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7.

INnfroduction
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ﬁ 86 decay modes

-20A) + 2T+ X
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86 decay modes

—_

(Z,A) — (Z T Q,A) + 2et + 2v

2v (663 decay:

— allowed within Stfandard model,
2nd order process in Fermi theory

— Observed for 11 isotopes:
BCa, "5Ge, ¥8e, 97r, 10Mo,
116Cd, 128>130Te, 150Nd and 238U
First double beta plus decay: ' Ba

— TP ~ 10005 ys - (~ G

— Important constraint for nuclear
mMaftrix element calculation
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86 decay modes

(Z, A) = (Z T Q,A) + 2et

Ov (3 decay:
— Violates lepton number by 2 units
— experimentally not observed

Ov
— Ty (10Ge) 2 10% ys

— Current bounds limit neutrino mass scale to
m, < 0(0.5-1) eV

— Observation implies physics beyond the standard
model of parficle physics
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86 decay modes

“Exotic” decays:
— for example X = J, i.e. Majoron
— experimentally not observed (and no rumours!)

— Best limit from: 7,77 (1%5Te) > few 10* ys
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pB-decay "candidares”
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Distinguish decay modes?

| 2
= Neufrinos escape . | 2033 ovpss  0vBp
1t
unmeasured, 2v85 =
, = 08
decay confinuum . |
= 06
5 |
+ i
5 04
= |
= Only electrons 0.2 |
carry energy. B T S 4 5
Ov33 decay peak at Qs Eey + e2) [m.]

= Good energy resolution essential for experiments:
2v33 decay is irreducible background for 0v 33
decay experiments
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20685 & 0vB5 schematically

2v60 decay

(A-2) n n

Standard model allowed
2nd order process:
Amplitude ~ G2,

Ov(B6 decay
(A-2) e p e p
(A-2) n n

Only possible if;
v = v°
Amplitude ~m, G%,
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Half-life

2v 66 decay:

—1
2v 21/
[Tl/fﬁ} — G2V‘ ﬁﬁ\

G2, - phase space integral

MZ¥PP - nuclear structure matrix element

Ov (B3 decay (mass mechanism):

1
TP = Goul(my) P10 P

Gou - phase space integral
MpYPP - nuclear structure matrix element. Note: Mp/77 + pm200P
(my) - effective Majorana neutrino mass

= Phase space can be calculated easily

= Uncertainty completely dominated by M7, Mo?
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—

Phase space infegrals

Example 2v 356 decay: Haxton & Stephenson, PPANP 12 (1984) 409

a2y Wo—me Wo—e1 Wo—e1—e2 5 o
Gay / klelF(Z,el)dq/ koes F'(Z, €2)d€2/ vivsduvy
0

T n(2) S, .

asy, - Physical constants
¢;. k; and v; - energy and momenta of electrons and energy of neutrinos
F(Z,¢;) - Coulomb corrections

Primakoff-Rosen approximation:;

€; 2Tt/
F(Z7 67;):|: - j:k_z 1 — eF2maZ

= allows 1o solve integrals analytically, simple polynomial in
To = (To/me) = (Wo — 2me) /me

= quiick estimate, explains shape of spectrum

= “exact” numerical infegration, see
Doi, Kotani & Takasugi, Prog. Th. Phys. Suppl. 83 (1985) 1
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17

Nuclear matrix elements
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i v 33 decay matrix element

MCT :Z<FIIT—0IIN><NIIT—0III>
258 En +To/2 +m. — E;

N

Graphically:

[N
@)

&)
| I I I I | I I I I |

IN><N|

Mass difference [MeV]
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2v 0806 versus Ov 3

2v30: Mgls5 = (Fll(r—0)< E >(r—o)||I) Only 1+
Only GT
035 M55 = (FIl(7—0) Hun (rij) (r—o)||T) All J™ +
Also F', T, ---
with: )
< E>=
<EN> —I—T()/Q—I—me — FEy
19T
Hm(rij): i /dq - -
272 w (w+To/2+me+ (En) — Ey)

