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Neutrinoless double
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Tlo/”z (136Xe) > 1.1 X 10%° years

Dimension 9 effective operator Fuuddee

It can be generated in many
different ways
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The (neutrino) mass mechanism
is perhaps the best known one
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Neutrinos need to be Majorana particles

Mee < 0.16 €V



The black box theorem

Majorana neutrinos < 0v23

Majorana neutrinos | >

But the converse is also true (black box theorem):

Majorana neutrinos

Schechter, Valle (1981)
Takasugi (1984)

The amplitude of such a +4 loop
diagram is tiny

Duerr, Lindner, Merle (2011)
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The 023 operator

Decomposing it

There are two topologies at tree level

Vector or scalar bosons are needed
to complete the diagrams
.

What are the allowed SM quantum
numbers of the internal particles?

Scalars: many possibilities

Bonnet, Hirsch, Ota, Winter (2014)

Vectors: assuming these are gauge
bosons, it is trickier to say;
it depends on the group
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Short-range contribution: examples
With scalars
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Short-range contribution: examples
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In principle, short-range contribution is
smaller than the mass mechanism
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Short-range contribution: examples
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In principle, short-range contribution is
smaller than the mass mechanism
Q d°  Neutrino mass is generated at 2-loop
_ Short-range contribution is
(.5_.51]_:) (_6_:,_” competitive with the mass mechanism
L de
Helo, Hirsch, Ota, Santos (2015)
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Well known vector contributions

LR models:
SUB)e x SU(2)L x SUR2)r xU(1)B_1L
d® Gauge bosons are in the
adjoint representation
(8,1,1,0) —> Gluons

(1,3,1,0) —= W
uc (0 g 0y sl (T P e )
(1,1,1,0) — [irrelevant] \\WR
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List of 023 dim 9 operators

SM group dim-9

operators: Pick pairs of SM
fermions and infer what

uudedce’e” are the possible V’s
uu®d<QeL

uu QQLL Find groups with the
ucdedcQe’L allowed V representations
u°d°QQLL

ded°QQLL Try to build complete

Ov23 diagrams
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List of 023 dim 11 operators

Two extra Higgs doublets

uucdcdce‘e*HH T

uCucdedeLLHH uCiCQQLLHH
uCutdcQeLHH u'QQQe‘LHH

(mass mechanism is dim 11)

SM group dim-11
operators

UCUCQQGCGCW dcfdeQececHH
wu*QQLLHH d°d°QQLLHH
uCdedcQeLHH d°QQQe°LHH
uedcQQeeHH QQQQLLHH

Vector representations:
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List of 023 dim 11 operators

Two extra Higgs doublets
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List of 023 dim 11 operators

Two extra Higgs doublets
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The Pati-Salam group

The PS group contains the LR one:
SU4) - SUB)e xU(1)p-L

The heavy gauge bosons are then
the ones of LR plus

P = 312
= 773

P should be quite heavy (due to
meson decay constraints)
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The 331 group

Quick overview of the structure of (most) 331 models
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The 331 group

Quick overview of the structure of (most) 331 models

The electroweak group is
extended to

SU(3)L X U(].)X

f

Important
parameter

New gauge boson

=
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The 331 group

Quick overview of the structure of (most) 331 models

(I) Left-handed leptons go into triplets of the new SU(3)

The electroweak group is (IT) Two families of left-handed quarks go into anti-triplets
extended to (III) To cancel gauge anomalies, the third family of left-
SU@B)L xU(1)x handed quarks goes into a triplet
331 representation SM group decomposition # flavors
Y =pTs + X — | v (L3-1-p) (12-1)+ (111 L) 3
f Iz (1,1,1) (1.’1“, 1) 3
Ix 1,1,1 4+ Y83 (1,’i,l+@3 3
IpaTLant (3 3 B ) RSl 23 121 )ﬁ? 2
parameter —» | Q12 13, 5 T mﬁ 1 et i 5T 7! :
HILE HTe Bty B R T e S 1
ue ity ey (3.1,-2) 3
C: ) 1 L T
New gauge boson d (3.1.35) (3= L3 3
Jis goisialibivdy BpLinl g 2
(1,2,iﬁ\/§/2) | e e 51,1445 1
s 1 Aty 9 1 R T ﬁr
2, (1,3, 12 mﬂ) (1,2, 2) + (1, R ,d) 1
b 1.3 %J) (1,5, v3g) .y (1,’1,0) 1
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The 331 group

