Y VNIVERSITAT

7 DOGVALENCIA

CRISTITLIE R TS A
el ] 20 s o o BN ot

ASLROPARITICLES

®¢) EXCELENCIA

SEVERO
OCHOA

Astréparticlés and High Energy Physics Group

https://www.facebook.com/ific.ahep/

NCTS Annual Theory Meeting. 2016 Hsinchu, Taiwan



U J SHILlULIVL | Ul \

PHYSICAL REVIEW D 90, 093006 (2014)

0.01 0.02 0.03

. 2
sim 913

AmS, [107eV7]



\ ‘MUU LIV VL ANNRYAR

W Wil Wil

rw

| |
Gonzalez—Garcia et al Gonzalez—Garcia et al Gonzalez-Garcia et al

Capozzi et al Capozzi et al Capozzi et al

Forero et al Forero et al | Forero et al




1O

| |
Gonzalez—Garcia et al Gonzalez—Garcia et al Gonzalez-Garcia et al

Capozzi et al Capozzi et al Capozzi et al

Forero et al Forero et al | Forero et al




|
Gonzalez—Garcia et al

Capozzi et al

Forero et al

‘ ‘h u &‘ ‘ I‘ ‘ U U J &\ MV l» Wil Wiillwewin

Inverted

solar=Tx107%eV?
atmospheric

~2% 10 eV .
atmospheric

~2x103eVv2
solar~7x 10 3eV?

0.30
L2
sin“64o

I
Gonzalez—Garcia et al

I
1
1
1
Capozziet al |
|

1

1

Forero et al |

Gonzalez-Garcia et al

Capozzi et al

Forero et al

0.4 0.5 0.6

Si n2923

002 003 004
sin®6;5




beta ¥ doub\e Deta decay

v
) - v.=v,
. : g
neutrinoless [} Decay

A.S. Barabash arXiv:1104.2714



http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1

eta & doublel

y \ V.=V,
. s g
neutrinoless [} Decay

A.S. Barabash arXiv:1104.2714

ela Jecay

-
S
==t
=
o
e
bl

KamLAND-Zen (*Xe)

IH

C oo vrven] R v ewn] 1 v
107 102 107
Myjpieq (€V)

VIR VTR B PR Wb |
50

100 150

.":\



http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1

eTa & double beta decay

KamLAND-Zen (*Xe)

IH

10 1072 107! 50 100 150

neutrinoless BB Decewe

Mo hest

V) A

A.S. Barabash arXiv:1104.2714

6000
5000
4000
3000 f

2000

1000

0
600

300

0

-300

-600
1500



http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1

Dela & dodle beta deca

neutrinoless B Decave-
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BLACK
BOX

Schechter, JIWFV 82
Lindner et al JHEP 1106 (2011) 091


http://dx.doi.org/10.1103/PhysRevD.25.2951

Even if mediated by
short-range mechanism ... Schechter, JWFV 82

}[ng}y mediators Lindner et al JHEP 1106 (2011) 091
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PHYSICAL REVIEW D 86, 055006 (2012)
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Standard model




However exciting ...

Higgs not the last brick!
Standard model

« Anomalies,

* unification,

e consistency of SSB,
* Gravity

e Flavor
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Higgs not the last brick !
Standard model

« Anomalies,
 unification,

e consistency of SSB,
» Gravity

* Flavor
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Despite its great success
SM does not explain neutrinos

.. nor cosmo. dark matter, inflation,

LG, dark energy
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Minkowski 77

Gellman Ramond Slansky 80
Glashow, Yanagida 79
Mohapatra Senjanovic 80

Lazarides Shafi Weterrich 81
Schechter-Valle, 80 & 82

Seesaw

TYPE Il
Schechter-Valle 80/82




TYPE | TYPE II

Minkowski 77

Gellman Ramond Slansky 80
Glashow, Yanagida 79
Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Schechter-Valle, 80 & 82

Seesaw

Schechter-Valle 80/82

MECHANISM
SCALE Number & properties of messengers
LOW-SCALE SEESAW
FLAVOR STRUCTURE Mohapatra-Valle 86

Akhmedov et al PRD53 (1996) 2752
Malinsky et al PRL95(2005)161801
Bazzocchi et al, PRD81 (2010) 051701
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Type-I| seesaw with sponit (L) viion