Here, the so-called “closure approximation” has been used:

[|V) (V] 1

%:EN+TO/2+me —Er  (En)+T0/2+me — E;

Note that this is a reliable aprroximation for Ov G5 decay, but not so good in 2v56
decay.
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Nuclear models

Basically nowadays two microscopic approaches to the
nuclear many body problem are used in double beta

decay:

ISM: Interacting Shell Model
For a recent review see: E. Caurier et al, Rev. Mod. Phys. 77:427-488,2005;

(nucl-th/0402046)

PN-QRPA: profon-neutfron Quasiparticle Random Phase
Approximation

See, for example: P Ring and P Schuck, "The nuclear many body problem”

(Springer, New York, 1980); explicit references for pn-QRPA in 33, see below
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% Interacting Shell Model

All microscopic calculations based on the Independent Particle shell model
(IPM) Starting point: Nucleons moving independently in a mean field:

1 .
U(r) = 5%7“2 + DI? 4+ CI§

With (strongly attractive) spin-orbit term, able to explain magic numbers.
Intferactions between nucleons described by residual interactions:

Hzg lCija;raj— E Vijkla;ra;akal
iJ 1<7,k<l!

= Conceptually “simple”: Given a "good enough” residual inferaction, V;;; the
problem is reduced to diagonalizing a matrix in a sufficiently large model space
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pPN-QRPA: Pairing

Basic idea:

Most important part of residual interaction is the pairing force

without pairing: with pairing:
Occupation probability
instead of:
v2 =1 (filled)
v? = 0 (empty)

//

= Use BCS theory for pairing: Ground state consists of pairs of like-wise
nucleons with J™ = 07T

NN

= Change to quasi-particle basis:
Ground state is the vacuum of quasi-particles

= Quasi-particle = a - Particle + b - Hole with a2+b2=1
ISAPPO8-Valencia, 19/07/2008 - p.18/69



pN-&QRFPA

Random Phase Approximation:

ground state correlations
in proton-neutron QRPA

p n- p n
= |RPA) = |BCS) + SO 2p2R) + - - -

= 2-Particle-2-Hole excitations lowest order correction

= If ground state correlafions look “randomly” distributed,

RPA is good approximation
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QRPA Phonons

Charge-changing transition
. in pn-QRPA:
particle-hole pair = phonon

+ = o -+ .-

P " p " Creation of ph-pair
X \ phonon / Y from |BC'S)

excitation . ]
or destruction of ph-pair

forward going backward going

ampplitude amplitude from |2p2h>
\ / can lead to same
final state
. i Assumption:
P n

= Creation of phonon from |BC'S) only overstimates transition probability

= particle-particle intferactions enhance Y, reduce transition probability
ISAPPQ8-Valencia, 19/07/2008 - p.20/69



pN-QRPA versus ISM

Comment: PN-QRPA -/+ ISM [+
Correlations “lowest order” | - | everything | +
Model space large + small —
Parameter dependence | g, (stronQ) - 7?77
Beyond closure yes -+ gle) -
Future improvements? maybe yes o+
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pN-QRPA: g, Problem

Dependence of 2v83 decay maftrix element on g,, schematically:

.
NoY
AN
N
2 0.6 | f
04! ) This figure

collapse
not a redl

0.2 U’ .
0 calculation!

-0.2 1 ‘ ‘ ‘ ‘ \

0 02 04 06 08 1

Ypp

gpp = 1 redlistic + suppression of M, gz achieved, but:

=Y ~ X af gpp > 1, pN-QRPA “collapses”
= Strong dependence of Ms, 33 Near gy, ~ 1, predictions difficult

= "Fortunately” My, g less dependent on g,
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TQ/”QW - Test matrix elements

1
Theory Exp NEMO-3 AM | Comment
6Ge (102! y) 3.0 (1.3+£0.1) 1.5
82Se (1020 y) 1.1 (0.92+0.1) | (0.96£0.1) 1.1 no pred.
967r (1019 y) 1.1 (1.4732) (204+04) | 0.89

