t.°He) reactions

100 IAS: I*=0*, T=T
E% 100Mo e °
e GTR: Jp=1*, T=T,-1
' 100Ru
20 - 1 DGTR>
DIAS: J*=0* T=T,

IDIAS>
DGT: J*=0*, 2+(1:5)
T=T,-2

+

M, =g, ™ [c° Y],

Single Charge Exchange O

Double Charge Exchange
M%( 10 t0 r;;) by double charge exchange

TT reactions with AT=2, (UB, Lj)



4. V and Weak Interactions by Bf

i
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Recent results of v and weak interactions by B3 90% ¢

QyMeV) T*10*® <m>eV T*210* <g>10°

%Ge 2.04 5700(1600) .24(.44)

1900 40
1570 .46

e 3w 0 83 .58

10Mo 3.03 4.5 2.7 4

uecq 2.8 7 83 8%

128670 .87 690 [1.5] 6900

180T 253 144 2.6

1%Xe 247 44 3.5 7.2

g 597 B2 11 28

M”™ by RQRPA Faessler -Simkovic

() sensitivity . [ ] Geo-chemical Method

4.4

1.9

Heid-Mos.
H.M.00
IGEX
NEMO
ELEGANT

Ds3a

Kiev poster
Bernatowisz
Milano
Luescher

Silva et al



Limits on <m,> and weak interactions

<m,> 0.2~1.3eV ™Ge

03
1.5~4 oMo 116Cq 190Tp 136X e
0.7 ~2

<A> 0.4~1.510° "Ge,
<> 02-1510° "™Ge,

<g> 0.8~210" 1""Mo

0.3~0.610* 2%Te Geochemical.

Experimental studies on several nuclei with

different methods are important in view of

sensitivities on M” and BG

My < ~6 10‘5(mq)2(mg)”2

< ~4 104 (me)z (me 1/2 %Ge

m, : SUSY mass in unit of 100GeV
v2000-15a

128Te Geochenical.

Ejiri - 22
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5. Remarks

1. Detector sensitivities.

m,}~[S™/ T2 8"=G» |[M™|?

S = Ngs t T > (BG)'* =(Np; AE 4

m," ~ N2 t"* M™ Qgs*°/ [AE Ngg] -

Present detector limits  weakly on t'* with BG.
0.4~1 eV "Ge ."*Te with good AE Npq
1~2eV Mo, 'Nd .. with good Qg

Spectroscopic studies of B,,8,

Need large detectors with Ny kg--tons to

get sensitivities of 0.02~0.05 eV regions
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2. Responses R"=G" |[M%|? in T%=R%"|<m,>|?
Precise evaluations for M"™ are crucial for <m,>...
Nuclear structure theories.

Experimental evaluations.

(1) Charge exchange spin-flip hadronic reactions

20
M%~Z [t6Y ][toY.].
(*He,t) RCNP, (t,’He) MSU "
Double 1 ¢ flip for M™(16 to 1)
H t 3
¢p & Py ilﬂ.
AN nA i)
AP - g\
0 oy 2
N %} PA
<t o> 0 .

(3) Charge exchange lepton reactions.

Weak probes,Intense leptons & large detectors.
(VoY) (W, Vv,Y). V., I from m/p decays

SNS/ORLaND (Avignone Ill et al.) 1 GeV/1 MW p & v

Tokai/JAERI 3GeV/IMW p

JHF KEK/TAERI
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3. BB—v detector application for URANUS.

Ultra Rare Astro Nuclear Underground Spectroscopy.
BB Ultra rare (T% =10~100 DBU(10**/nucleus/sec)
for m,~0.03 eV) low energy ( 1 MeV) [ y.process.

@-decay.

Solar-\f, Supernova-v,DM-WIMPs ,Pauli, Gravity....

* Apsacle -

MOON ( Mo Observatory Of Neutrinos ) et sk
B
L GR
- ssi N . }
Ejiri, Engel, §3. *
Hazama, Krastev, <

Kudomi, Robertson. 2° \

NPL/UW .

RCNP/Osaka,

UNC, 0

UW/WI,
nucl-exp.9911008 v2

Ensemble of Mo/Scintillator/ WLS fibers modules.
Two correlated B with <m,>~0.03 eV

Two successive B,§’ for real-time solar pp-v, 'Be-v.
GENIUS Baudis,Klapdor-Kleingrothaus,99

v+e=v+e real time low energy solar v