Phys.Rev. D25 (1982) 774

Astrophysical limit
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PHYSICAL REVIEW D 88, 016003 (2013)

Neutrino mixing with revamped A, flavor symmetry

D. V. Forero,"** S. Morisi.>' J.C. Romio,"* and J. W.F. Valle™*




[3vor Correlaton

Boucenna et al
PhysRevD.86.073008




Flavor comdiations

Boucenna et al
PhysRevD.86.073008

P Chen et al M Oodel-in de Pendenit
Phys.Lett. B753 (2016) 644-652 flavor a pproach

Phys.Rev. D94 (2016) no.3, 033002
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Can neutrinos shed g
OonN charged fermion masses?

Neutrinos : Lepton number?
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Can neutrinos shed fight
on charged fermion masses?

Flavor dependent
b-tau unification
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Morisi et al Phys.Rev. D84 (2011) 036003
King et al Phys. Lett. B 724 (2013) 68

Morisi et al Phys.Rev. D88 (2013) 036001

Bonilla et al Phys.Lett. B742 (2015) 99
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_Chen et al arXiv:1509.06683
JHEP01(2016)007

Addazi et al
Phys.Lett. B759 (2016) 471-478
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Warped standard mode

Masses explained by choices

of the bulk parameters


http://prd.aps.org/abstract/PRD/v88/i3/e036001
http://www.sciencedirect.com/science/article/pii/S0370269313004498
http://arxiv.org/abs/arXiv:1411.4883

. Chen et al arXiv:1509.06683

Warped Standard m0d9| JHEP01(2016)007

Predicted 3o r

Masses explained by choices

of the bulk parameters

http://arxiv.org/abs/arXiv:1610.05962

Warped flavor predicton
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Dairk Matter Stability from Giraoes

Fields

Lepton Quarticity vs Lepton number
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EMa, Hirschetal JHEP 1310 (2013) 149

WIMP dark Matter as radiative
neutrino mass messenger


http://arxiv.org/abs/arXiv:1509.06683

EMa, Hirschetal JHEP 1310 (2013) 149

W||\/|F_’ dark Matter as radiative Merle et al JHEP 1607 (2016) 013
neutrino mass messenger
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Phys.Lett. B762 (2016) 214-218

Mmatter Stalility from Diraeness

Lepton triality vs Lépton number

C. Bonilla et al. / Physics Letters B 762 (2016) 214-218

Table 1
Relevant particle content and quantum numbers of the model.

L e H »n N S
2 1 2 2 1 1
Ulyy, -1 3 0 0 -1 1
zoM 1 1 1 o o o
Z3 w? 1 1 w w?

SU2);




Phys.Lett. B762 (2016) 214-218

non SUSYscalar WIN

CQtQQQﬂ\C 03k mater Stalifity from Biasness

Lepton triality vs Lepton number

C. Bonilla et al. / Physics Letters B 762 (2016) 214-218

Table 1
Relevant particle content and quantum numbers of the model.

L ¢ H n N S
2 2 2 1 1
U(l)p : 0 -1 1
zoM o o« o
Z3 02 ' 1 w w

SU2);
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Physics Letters B 318 (1993) 360-366 PHYSICS LETTERS B
North-Holland

The keV majoron as a dark matter particle

V. Berezinsky !

INFN, Laboratori Nazionali del Gran Sasso, I-67010, Assergi (AQ), Ttaly
and Institute for Nuclear Research, Moscow, Russia

and

J.W.F. Valle ?

Instituto de Fisica Corpuscular - IFIC/CSIC, Dept. de Fisica Teorica, Universitat de Valéncia,
46100 Burjassot, Valéncia, Spain
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Physics Letters B 318 (1993) 360-366 PHYSICS LETTERS B
North-Holland

The keV majoron as a dark matter particle

V. Berezinsky !

INFN, Laboratori Nazionali del Gran Sasso, I-67010, Assergi (AQ), Ttaly
and Institute for Nuclear Research, Moscow, Russia

and

J.W.F. Valle ?