100Mo (1018 y) 1.1 8.0+ 0.6) (7.1 £ 0.55) 0.37
116Cd (10192 y) 6.3 (3.2 £ 0.3) (2.8 £0.3) 1.47

128Tg (1024 ) 2.6 (7.2 £ 0.3) 0.60 no pred.
130Te (1021 v) 1.8 2.7+01) | (0.76 £0.07) | 0.82 no pred.
L50Nd (1018 y) 7.4 (7.0155%) 9.7+£12 | 103

Theory: pn-QRPA K. Muto et al., Z.Phys. A 334 (1989) 177

Experimental data from review: S. R. Elliott and P Vogel,
Ann. Rev. Nucl. Part. Sci. 82, 115 (2002)

NEMO-3: L. Vala for the NEMO Collaboration, arXiv:0710.5604

Definition of AM = M / M3 relativ to Exp
Average deviation for 8 (5) isotopes only 50 (60) % ! ISAPPO8-Valencia, 19/07/2008 — p.23/69



Double elecfron capture

A.P Meshik et al., PRC64 (2001) 035205
(geochemical):

BB
1 /2

("YBa) = (2.2 4+0.5) x 10** y

M. Hirsch et al., Z. Phys. A347 (1994) 151
theoretical prediction:

Tf/”fc/ FCA30Bg) = 4.2 x 102! y

= AM = 1.38
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Ovp6 M.E. uncertainty

=
N

R N W b~ 01O
°
°
°

48(}a 828e 100M0 116Cd 128Te 136Xe
76Ge 96ZI‘ 110Pd 124Srl 130Te 150Nd

blue (pn-QRPA): K. Muto et al., Z.Phys. A 334 (1989) 187; Z.Phys. A339 (1991) 435;
Europhys. Lett. 13 (1990) 31
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Ovp6 M.E. uncertainty

a 6 ] ¢
S
S 2 +
¢
4. * N
3 Lt e "o Error bars:
5 . t o . only Agpp
S ° from 2v30 fit
1 ¢
\ \ \ \ \ \ \ \ \ \ \ \

48(}a 82Se 1OOMO 116Cd 128Te 136Xe
76Ge 96ZI‘ 110Pd 124Sn 130Te 150Nd

blue (pn-QRPA): K. Muto et al., Z.Phys. A 334 (1989) 187; Z.Phys. A339 (1991) 435;
Europhys. Lett. 13 (1990) 31

black (pn-QRPA): V. Rodin et al., Nucl.Phys. A766 (2006) 107 Erratum
A793:213-215,2007
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Ovp6 M.E. uncertainty

. 6 o
S
S

4 * * Error bars:
3. $ o o ® * from averaging
+ o 20 calculations
20 * QRPA + RQRPA
1 ' Vies'S
\ \ \ \ \ \ \ \ \ \ \ \ + mOdel Spoces
18y 82Ge  100)\[, M6C] 128Te 136X +Agpp+ SRC

76Ge 96ZI‘ 110Pd 124SH 130Te 150Nd

blue (pn-QRPA): K. Muto et al., Z.Phys. A 334 (1989) 187; Z.Phys. A339 (1991) 435;
Europhys. Lett. 13 (1990) 31
black (pn-QRPA): F. Simkovic et al., arXiv:0710.2055v3 (2 April 2008)
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Ovp6 M.E. uncertainty

=
N

R N W b~ 01O
°
°

48(}a 82Se 100M0

76Gre 96ZI‘ 110Pd

116Cd

124Srl

128Te

136}(e

130Te 150Nd

blue (pn-QRPA): K. Muto et al., Z.Phys. A 334 (1989) 187; Z.Phys. A339 (1991) 435;

Europhys. Lett. 13 (1990) 31

red (ISM): E. Caurier et al.; Eur. Phys. J. A36 (2008) 195 (arXiv:0709.0277)
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Ovp6 M.E. uncertainty

