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I.

The black box
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Basic factors in 0νββ decay

[

T 0νββ
1/2

]−1

=
(

∑

i

〈εi〉Mεi

)2

F 0νββ

F 0νββ - phase space integral
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F 0νββ - phase space integral

Mεi
- nuclear matrix element

T 0νββ
1/2 - experimental input Elliott, Barabash
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Maruyama, Wilson
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Basic factors in 0νββ decay

[

T 0νββ
1/2

]−1

=
(

∑

i

〈εi〉Mεi

)2

F 0νββ

F 0νββ - phase space integral

Mεi
- nuclear matrix element

T 0νββ
1/2 - experimental input

〈εi〉 - particle physics factor
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Black Box I.
Ideally experiments detect appearance of
two electrons:

L = 0 ⇒ L = 2?

~

e
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~

~

d

d u

e
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W

ν

W

χ0

Observables?
i) Sum energy ⇒ 0νββ

ii) # Events ⇒ Half-life
iii) Type of current (?)

(a) Angular correlation
(b) β+β+ versus β+/EC

,Neutrino 2006, Santa Fe, 14/06/2006 – p.8/34



Black Box II.
In any gauge theory one can show that:
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0νββ

e e
ν ν

Schechter & Valle,

Takasugi

If 0νββ

is observed
the neutrino is a

Majorana particle!

Qualitative statement only:
→ Value of mν depends on model
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SUSY Black Box
In any supersymmetric gauge theory:

0νββ

e e

u u

d dd
~

d
~

χ -+ χ+-

g~

ν~ ν~

Hirsch,
Klapdor-Kleingrothaus

& Kovalenko

If 0νββ observed
the scalar neutrino

has a L/ mass!

⇒ 0νββ decay, Majorana neutrinos and L/

in scalar sector inseparably connected.
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II.

Limits from 0νββ decay

(a) Left-right symmetric models

(b) RP/ SUSY
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Left-right symmetric models

In the notation of DKT:

HCC
W =

G√
2

{

J †
µLj−µL

+κJ †
µRj−µL

+ηJ †
µLj−µR

+λJ †
µRj−µR

}

where

J †
µα

= uγµdα and j−µα
= eγµνα

Note: κ ' η ' tan ζ and λ ' (mWL
/mWR

)2
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Mass mechanism

νi

Uei

e
−

W
−

L

νi

Uei

e
−

W
−

L

Define in the limit
of small neutrino masses:

〈mν〉 =
∑

i

U 2
eimνi

Assume: T 0νββ
1/2 (76Ge) ≥ 1.2 · 1025 ys:

⇒ Mmν
Muto 97: 〈mν〉 ∼ 0.45 eV

⇒ Mmν
Rodin et al. 05: 〈mν〉 ∼ 0.6 eV
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Long range LR

νi

Uei

e
−

W
−

L

νi

Vei

e
−

W
−

R

Define in the limit
of small neutrino masses:

〈λ〉 = λ
∑

i

UeiVei

〈η〉 = η
∑

i

UeiVei

Assume: T 0νββ
1/2 (76Ge) ≥ 1.2 · 1025 ys:

⇒ 〈λ〉 <∼ 7.9 · 10−7, 〈η〉 <∼ 4.3 · 10−9
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Limit from long range LR?
“Seesaw” motivated estimation:

∑

i

UeiVei ∼
mD

MM
∼

√

mν

MM

Recall: λ ' (mWL
/mWR

)2

mWR
>∼ 1.1 mWL

(
mν

1eV
)1/4(

MM

1TeV
)−1/4
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Short range LR

Ni

Vei

e
−

W
−

R

Ni

Vei

e
−

W
−

R

Define in the limit
of large neutrino masses:

1

〈mN〉
=

∑

i

V 2
ei

mNi

Define L/ parameter:

〈ε〉 =
λ2

〈mN〉

Assume: T 0νββ
1/2 (76Ge) ≥ 1.2 · 1025 ys:

⇒ 〈ε〉 <∼ 1.4 · 10−8
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Limit on mWR
from 0νββ
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RP/ 0νββ decay
Example graph:
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χ , g~

λ′
111

λ′
111

∼ 1/m2
ũ

∼ 1/mg̃,χ

∼ 1/m2
ũ

Vergados
Mohapatra

Hirsch et al.

Amplitude
∼ 2 RPV vertices,

but limit
very stringent

Lengthy calculation:

λ′
111 ≤ 3 × 10−4(

mq̃

100GeV)2(
mg

100GeV)1/2
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Neutrino mass?

dd

d

~ ~
L R

ν νλ λ’ ’

mν ' 10−6eV
( λ′

111

3 × 10−4

)2( mSUSY

100GeV

)−1
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III.

