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CRUCIAL: jEntender vacio de la teoria!
Puzzle del sabor

de se pe
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Origen Materia:

ergy
" Bariogenesis/Leptogénesis

Problema de la jerarquia:
Fisica del Higgs

Energia del vacio
>Constante cosmologica o energia oscura?

A Origen estructuras: Inflacion

5Materia oscura?
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Estrategias: jmaximizar sinergias!

e — masa Vs

tepfoBaro
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Estrategias: jmaximizar sinergias!

P v's materia oscura caliente

Heavy vs Materia
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Cosmologia: Energia & Materia oscura e Inflacion

Energia oscura: expansion acelerada del universo (SNIa, CMB, LSS).

5 Desviaciones de Relatividad General?
3Si es una constante cosmologica, como se explica el enorme “fine-tuning”?

Cualquiera de ellas requiere NUEVA Fisica

Materia oscura: (Curvas rotacion galaxias, LSS, Galaxy Clusters, CMB).
LWIMPS, SUSY, axiones, neutrinos, sterile neutrinos, dimensiones extra (LKPs, ....?)
Cualquiera de ellas también requiere NUEVA FISICA

5

Inflacion: (Universo plano, Generacion de perturbaciones primordiales). ﬂ
Slow-roll: nuevo campo escalar.

P

"Axion-monodromy”, “multi-field”, “non standard gravity”, "non-canonical kinetic terms”
NUEVA FISICA?
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La masa del neutrino, ni una millonésima de electron
[ ] [ ] ' [ ]
Sl n erg 'a cos m0log ' a_ n eutr‘ n os: El CSIC mide las particulas, que suponen menos del 0,6% de la masa-energia del cosmos

EL PAiS
5 ' z ' / z t! Madrid - 12 ENE 2012 - 07:05 EST
’ 20 /
[ )

Pioneros en el campo en el calculo de cotas ,_
a neutrinos, axiones y otras particulas de TEEEEESSES=E. -0

SDSS-IIl. /DAVID KIRBY

La masa de los neutrinos no excede de
0,26 electronvoltios, dos millones de
veces inferior a la masa del electron,
seglin un grupo de investigadores del

Consejo Superior de Investigaciones

Cientificas (CSIC). El equipo sostiene
que la suma de las masas de los tres

no representa mas del 6 por mil del

materia oscura caliente (-I-lOOO Ci'l'dS) el messenaadeicommes

seglin informd el organismo espariol.

El andlisis se basa en datos obtenidos de una seleccion de 900.000 galaxias
luminosas, utilizadas para estudiar la distribucién espacial de galaxias, y los
resultados se presentan en la reunién anual de la Sociedad Astronémica
Americana, que se celebra hasta el 12 de enero en Austin (Texas).
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Sinergia cosmologia-neutrinos:

$Sidodcibm 4l /
&WMWMMMM

Pioneros en el campo en el calculo de cotas
a neutrinos, axiones y otras particulas de

materia oscura caliente (+1000 citas)

Halofit Non Linear Matter Power, PF
5| — Non Linear Matter Power, PN
107 ¢ (PNL_PHF)/PHF

DR9 data

DR12 data

AP/P

k[h/Mpc]
basepolBAO = PlanckTT+lowP+highP+BAOFULL| < 0.153 eV |81%
basepolBAO+70p055 < 0.118 eV |91% Vagnozzi et al’l/

basepolBAO+H073p02 < 0.113 eV [92%
basepolBAO+ HO073p02+710p055 < 0.094 eV |96%
basepolBAO+ HO073p02+710p055+57 < 0.093 eV |96%

2 \ 1

e ‘
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Inverted hierarchy
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Miembros de BOSS (SDSS III) & SKA

0.10
0.05

2.m, (eV)

3.3-3.70 Minimum neutrino mass.
2.6-3.00 Neutrino mass ordering extraction

1
0.50

Forecast DESI+ DES YImy fducial = 0.056 eV

1() 5 1074 0.001 0.010 0.100
Miiohi(€V
WM 2/’ 4 (SKA ) hght( )
— merater T _NDMle as abundante del IGM
- 7 HERA 331 mpm = € 1 . . .’
s CETSKA e mu=9Mev | 5 de reionizacion!
ST EI -—mDM:130MeV5
? F=0 i mpy = 1.1 GeV ]
102:_ /\_ - - mpym = 10 GeV ;
A=2lcm g ] /_\ \ Lopez et al, JCAP’16
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i i 1 : ® Dark ® CDM
Sinergia cosmologia-neutrinos: ark energy