Y 6 :
S
2 0 Error bars:
4 \ from averaging
3! ° i i 20 calculations
® o ¥ ° QRPA + RQRPA
2 T + model spaces
1 . ¢ +Agpp+ SRC
\ \ \ \ \ \ \ \ \ \ \ \

48(}a 82Se 1OOMO 116Cd 128Te 136Xe
76Ge 96ZI‘ 110Pd 124Sn 130Te 150Nd

red (ISM): E. Caurier et al.; Eur. Phys. J. A36 (2008) 195 (arXiv:0709.0277)
black (pn-QRPA): F Simkovic et al., arXiv:0710.2055v3 (2 April 2008)
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Ovi3e M.E.. Summary

Good news:

= Latest calculations agree
within a factor of 2 (or better)
= Improvements possible in the future (ISM)

Bad news:

= ISM is (systematically?) lower than pn-QRPA
= Disagreement in many details (SRC, HOC, yr, etc...)
= Only 2% groups working on the problem
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L11.

Mass mechanism
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J. Mass mechanism
ml

Simplest possibility for a 0v G5 diagram:

ISAPPO8-Valencia, 19/07/2008 - p.32/69



% Nlass mechanism

Simplest possibility for a 0v G5 diagram:

Neutrino

propagator:

f d*p my,+y
(2m)* p?—m;

"Mass mechanism” because wedak inferaction is
left-nanded:

Pr(my, +9p )Pr, =m,Pg

ISAPPO8-Valencia, 19/07/2008 - 0.33/69



M., 53 Qs function of (m,,)

Log(Mo,s5)

S &b A DN A o e

2 4 6 8 10
Log((m,)) [eV]

Separate nuclear and particle physics:
Constant forsmallm, = Tj ~m,~?

(~1/m,)* forlarge m, = Ty, ~m;
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Neutrino mixing

e
W= / Each vertex:
QVAVAVAVAVAVAVAVAV,AY) )

Uez
1 V; W/L_é’VMPLUeiVi
— | v Full propagator reads:

MWWWWWA U
\\ — U2/ d4p mVi—I_Ib

“J (@m)tp?—m?

Vi

Define in the limit of small neutrino masses:

(my) = Z UeQisz'
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(m,) and v spectrum

Neutrinos mix, thus:

(my)

E 2.
UejmJ
J

2 2 2 2 i« 2 i
C19C13M1 + S19C13€ Mo + S73€ ﬁmg

A priori seven unknown guantities:
= 3 MAsses: m;

= 2 angles: ¢, and 63

= 2 CP violafing phases: « and

ISAPPO8-Valencia, 19/07/2008 - .36/69



(m,) and v spectrum

Neutrinos mix, thus:

(my)

E 2.
J

2 2 2 2 2 1
612613m1 —+ 3126136 mo9 —+ 3136 ﬁmg

+ Neutrino oscillation dafa:

= 1 mass: m,, + Am3,, Am?

= 2 angles: 0. and 0y

= 2 CP violafing phases: « and

ISAPPO8-Valencia, 19/07/2008 - p.37/69



Inverse or normal hierarchy?

Both of the following can solve solar and atmospheric
neutrino problems:

Normal hierarchy  Inverse hierarchy

ISAPPO8-Valencia, 19/07/2008 - p.38/69



% Expectations for (m,) ?

Current oscillation experiments can not tell difference
between normal and inverse hierarchy. What is the
expectation for OvG57?