Instituto de Fisica Corpuscular - IFIC/CSIC, Dept. de Fisica Teorica, Universitat de Valéncia,
46100 Burjassot, Valéncia, Spain

Decaying Warm Dark Matter and Neutrino Masses

M. Lattanzi'™* and J. W. E. Valle*"
'Oxford Astrophysics, Denis Wilkinson Building, Keble Road, OX1 3RH, Oxford, United Kingdom

*Instituto de Fisica C orpuscular-C.S.1.C./Universitat de Valencia Campus de Paterna, Apt 22085, E-46071 Valencia, Spain
(Received 27 May 2007; published 20 September 2007)

Neutrino masses may arise from spontaneous breaking of ungauged lepton number. Because of
quantum gravity effects the associated Goldstone boson—the majoron—will pick up a mass. We
determine the lifetime and mass required by cosmic microwave background observations so that the
massive majoron provides the observed dark matter of the Universe. The majoron decaying dark matter
scenario fits nicely in models where neutrino masses arise via the seesaw mechanism, and may lead to

other possible cosmological implications. Lattanzi & Valle, PRL99 (2007) 121301



http://dx.doi.org/10.1016/j.physletb.2016.08.028

Consistency with CMB Q‘&\“\'&\&Q\ “\a\“\“\\s

Lattanzi & Valle, PRL99 (2007) 121301

my » .(m¥)*

32T 2v3

o
X
=
L |
5]
-
fax

50 100

Multipole |

fo"ﬂ

. INTEGRAL, COMPTEL, EGRET
BaZZOCChI & al JCAP 0808 (2008) 013 | Fermi line search
-3 INTEGRAL diffuse background
HEADO diffuse background
Esteves et al, PRD 82, 073008 (2010) HERO diffuse backg
- Prototy pe cryogenic spectrometer
Chandra Draco
Chandra LETG NGC3227

Lattanzi et al PRD88 (2013) 063528



TNR1010n dark malte & seesavigim 5%

T — 1—,_).{ rT g F)T)

’,,/ l \

Y

NEUTRINO MASSES DARK MATTER

InflaTON

log(Length scale) Horizon
-~ ™ T

: ' : P e
: | : .
l I " S g
[ I ; CMEB
[ I 4
I I =
[ I .
i : / -
[ .
[ I L :
i | = UCMH
1 | :
[ ;
[ I :
[ 1 ;

—l""". r C
[ I
[ I

I

[ | i
1 1 C >
' <Infation-> Recombination log(Time)

http://arxiv.org/pdf/1502.00612v1


http://inspirehep.net/record/1290535

\

T0V3|0ron dark matter & seesawiaion =7

o= 2=({o) + p+iJ)

/l\

NEUTRINO MASSES DARK MATTER

InflaTON

Quartic Higgs Inflation
log({Length scale) Horizon
A .
! [ . SRS RN
o | i : i Y e
— | | ¥ =
— 4
1 | Z CMB
9 q - /
1 I .
h 1 I -
o] I I : -
— 4 -
. "
S : : ; —
7)) [ I !
1 I :
O | | :
e | | ]
L -F"'. - | C
I I
@) I |
7)) i
- [ I
b ! L >
- 3+Inﬂ ation -I-': Recombination log(Time)

0.94 0.95 0.96 0.97 0.98

Spectral index http://arxiv.org/pdf/1502.00612v1



http://inspirehep.net/record/1290535

\

001N Gark matter & seesawiai =55

o= 2=({o) + p+iJ)

/l\

type-l seesaw Leptogenesis
DARK MATTER Aristizabal et al JCAP 1407 (2014) 052

NEUTRINO MASSES

InflaTON

Quartic Higgs Inflation
log({Length scale) Horizon
A .
! [ . SRS RN
o | i : i Y e
— | | ¥ =
— 4
1 | Z CMB
9 q - /
1 I .
h 1 I -
o] I I : -
— 4 -
. "
S : : ; —
7)) [ I !
1 I :
O | | :
e | | ]
L -F"'. - | C
I I
@) I |
7)) i
- [ I
b ! L >
- 3+Inﬂ ation -I-': Recombination log(Time)

0.94 0.95 0.96 0.97 0.98

Spectral index http://arxiv.org/pdf/1502.00612v1




MR METTER EROIE

* Accidental ? Lavoura, Morisi, JV JHEP 1302(2013) 118
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* Accidental ? Lavoura, Morisi, JV JHEP 1302(2013) 118

* unbroken subgroup

Boucenna, et al JHEP 1105 (2011) 037
Hirsch, et al Phys.Rev. D82 (2010) 116003
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De Romeri, Hirsch, JHEP 1212 (2012) 106

: | Arina et al PRL101 (2008) 161802
SUS W\mp darK matter Bazzocchi, Cerdeno, Munoz, J.V., PRD81 (2010) 051701

susy low-scale seesaw ...