Baryons ® Neutrinos

Neutrinos masivos: una nueva perspectiva en el puzzle del sabor

neutrinos dre s pe P4 ?
S « o o (MAYOR EVIDENCIA NUEVA FISICA\
sttt s s s EN FISICA DE PARTICULAS!
FERMI-era via a Weinberg operator: B) :,54‘?
Higgs Higgs M ¢
Cosmology Hierarchy problem
@n—n—n_n_.n_n_p ° ° e A
meV eV keV MeV GeV TeV >

“ Hemos encontrado cotas muy fuertes de cosmologia a modelos

de see-saw con A ¢ 100 MeV P Hernandez et al, PRD89’14, PRD90’14
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® Darkenergy @® CDM

Sinergia cosmologia-neutrinos: Baryons @ Neulrinos
Neutrinos masivos: una nueva perspectiva en el puzzle del sabor
(7
neutrinos dre s pe o
- v « » MAYOR EVIDENCIA NUEVA FISICA \
gt s St EN FISICA DE PARTICULAS!
FERMI-era via a Weinberg operator: B
Higgs Higgs ; ( ?
\ / Leptogenesis
\ , Cosmology

POSIBILIDAD DE EXPLORAR BARIOGENEST: ~
Se puede generar la asimetria barionica en modelos see-saw con

\_ 0.1 GeV<A < 100 GeV

P. Hernandez et al, JHEP’15, JHEP’16_
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. . ’ . ® Darkenergy @ CDM
Sinergia cosmologia-neutrinos: Baryons @ Neutrinos

POSIBILIDAD DE EXPLORAR BARIOGENESIS

P. Hernandez et al, JHEP’15, JHEP’16

En modelos de see-saw minimos a la escala del GeV, medidas futuras en \
SHiP, de CP en Dune/HyperK y en decaimiento beta sin neutrinos pueden
proveer informacion suficiente para reconstruir la asimetria materia-

antimateria observada en nuestro universo: {The GeV Miracle!

-6 BB Excluded 0.1 - Obs. iy — 8.6 x 1011 1
B logAM prior I
loiMprior | : o
: — Hip IH active v’s |
-Of LBNE
—~ — FCC
N_% # Test Point || S
- L
Co -10+ = 001 -
— Q. [
2 £
“12¢
([ AU = 1% ,AM =0.1%
_10 —05 00 05 10 15 20 0.001 [ 21T = AN =017 ,A0 = 17 rad

YB(IO‘“)

. Extension a modelos no-minimos
Future, (gud Loremos)

Sinergia cosmologia-neutrinos-materia oscura?
Estudio detallado fenomenologia modelos see-saw@GeV
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Q Drk energy @ CDI\/Il
Sinergia cosmologia-neutrinos: Baryons @ Neutrinos

CONEXION MATERIA OSCURA-SEESAW

3Hay una relacion entre la materia oscura tipo WIMP vy
los neutrinos esteriles del modelo see-saw@GeV-TeV?

jAbundancia materia oscura determinada por la interaccion con los neutrinos estériles!

a) Materia oscura con nimero leptonico b) Simetria en el sector oscuro

Ul)s-r  Dark Ngr Dark

M. Escudero et al, JHEP’16 (a), JHEP’16 (b)

Future, CM Loremeos)

Estudio detallado fenomenologico de esta sinergia:
Espectro de fotones: cotas de deteccion indirecta
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[ 4
Sinergia astro-neutrinos: S ANTARES,
. P Vincent et al, PRD’16 — 1o KM3NeT,
Neutrinos de alta energia - ARCA/ORCA
Composicion en sabor "
(dependencia angular y en energia) f
3sNUEVA FISICA? S

