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ﬁ Conftents

» Infroduction: The Black Box
» Limits on BSM

» Ov33 decay and neutrino oscillations
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7.

The black box
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i Basic factors in 0v33 decay

1] = (3 M) F

1

F%P5 _phase space integral
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* Basic factors in 0v33 decay

] = (@M. )

1

F%P5 _phase space integral

M., - nuclear matrix element Simkovic
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% Basic factors in 0v33 decay

—1 2
Ov Ov
[Tmﬂﬁ} _ (Z (e;) /\/l) 70v38
)
F%P5 _phase space integral
M. - nuclear matrix element
TOI/BB _ experimen’rol inpuT Elliott, Barabash

1/2 Schonert, Piepke
Maruyama, Wilson
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ﬁ Basic factors in 0v33 decay

2

] = (M) E

1

F%P5 _phase space integral
M. - nuclear matrix element
Tf/”fﬁ - experimental input

(¢;) - parficle physics factor
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Black Box |,

i

ldeally experiments detect appearance of
two electrons:

L=0 = L=27
Observables?
D Sum energy = 0v3s

) # Events = Half-life
i) Type of current (7)

[

(a) Angular correlation
(b) 675" versus g+ /EC
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Black Box .

In any gauge theory one can show that:

Schechter & Valle,
Takasugi

If OvG3

IS observed
the neutrino is a
v Majorana particle!

Qualitative statement only:
— Value of m, depends on model
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SUSY Black Box

INn any supersymmetric gauge theory:

Hirsch,
Klapdor-Kleingrothaus
& Kovalenko

If Ov3 3 observed
the scalar neutrino
v has a /. mass!

= Ov(B6 decay, Majorana neutrinos and L
IN scalar sector inseparably connected.
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17

Limits from Ov 55 decay

(Q) Left-right symmetric models
(b) Rp SUSY
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ﬁ Left-right symmetric models

INn the notation of DKT:

G -
H%/C {JTLJHL —I_/{JTRJHL —I_UJTL]NR +)\J/];RJHR}

NG

where

= €YuVa

o

J Za = Uyudq and In.

Note: k ~n ~tanC and X ~ (myy, /my,)*
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% Nass mechanism

(& . . . .
- / Define in the limit
L H .
;o of small neutrino masses:
Y v,
W, ? E: et i
1

Assume: T/, ("9Ge) > 1.2 - 10% ys:

= M., Mufo 97/ (my) ~ 0.45 eV
= M,, Rodinetal 05: (m,)~0.6eV
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% Long range LR

- / ‘ Define in the limit

WSWW\,W U of small neutrino masses:
B (A) = A Z UeiVei

W, 4V i

\‘/\ () =0y UiV

Assume: 7)), ("9Ge) > 1.2 - 10% ys:

= () 79107, () <4.3-107°
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ﬁ Limit from long range LR?

“Seesaw” motivated estimation:

mp my
UeiVei ~ —— ~
2 Ve~ 57~ \ 3
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% Limit from long range LR?

“Seesaw” motivated estimation:

mp my
UeiVei ~ —— ~
2 Ve~ 57~ \ 3

Recall: A ~ (myy, /my,,)?

mWN
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% Short range LR

2

Wr

O Ve
A 4 NZ

MVWWWWW/

ye

. 0V
Assume: T, /2

Define in the limit
of large neutrino masses:

1

(my)

2
S Vei
— NN,

(4

Define . parameter:

(Ge) > 1.2-10% ys:

= (e) <14-10°°

)\2

(my)
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i Limit on myy, from 0v 303

20. = ' ' ' ' ' ' 7 Mohapatra
Hirsch et al.

Note: Width of
band indicates
NME uncertainty

Log(mw,) [TeV]

of ~ 2

0.1

0.1 0i2 0i5 1 2 5 10. 20.

Log((mx)) [TeV]

My, > 1.3([<mN>] ) ey
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Rp Ov(B6 decay

Example graph:
b — NI Z
T B 1/m3
= U,
X ~ 1/mg
= U,
o~ 1w
'/
d, > ')"111> e
111 <3 x 107

Vergados
Mohapatra

Hirsch et al.

Amplifude

~ 2 RPV vertices,
ouft limit

very stringent

Lengthy calculafion:

2 m 1/2
(1OOGeV) (100(§eV) /
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Neutfrino mass?