- T I— Arina et al PRL101 (2008) 161802
SUS W\mp darK matter Bazzocchi, Cerdeno, Munoz, J.V., PRD81 (2010) 051701

De Romeri, Hirsch, JHEP 1212 (2012) 106

Susy inverse seesaw ...

Resrepo et al PRD85 (2012) 023523 decaqu G a\lmno Oa Kma

doubly suppressed decays

50 ln’l 5.00 10.00

" ma(GeV) chosen to fit neutrino osc. data




a most ubiquitous particle in the Universe

neutrinos may explain WDM or CDM
through an emergent theory ...

Today
Life on earth'\
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Matter domination
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Nucleosynthesis
Light elements created - D, He, Li

Nuclear fusion begins

Quark-hadron transition
Protons and neutrons formed

Electroweak transition

Electromagnetic and weak nuclear |
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Supersymmetry breaking

Axions etc.?

Grand unification transition
Electroweak and strong nuclear
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Inflation

Quantum gravity wall
Spacetime description breaks down
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BANG
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a most ubiquitous particle in the Universe

neutrinos may explain WDM or CDM
through an emergent theory ...

inflation

new features

* SSB consistency, new higgses, new decay modes

* unification without GUT embedding

* new gauge boson & fermion messengers @ LHC
* non-unitarity => new CPV in neutrino oscillations
 LFV mainly at HE colliders

 LFV/CPV unsupressed by neutrino mass

* LNV either short or long-range
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Neutrinos in
High Energy and
Astroparticle Physics

Jose Wagner Furtado Valle,
Jorge Romao

José W.F. Valle and lJorge C. Romao

ISBN: 978-3-527-41197-9 Neutrinos
448 pages in Hi
February 2015 N High Energy ang

Astroparticle Physics

A self-contained modern
advanced textbook on

the role of neutrinos in
astrophysics and cosmology,
and high energy physics

Written by two renowned and well-established authors in the field.

Bridges the gap between neutrino theory and supersymmetric model building, so far
missing in the current literature.

Includes a thorough discussion of varieties of seesaw mechanism, with or without
supersymmetry.

Each chapter includes chapter summaries and further reading lists.

Fuil problem sets throughout and appendices with useful tables and equations.

$ 124.00 | £ 73.50 | € 99.90 f e T

Please note that all prices are correct at time of going
to press but are subject to change without notice
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non-unitary propagation hints associated
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http://arxiv.org/pdf/1405.4706.pdf
http://arxiv.org/pdf/1502.00612v1

GHT (18; ;1% czar)

Neutrin ¢f

 Discover neutrino mMeSsSSsengers N

» Re-measure neutrino mixing angles_. -



Joshipura & J.V.
Nucl.Phys. B397 (1993) 105-122

T L
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Higgs searches 2016 Bonilla Fonseca & J.V.
Phys.Lett. B756 (2016) 345-349 ...



PHYSICAL REVIEW D 91, 113015 (2015)
Neutrino mass and invisible Higgs decays at the LHC

Jorge C. Romdo,”" and José W.F. Valle"*

Cesar Bonilla
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Addazi et al arXiv:1604.02117

331 Trom strings

10.1016/j.physletb.2016.06.015

DIlaC seesaw
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Physics Letters B 755 (2016) 363-366

No conventional GUT embedding :

http://arxiv.org/abs/arXiv:1608.05334

string completion Quiver setup

L and B conserved : no proton decay, no RPV ...

neutron-antineutron oscillations from exoticinstantons
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a near miss ...
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What makes the gauge couplings unify? SUSY-GUT
But ... p decay, super-particles ...

The physics responsible for gauge coupling
unification may also induce neutrino masses

Boucenna et al Phys. Rev. D 91, 031702 (2015)
Deppisch et al Phys.Lett. B762 (2016) 432
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