Neutrinos esteriles

4 0.9 A N0 ,
BUSQUEDAS DE NUEVA FISICA: ¢ Icecube coll. PRL’16
’ . ’ Qe o NATURE | NEWS
Interacciones no-estandar (neutrinos atmosfericos) oy telescope throws cold water on sterile neutrino
___Salvado et al, JHEP'17 theory
1—|— €ce G:N 6:7_ 0.181 ::: ;ftgjas;g;erszzis ] IceCube observatory reports null result in search for particle.
Hmat = \/§GF']’L6 €€,U, elulu 6;7’ 0.12 I 1-year data ] Davide Castelvecchi

€or €Eur Err : N 08 August 2016
0.06 +
e = €rq Enp W 0.00
—0.06

—0.12

0012 _—0.006 0000 0.006 0012
Epur

Neutrinos solares

Modelo estandar solar “revisited”: NS
écompafibi lidad Heliosismologia vs. Me'l-alicidad?]HEP’l 6, MNRAS/16 2;:;22&::15::::;::5% its 2,500-metre journey down a borehole to become part of the IceCube neutrino
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Sinergia astro-materia oscura-rayos cosmicos:

Rayos cosmicos intimamente relacionados con BUSQUEDAS DE NUEVA FisiCA:
Materia oscura podria ser una fuente de rayos cosmicos.

Constituyen un ruido de fondo para basquedas indirectas de materia oscura:
Fermi-LAT y AMS (!)

#“GalpBayes: estudiar modelos de rayos césmicos empleando sofisticadas técnicas ™,
estadisticas, alcanzando la resolucion mejor hasta la fecha. '

: o

BUSQUEDAS DE NUEVA FISICA:
Sinergia astro-neutrinos: neutrino decay, Lorentz violation, materia oscura@PINGU/ORCA.

materia oscura-rayos cosmicos: materia oscura centro galactico@Fermi-LAT.
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Sinergia astro-colisionadores de particulas (LHC)

BUSQUEDAS DE NUEVA FisIcA:

Ajustes globales: Combinan datos en colisionadores y experimentos de deteccion
directa que permiten inferir estadisticamente senales de NUEVA FiSICA.

Pioneros en el desarrollo de herramientas de rastreo y aplicaciones para modelos de SUSY,
dimensiones extra y EFT.

Ello ha dado lugar a una colaboracion exitosa y fructifera con el grupo de SUSY en ATLAS.
Futme, (:74»&' Lonemen?

Proyecto GAMBIT: Formado por mas de 30 fisicos experimentales (ATLAS, deteccion de materia
oscura) vy fisicos teoricos para desarrollar herramientas robustas que perml’ran hacer ajustes

globales a modelos de NUEVA FisIcA.

Blasquedas de monopolos magnéticos vy “long-living-particles”
con el experimento MoEDAL.

MoEDAL
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QCD en el reticulo

Desintegraciones débiles de kaones en las cuales se viola el sabor v

han jugado un papel clave en la construccion del SM.

3Quizas puedan indicar necesidad de posibles extensiones al SM?:
(€°'1€)m< (8.6 £3.2)x10*

Violacion de CP en las desintegraciones no leptonicas de kaones

(€'1€ )ep= (16.6 £2.3)x10

n

Buras, Gerard, EPJC77 (20 7)Q"\’5XC'P .
La \\reglau AI :1/2 Re AO / Re A2 =224 6\60 \)@\‘P\
\g :
Gell-Mann, Pais, PR 97 (1955) 6@6 ‘l:$
’ (\ 0 G.GQ
o e

Los analisis fenomenologicos hasta ahora han usado la 1.80
1.60
1.40
1.20
1.00
Hemos llevado a cabo el primer estudio de la dependencia 0.80 | pn

-

en N: de estos observables en el reticulo. 060 | ==

0.40 I 1 I 1 I I I
000 005 010 015 020 025 030 035 040

1/N,

aproximacion de gran Nc. Incluso con esta simplificacion
una prediccion de primeros principios requiere
la regularizacion en el reticulo.

A*




Nordic Winter School PPC 2013
Trieste School on Particle Physics & Cosmology 2013
TASI Lectures 2013

Tesis de Master en 2012/2016

Hellenic Summer School Corfu 2013 Tesis de doctorado en 2012/2016,

Scottish Universities St. Andrews 2014 previstas 3 en 2017/2018,
CERN Latinoamerican School of HEP 2015 en 2019/2020.