〈mν〉

and neutrino oscillations

,Neutrino 2006, Santa Fe, 14/06/2006 – p.20/34



Kim, 1996; Minakata & Yasuda, 1996; Hirsch & Klapdor-Kleingrothaus, 1997;
Bilenky, Giunti & Monteno, 1997; Fukuyama, Matsuda & Nishiura, 1997; Bilenky,
Giunti, Kim & Monteno, 1998; Fukuyama, Matsuda & Nishiura, 1998; Vissani, 1999;
Giunti, 1999; Bilenky, Giunti, Grimus, Kayser & Petcov, 1999; Ma, 1999; Wodecki &
Kaminsky, 2000; Kalliomaki & Maalampi, 2000; Rodejohann, 2000; Matsuda,
Takeda, Fukuyama & Nishiura, 2000; Klapdor-Kleingrothaus, Päs & Smirnov, 2001;
Falcone & Tramontano, 2001; Bilenky, Pascoli & Petcov, 2001; Xing, 2001; Osland
& Vigdel, 2001; Pascoli & Petcov, 2001; Barger, Glashow, Marfatia & Whisnant,
2002; Hambye, 2002; Minakata & Sugiyama, 2002; Klapdor-Kleingrothaus &
Sarkar, 2002; Xing, 2002; Haba & Suzuki, 2002; Pakvasa & Roy, 2002; Rodejohann,
2002; Haba, Nakamura & Suzuki, 2002; Päs & Weiler, 2002; Barger, Glashow ,
Langacker, Marfatia, 2002; Civitarese & Suhonen, 2002; Pascoli, Petcov &
Rodejohann, 2002; Sugiyama, 2002; Avignone & King, 2002; Minakata &
Sugiyama, 2002; Cheung, 2003; Abada & Bhattacharyya, 2003; Giunti, 2003;
Pascoli & Petcov, 2003; Elliott, 2003; Stoica, 2004; Brahmachari, 2004; Bilenky,
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〈mν〉 and ν spectrum
Neutrinos mix, thus:

〈mν〉 =
∑

j

U 2
ejmj

= c2
12c

2
13m1 + s2

12c
2
13e

iαm2 + s2
13e

iβm3

A priori seven unknown quantities:
⇒ 3 masses: mi

⇒ 2 angles: θ12 and θ13

⇒ 2 CP violating phases: α and β
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〈mν〉 and ν spectrum
Neutrinos mix, thus:

〈mν〉 =
∑

j

U 2
ejmj

= c2
12c

2
13m1 + s2

12c
2
13e

iαm2 + s2
13e

iβm3

+ Neutrino oscillation data:
⇒ 1 mass: mν1

+ ∆m2
Atm, ∆m2

�
⇒ 2 angles: θ� and θR

⇒ 2 CP violating phases: α and β
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Expectations for 〈mν〉?
Current oscillation experiments can not tell
difference between normal and inverse
hierarchy. Can 0νββ help?

Normal
hierarchy: 〈mν〉 ' s2

12

√

∆m2
� ' 3 × 10−3 eV

Inverse
hierarchy: 〈mν〉 '

√

∆m2
Atm ' 5 × 10−2 eV
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0νββ and ν oscillations
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0νββ and ν oscillations
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Inverse hierarchy
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Lower limit - inverse hierarchy
Recall:

〈mν〉 =
∑

j

U 2
ejmj

' c2
12c

2
13m1 + s2

12c
2
13e

iαm2

∼ (c2
� − s2

�)
√

∆m2
Atm

' 0.4 ·
√

2.2 · 10−3 eV ' 19 meV

⇒ Lower limit exists, if θ� non-maximal
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Future lower limit?
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sin2(θ�)
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∆m
2
Atm = (2.2−0.8

+1.1)10−3 eV2

Current lower limit @ 3 σ c.l.: 〈mν〉 ' 7.5 meV

@ 2 σ c.l.: 〈mν〉 ' 12 meV
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Reactor angle and 0νββ
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Normal + inverse hierarchy
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T 0νββ
1/2 and mν

10-5 10-4 10-3 10-2 10-1 100 101

1022

1024

1026

1028

1030

10-5 10-4 10-3 10-2 10-1 100 101

1022

1024

1026

1028

1030
T

0
ν
β
β

1
/
2

(7
6
G

e)
[y

]

mν1
[eV]

∆m2
Atm

= [1.4, 3.3] · 10−3 eV2, ∆m2
� = [7.2, 9.1] · 10−5 eV2,

sin2 θ� = [0.23, 0.38], sin2 θR = [0, 0.051]

Mmν
from

Muto, 1997

,Neutrino 2006, Santa Fe, 14/06/2006 – p.32/34



T 0νββ
1/2 : Status
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⇐ “KDHK” claim
NIMA 522
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Current data: 0νββ and mν
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⇐ “KDHK” claim
NIMA 522
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