A
v > \ )\ < v
d
’ 2/ mgysy \ 1
o~ 10—6\/( 11 )( )
" “Y\3x 104/ \100GeV
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111,

<my>

and neutrino oscillations
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ﬁ (m,) and v spectrum

Neutrinos mix, Thus:
2
<mV> — Z Uejmj
j
= (yChamy + S5T9C5e" "My + 575" M
A priori seven unknown quantifies:
= 3 MASSes: m;,
= 2 angles: 6,5, and 63
= 2 CP violating phases: o and
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ﬁ (m,) and v spectrum

Neutfrinos mix, thus:
2
<mV> — Z Uejmj
j
= (5yChamy + S579C0e" "My + 525" M
+ Neutrino oscillation data:
= 1 mass: m,, + Am3,,.. Am?
= 2 angles: 6., and 0y
= 2 CP violating phases: o and
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ﬁ Expectations for (m,) ?

Current oscillation experiments can not fell
difference between normal and inverse
hierarchy. Can 0v 33 help?

Normal
hierarchy:  (m,) =~ s{yn/AmZ ~ 3 x 107° eV

Inverse
hierarchy: (my) =~ /Am?%, ~5x1072eV
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Ovp 6 and v oscillations

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

(my) [eV]

10°10410° 10210t 10° 10t
my, [eV]

Am?, =22-1073eV?, Am2 =8.1-10"°eV?,
sinf, = 0.3, sin?0p = 0.051
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ﬁ Ovp 6 and v oscillations

10" ¢
10° |
10! L
10°2 .

(my) [eV]

103 |
104 ¢
10°° |
106 &

10°°

Am?,  =1[1.4,33]-107°eV?,  Am?
sin? f, = [0.23,0.38],

10°10410° 102101 10° 10t

my, [eV]

sin? §r = [0,0.051]

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

10°
10°
10°1
10 ?
10°3
10"
10°°

10°10°10410°% 10210t 10° 10°

my, [eV]

(my) [eV]

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

sin 0 = [0.23,0.38],  sin?60g = [0, 0.051]
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Lower limif - inverse hierarchy

Recall:
(my) = ZUermj
j

o 2 2 2 2 _ia
= C1pCr3Mia 1 S1oC3€ Mo

~ (A - B JAmd,,
0.4-v2.2-103 eV ~ 19 meV

¢

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

= 30 —|

% 10 Am2,, = (2.2754)1073 6?2
~ 0 —
=~ 20! 1

T

S|
7|
1

01 02 03

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

Q2o0cl: (m,)~12meV

Neutrino 2006, Santa Fe, 14/06/2006 - p.29/3¢



i Reactor angle and 0v 3.3

10" ¢
10° |
10t |
102 ¢
1073 §
1074 |
10°° |
10°10° 10410310410 10° 10°
my, [eV]

Am?, =[14,33]-1073eV?, Am?2 =1[7.2,9.1]-107° eV?,
sin? 0, = [0.23,0.38],

(my) [eV]

sin? fp =

0, 0.025]
0,0.0051]
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ﬁ Normal + inverse hierarchy

10°
10°
10°1
1072 1

(my) [eV]

103 |
1074 |
10°° |
106 &

10°°

Am?,  =1[1.4,33]-107°eV?,  Am?
sin? f, = [0.23,0.38],

10°10410° 102101 10° 10t

my, [eV]

sin? §r = [0,0.051]

7.2,9.1] - 107° eV?,
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)" andm,

1030

M,,,, from
Muto, 1997

("Ge) [yl

1028 _

Ov 3
/2

™

&

1026
10% +

1022 N

10° 1004 10° 102 10t 10° 10t
my, [eV]

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

sin 0 = [0.23,0.38],  sin? g = [0, 0.051]
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OviE3,
Ty, " Status

~ 10%
1028 = Majorana ?
\\;QRRHAJ . . .
< "KDHK" claim

10% | \ NIMA 522

1022 N

10° 1004 10° 102 10t 10° 10t
my, [eV]

Am?, =1[1.4,3.3]-1073eV?,  Am?2 =[7.2,9.1] - 107° eV?,
sin? 0, = [0.23,0.38],  sin?6dy = [0, 0.051]

Neutrino 2006, Santa Fe, 14/06/2006 - p.33/3¢



i Current dafa: Oovss and m,

Ty (°Ge) [y]

10° 10* 10° 10°% 101

2 _
Arrn’Atm -

sin? f, = [0.23,0.38],

< "KDHK" claim

NIMA 522

KATRIN

10° 10°
my, [eV]

[1.4,3.3] - 1073 eV?,  Am?2 =[7.2,9.1] - 107° eV?,

sin? §r = [0,0.051]
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