CERN Summer Student Lectures 2016

—m
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Ific seminar

Curso 16VA77IN017 - Actualizacion cientifica y diddctica de la fisica de particulas en
Educacién Secundaria

Ofertado por CEFIRE de Valencia

Datos generales Plazos De Inscripcion

Area General ambito cientifico Inicio inscripcién 1 de febrero de 2016
Fecha de inicio 6 de abril de 2016 Fin inscripcion 20 de marzo de 2016
Fecha de fin 27 de abril de 2016 Fin confirmacion 22 de marzo de 2016
Duracién 21 horas

Plazas 35 (mas de 70 inscripciones Calendario / Horario ’

realizadas) \-\;

Realizadoen Cefire 06/04/2016 - 17:30 a 20:30
Valencia (Valencia)

N& g
Coordinacién M Jose Rodes Sala 11/04/2016 - 17:30 a 20:30 m -~ ——
13/04/2016 - 17:30 a 20:30 R P , § B
Conferencia Dia - |

| 20/04/2016 - 17:30 a 20:30
Paula Tuzén Marco

. 25/04/2016 - 17:30 a 20:30 t 1
Berta Rubio Barroso Iﬂ'l'ernGClondl de ld MUJeT' .Blog JFIC

UTREACH

Jose Enrique Garcia Navarro 27/04/2016 - 17:30 a 20:30

Sergio Pastor Carpi
Olga Mena Requejo
Carmen Garcia Garcia
Alberto Aparici Benages
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neutrinos, dark mattergk dark energy physics
’

News & Events

Uvingston, Louisiana (L1) First direct observation of Gravitational Waves from a Binary Black Hole

Merger
NATURE | NEWS

Icy telescope throws cold water on sterile neutrino
theory

IceCube observatory reports null result in search for particle.

Davide Castelvecchi

08 August 2016

Outreach » Articles & Interviews » Non-thermal cosmic neutrino background

Non-thermal cosmic neutrino background

The Cosmic Neutrino Background (CNB) is a solid prediction of

the Standard Models of Particle Physics and Cosmology. In the Links

early universe, neutrinos were formed as part of the thermal

bath, a hot plasma filling the universe (thermal production). As 9

the universe expanded and cooled down to MeV temperatu http 09.00481

the neutrinos decoupled from the thermal bath, traveling

through space ever since. Neutrinos are very weakly inter:

particles, which makes the detection of this neutrino bac
very challenging and so far experimentally inacc e. However, on the other hand,
this same property implies that once we succeed in measuring the cosmic neutrino
background, we can not only learn something about the properties of neutrinos but
also the CNB is a window to the very early universe, back to the times of the
formation of light elements in Big Bang Nucleosynthesis (BBN), when the neutrinos
decoupled from the thermal bath at about two minutes after the “Big Bang”. For
comparison, the cousin of the CNB, the better-known Cosmic Microwave Background
(CMB), consisting of background photons instead of neutrinos, had lead to major
breakthroughs in modern cosmology. This window however only leads back to
temperature around 1 eV, nearly 400,000 years later than the CNB window. This
paper discusses how physics beyond the standard model, in particular non-thermally
generated right-handed neutrinos, can modify the CNB predictions.

VIEW MORE

Jim Haugen, IceCube/NSF

An optical sensor begins its 2,500-metre journey down a borehole to become part of the IceCube neutrino

detector in Antarctica.
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Neutrino masses: Weyl, Dirac, Majorana

In general, a massless fermion is described by a two-component Weyl spinor field. It ha
certain chirality, left or right. The chirality operators are:

1 — 1
PL: ﬁY57 PR: _;757

2
For massless fermions, chirality and helicity, which is the projection of the
spin of the particle on its momentum, are equivalent:

1
Pj:——<1__o-—p>
2 p|

Weak interactions only produce left-handed chirality states:

Ju=77v. (1—7)e=20ry,er

A Dirac neutrino (or fermion) needs independent left and right chiral projections: four
independent components

SRR ECN

} }

four two
components components

Weak interactions involve only TWO of the FOUR components of the Dirac neutrino.