Normal
hierarchy:  (my) ~ siy1/AmZ ~ 3 x 107% eV

Inverse
hierarchy: (my) o \/Amitm ~5x107%* eV

ISAPPO8-Valencia, 19/07/2008 - p.39/69



OvpB 6 and v oscillations

red: (+,+) blue: (+, —)
green: (—,+) magenta: (—, —)

(my) [eV]

10 10 10°° 1072 10t 10 10t
my, [eV]

Am?, =22-1073eV?,  Am2 =8.1-10"°eV?,
sin?f, = 0.3, sin?6p = 0.051
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ﬁ OvpB 6 and v oscillations

10°
1071
107

(my) [eV]

1073
1074
107 |

10—6 T
10°°

Am?,  =[1.4,3.3]-107°eV?,  Am?
sin? f, = [0.23,0.38],

10 10% 102 102 107t 10° 10!

my, [eV]

sin? §r = [0,0.051]

7.2,9.1] - 107° eV?,
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ﬁ Inverse hierarchy

(my) [eV]

107!
1072
1073
1074
10>
10—6 R R TTI ENERTITT IR T AT B AT AT

10°°10™ 10% 102 102 10t 10° 10°

My, [eV]

Am?, =[1.4,3.3]-1072eV?,  AmZ =[7.2,9.1]-107° eV?,

sin? ., = [0.23,0.38],  sin?60r = [0, 0.051]
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i Lower limit - inverse hierarchy

Recall:

(my) = ZUgjmj
J

2 2 2 2 _ia
= C1aC13M + S19C13€ M2

™~ (C?D_SQQ)\/Am?thm
~ 04-v22-1073 €V ~ 19 meV

= Lower limit exists, if 6, non-maximal
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Future lower limit?

| = 30 —|

100,
50 iAmitm = (2.273:)1079 eV?

§s

20 |
10/ N\k\

S|

(my) [meV]

2|
1

01 02 03

Current lower Iimit @ 3 o c.l.: (m,) ~ 7.5 meV

Q20cl: (m,)~12meV
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i Reactor angle and 0v 53

10° |
10! |
102 ¢
107
1074 ¢
105 |
10—6 o L Lo ool
10° 10 10 1072 104 107 10° 10!
my, [eV]

Am?, =[1.4,3.3]-107%eV?,  AmZ =[7.2,9.1]-107° eV?,
sin? f, = [0.23,0.38],

(my) [eV]

sin? fp =
0,0.051
0,0.025]
0,0.0051
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ﬁ Normal + inverse hierarchy

(my) [eV]

1071
1072 |

1073 g
1074 g
107 |

10—6 T
10°°

Am?,  =[1.4,3.3]-107°eV?,  Am?
sin? f, = [0.23,0.38],

107° 10* 10°° 1072 1071 10° 10t

my, [eV]

sin? §r = [0,0.051]

7.2,9.1] - 107° eV?,
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1/2
— 1030
S'S M,,,, from
= K. Muto,
= PLB 391, 243

1022 N

10> 10™* 10°° 10 10! 10° 10t
my, [eV]

7.2,9.1] - 107° eV?,

Am?,  =[1.4,3.3]-107°eV?,  Am?

sin” 9@ — [0'237 038] ’ sin” Or = [O’ 0‘051] ISAPPO8-Valencia, 19/07/2008 - p.47/69



i Current dafa: ovGs andm,

10%

Tlo /1/266<76G6> ]

< "KDHK" claim
NIMA 522

KATRIN

10™° 10* 107 10°% 107t

Lol

10°  10*
my, [eV]
Am?, =[1.4,33]-107°eV?,  Am?2 =1[7.2,9.1]-107° eV?,
sin® 0o = [0.23,0.38],  sin?60r = [0,0.051]
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B

IAZ

Lepton Number Violation and 0v 35
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i. Black Box |.

An idedl experiment detects appearance of fwo electrons:

Observables?

) Sum energy = 0vG03
i) # Events = Half-life

i) - ?) ... Others ... (7)

ISAPPO8-Valencia, 19/07/2008 - .50/69



Black Box Theorem

Schechter & Valle, PRD 1982
Takasugi, PLB 1984

If Ovi3p

IS observed
the neutfrino is @
Majorana particle!