Disevrear- Lo

Intensity: 331

B=—V3

Lepton number violation and

The third component of the neutrinoless double beta decay
lepton triplet (an SU(2) singlet) in 331 models has been explored
has +1 charge = ¢° but

there is some confusion in the

tasanoyListes CIOIR literature on this issue

Frampton (1992)
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The 331 group

Intensity: 331

Lepton number violation and

The third component of the neutrinoless double beta decay
lepton triplet (an SU(2) singlet) in 331 models has been explored
has +1 charge = ¢° but

there is some confusion in the

tasanoyListes CIOIR literature on this issue

Frampton (1992)

SU(3)®U(1) model for electroweak interactions

F. Pisano and V. Pleitez
Instituto de Fisica Tedrica, Universidade Estadual Paulista, Rua Pamplona, 145 CEP 01405-Sao Paulo, Brazil
(Received 18 February 1992)

We consider a gauge model based on a SU(3)®U(1) symmetry in which the lepton number is
violated explicitly by charged scalar and gauge bosons, including a vector field with double electric
charge.
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The 331 group

Intensity: 331

Lepton number violation and

The third component of the neutrinoless double beta decay
lepton triplet (an SU(2) singlet) in 331 models has been explored
has +1 charge = ¢° but

there is some confusion in the

tasanoyListes CIOIR literature on this issue

Frampton (1992)

SU(3)®U(1) model for electroweak interactions

F. Pisano and V. Pleitez
Instituto de Fisica Tedrica, Universidade Estadual Paulista, Rua Pamplona, 145 CEP 01405-Sao Paulo, Brazil
(Received 18 February 1992)

We consider a gauge model based on a SU(3)®U(1) symmetry in which the lepton number is
violated explicitly by charged scalar and gauge bosons, including a vector field with double electric
charge.

This is not the case: lepton
number is conserved in the model
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The 331 group

Intensity: 331

, , Lepton number violation and
The third component of the neutrinoless double beta decay

lepton triplet (an SU(2) singlet) in 331 models has been explored
has +1 charge = ¢° but

there is some confusion in the

tasanoyListes CIOIR literature on this issue

Frampton (1992)

SU(3)®U(1) model for electroweak interactions

F. Pisano and V. Pleitez
Instituto de Fisica Tedrica, Universidade Estadual Paulista, Rua Pamplona, 145 CEP 01405-Sao Paulo, Brazil
(Received 18 February 1992)

We consider a gauge model based on a SU(3)®U(1) symmetry in which the lepton number is
violated explicitly by charged scalar and gauge bosons, including a vector field with double electric

charge.
This is not the case: lepton However, a quartic scalar term which was not
number is conserved in the model written down (but is allowed) does break LN!
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The 331 group

Long range contribution to
0r23 seems interesting in V =(1,2,4+3/2) 3=—v3
this model
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Picks the p-slash part of the
neutrino propagator
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The 331 group

Dsirier-Hooos: /

Intensity: 331

Long range contribution to
0r23 seems interesting in V =(1,2,4+3/2) 3=—v3
this model

Picks the p-slash part of the
neutrino propagator

Neutrinos do not have mass in this model
Is the black-box theorem wrong?
Charged lepton masses are unrealistic
(0, m, m) hence this is more of a curiosity
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The 331 group

The third component of the
lepton triplet (an SU(2) singlet) L L
has 0 charge = N°€

Intensity: 331

Singer-Valle-Schechter (1980)

V= (1,2,4+1/2) |
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The 331 group

The third component of the
lepton triplet (an SU(2) singlet) L L
has 0 charge = N°€

G/W«QWA@/E%

Intensity: 331

Singer-Valle-Schechter (1980)
|V =(1,2,£1/2)

Gauge boson mixing
induced at tree level
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The 331 group

MW«@W&%%

Intensity: 331

The third component of the
lepton triplet (an SU(2) singlet) L L

has 0 charge = N°€

Singer-Valle-Schechter (1980)

‘ Q Q
vV =(1,2,£1/2) | /
Dirac neutrino mass

Gauge boson mixing matrix is anti-symmetric
induced at tree level without further changes to
the model
Renato Fonseca 15
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Summary

Neutrinoless double beta

decay is a very important

process for understanding
lepton number

A Majorana neutrino mass
isn’t the only mechanism
which can account for 0v24

We have been exploring the @88  Pati-Salam and 331 models
possibility of 0023 induced by S are interesting possibilities
heavy vector bosons in models S8 which have not been fully

with extended gauge groups S8 explored yet

il
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