= (m,) Must appear in higher order, even if
suppressed or apbsent at tfree-level

= Qualitative statement only:
Value of m, depends on model

ISAPPO8-Valencia, 19/07/2008 - 0.51/69



Again: Mass mechanism

Standard model weak current af low energy:

G
SM _ YF . T
L \/§~]V A']V A

with J{._, = uv,Prd, jls_, = ey"Prv

= Product of two L

+ Majorana neutrino mass: Neutrino propagator:
d— = u Z;
p ml/"‘

wW PL f (2 p m2 PL

e
v = V¢ P f d4 my

RN ) p2—m?
e

W ~U mV
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Lorentz-invariant Lagrangian

Consider all possible currents (V, A, S, P, T):

J = 10,d
ja — éOaV
jzhort _ éoaeC

Define operators O, g with definite helicity:

Ov_a=~"P,  Ovia=~"Pg

Os—p=P, Ogsip=PFPr

7 )

Or, = 5[%%]1% Ory, = 5[%%]133

ISAPPO8-Valencia, 19/07/2008 - p.53/69



Lorentz-invariant Lagrangian

Write down most general L:
[ — ﬁSM 4 ﬁlong 4+ Eshort

Standard model:

G
SM _ YF . T
L \/§]V AJV A

Long-range part:

with:;

£long _ Gp 6[3 B']T Jb = 1044,
\/§ jg = é@gl/

& ]Ehort — 50560

Short-range part:

Lshort F Z aﬁfyjshortJT JT
o, B

ISAPPO8-Valencia, 19/07/2008 - 0.54/69



Lorentz-invariant Lagrangian

Graphically:
(a) (b)
d d . u
W e \e
_ Vv + Y
e e
d W u d W u

&
SR S

(c) (d)

= Neglect terms proportional 2 Neutrino propagator:

s ' . Pr, f (gigl ”Z”_Jrgg Pr
= For limits, consider only helicity A
enhanced ferms, i.e. ~ = Pr | Gt promz
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Limits: T} 5("°Ge) > 1.2 - 10 ys

H. Pas et al., PLB 1999 and 2001:

Long range part:

Short range part;

ev 4| 4.3-107° eS/PSIPSIE 41077
eyt | 791077 | | DTS/P 2.5-107°
egjg 1.1-10"8 VEAVEAS/P | 5 108
€otp [ 1.1-1078 | | VEAVFAS/P 1 14,1078
et 16.4-10710 | | /ATVA 2.5-1078
et 11.7-107° eVIASIEVIA - 95,1077

= Limits are “on-axis”, i.e. one € non-zero
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Limits on

pohysics beyond the SM

ISAPPO8-Valencia, 19/07/2008 - p.57/69



ﬁ Left-right symmetric models

Translation table:

PaGs et al. DKT linnit

ey () |~ >; UejVej tan 4.3-107°
€V (A |~ >0, U Vey(mw, /mw)® | 7.9-1077
VEAVFASIE | ey | ~ 3 V2 /mn(mw, /mw,)? | 1.4-107%

* Notation of Hirsch et al., PLB 1996

Note:
= (n) and (\) are long-range
= (&) Is short-range
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i Limit on myy, from 0v 303

2. ' ' ' ' ' ' 7 Mohapatra, PRD 1986
Hirsch et al., PLB 1996

Note: Width of
band indicates
NME uncertainty

Log(mw,) [TeV]

of ~ 2
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Leptoquarks

LQs are hypothetical

w
<
=
- - —— -

d > = SAVE particles, coupling to
_ > u a quark-lepton pair
V=V € B
- o o LQs can be scalars (S)
_ > © or vectors (V)
w W
d u d > > u LQs can violate L
(in LQ-Higgs interaction)
if conserve B
e — C €S — € —
— (" Pre®)
(R) (R) (L) (L)
Qg oy, 3 Qg oy, 3
X + (@yuPrd) — V2 ( + ) (U’YMPLCZ)] ;
[( Mg My ) Mg My
= ¢ and « products of LQ couplings times mixing angle
2
= Example: a7, <2.5-10710 (gl ) Hirsch et al. PRD 1996
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Long-range RPV SUSY

u d > . > u
i o S Ve
= e
V=V e _ Babu & Mohapatra,
vy PRL 1995
e _ e .
] Pds et al., PLB 1999
W W
d = — u d = = u

= T("%Ge) > 1.2-10%° ys
= Including fensor maftrix element:

3
! ! —8( m
113)\131 < 3.8-10 (ﬁ)
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Short-range RPV SUSY

Only one example:
Mohapatra, PRD 1986

Vergados, PLB 1987

O ——> & Hirsch et al., PRL 1995
! 2
oy~ L/

_ N Amplifude

~ 2 RPV vertices,

X:0 ™~ 1/m§7>< but limit

o . very stringent
i b~ 1/mg

d _ )':‘/nP* e, From gluino graph:

11 <3 x 107 (100Gev)2(10(7)7z;gev)1/2

ISAPPO8-Valencia, 19/07/2008 - p.62/69



(m,) or BSM??
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Angular correlation

Calculate differential width: For LR-models:
Doi, Kotani & Takasugi, 1985

dl’ For general LI Lagrangian:
—— ~ (1 = Kcosf) Al Borisov & Zhuridov, 2007
d cos 6

= Advantage: K depends strongly on mechanism, but weakly on nuclear maftrix
elements (i.e. weakly on isotope)

= Disadvantage: Many terms in general Lagrangian lead fo same (or very
similar) angular dependence

= Disadvantage: Most experiments calorimetric measurements only, exception:
NEMO-II
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Double beta plus decays

In 3T 3T three principle decay modes: For LR-models:
Hirsch et al., Z. Phys. A 1994

OvBT3T: (Z,N) = (Z —2,N) + 2e™
OovBT/EC: (Z,N)+e™ = (Z—-2,N)+et For general LI Lagrangian:
OvEC/EC: (Z,N)+2e~ = (Z—-2,N)* no publication exists

Numerical example: 124 X e using pn-QRPA

Mode: Cmm C)\)\ CAA/Cmm
ovgtpt | 87-10717 | 85.10718 0.098
Oovpt /EC | 1.6-1071% | 2.2.10714 13.75

= Advantage: Rafios (nearly) independent from nuclear matrix elements
uncertainty

= Disadvantage: Only (\) enhanced

= Disadvantage: Even best isofopes (af least) one order of magnitude slower
than best 6= 3~
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Others?

= Compare rates ground stafte to 2+

- Doi, Kotani & Takasugi, 1985: YES
- Tomoda, PLB 2000: NO for (n), maybe for (\)
- Disadvantage: several o.m. slower than g.s. fransitions

= Compare rates ground state to 0

- Simkovic & FaBler, Prog. Part. Nucl. Phys, 2002
- Disadvantage: (a) (about) 2 o.m. slower than g.s. fransitions
- Disadvantage: (b) need to know matrix elements: AM <« 40%

= Compare rates, different nuclei

- P&s & Deppisch, PRL 2007; Gehman & Elliott, J. Phys. G 2007
- Disadvantage: need to know matrix elements: AM < x,

x differs for different particle physics, but is

x = (10 — 25)%, depending on number of isotopes
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ﬁ From accelerators?

In trilinear RPV SUSY, limit from "°Ge excludes:
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From accelerators?

In trilinear RPV SUSY, limit from "°Ge excludes:

ER 55 S No SUSY @ LHC?
2107 - - > RPV 0v33 decay
— A Ev ‘<
102 - 5 Iy —~ (nearly) excluded
< @G%; %;
O
1000 Y g
é@%é - ’
0t S
10_5 E : Lo ‘ Ll
101 102 103

Log(msysy) |GeV]

= Disadvantage: RPV SUSY yes, but other models?
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* Conclusions

= All models with lepton numlber violation
conftribute to Ov35 decay

= Discovery of Ov35 decay = Majorana neutrinos

= Current limits order O(1/2) eV, see S. Schonert’s
tfalk for experimental prospects

= |F Ov3 6 decay is discovered:
Which is The dominant mechanism?
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