Neutrino masses: Weyl, Dirac, Majorana

There are two possible mass terms for fermions: Dirac or Majorana. C is the particle-antiparticle operator
(left-handed neutrino->right handed antineutrino), which should not be confused with the charged
conjugation operator which will take the left-handed neutrino into a left- handed antineutrino which
DOES NOT existl.

A — - 2. %
Cry—yP' =0y,  C=inyp e e 7
XL 0% X
There are basically fwo options: right handed component of the neutrino field is

totally independent of the left-handed one: Dirac mass term couples totally independent
left handed and right handed fields!

LP = —mpov= —mp (VL +7R) (v, + vR)
oR 0 oR D p (VL + 7R
¢(¢L>(¢L)+(0)¢L+¢R = —mp (VL VR + VR VL)

Or, it can be that the right handed component is the C-conjugate of the left handed part:
Majorana fermion ¢ =yp

To construct a massive Dirac field, one needs two independent Weyl components
together with their C conjugates: four degrees of freedom

Y =1 + YR

To construct a Majorana mass term one needs only two degrees of freedom, since the
right-handed field is the C-conjugate of the left-handed one

YR = (Yr)° = (V)R V= +nW)r =YL + (L)



Dirac mass term Majorana mass term

LP = _—mpov=—mp (UL +78) (v +vR 1 _
(_ )i | L = —om (vpvr +rvi)
= —mp (VL Vr + VR VL)

Notice that the Dirac mass term is invariant under the U(1) transformations:
(Xe" 7, 1, —1l
=Ty, o —e ™,
so it conserves the corresponding charges (electric charge, lepton or baryon number,...)
Majorana mass term break all the charges by two units, lepton number is BROKEN

Only neutral particles can be Majorana particles (electric charge must be conserved!).
If neutrinos are Majorana particles, the total lepton number is NOT conserved.

Why neutrinos are massless within the SM? :
1) We can not construct a Dirac mass term,
since there is NOT right handed neutrino in the SMI
2) We can not construct a Majorana mass term, v/ Cv;
the left handed neutrino has weak isospin projection 1/2,
the Majorana mass will be a component of the isotriplet operator
since there is NOT a Higgs triplet in the SMI
3) We can not add a Majorana mass term HHLL,
since this operator has d=5 and the SM is renormalizable!
4) We can not add the effective operator HHLL/M at some higher loop level,
since the total lepton number is conserved in the SM!|



Adding a right-handed neutrino singlet under SU(2) x U(1): the complete model

2 mp MR I/IC%

1
— §N{ C' M N + h.c.

Np=(,%), M = (mb mp )

vy, to vp vy, to vp

T p ' e v; to vp AND vp to vy, are the Dirac masses.

0 mp . . .
e v to vp forbidden by weak isospin.
mp M

e RN e v to vy, allowed and coefficient is unprotected.

Vr to vy, Vr to vy,

If we diagonalize the mass matrix, and we assume that M >>>>> v (WHY?)

Yanagida, Gell-man-

Two Majorana neutrinos Seesaw: @
with masses m?% /M and M Ramond-Slansky

/\



v \ «Is=1/2 Can we construct a Higgs triplet

L — ’ LM ~ I/}J1 vy, .
{; fa made out of two Higgs doublets?
doublet triplet ~ The SM could be regarded as

an effective low energy theory...

% (LT L) (¢" ) SBYZI:;Y> MLVLVL  effects caused by the New Physics
non-renormalizable below the New Physics energy scale
M are represented by a tower of
operators of dimension > 4 and

suppressed by powers of 1/M

Effective Lagrangian!

Symmetry\ T Symmetry 2 2 2
(VR > m my, Oor m
¢ Breaking ' J (¢ ¢) Breaking / P ( ¢ q)

mrp ~ —= See-Saw Type

Mp ~ 10 GeV

Even in the SM it is natural to expect small Majorana v

masses given by the see-saw type relation

mp
my ~~

Mp




In SM fermion masses are generated through Yukawa

couplings:
LY:ZQQ,BL_(X¢RB (aaﬁzehuaT)
a,

The coefficients y, g are parameters of the model

U
Their explanation must come from new physics BSM

4

All fermion masses give info on new physics BSM

Smallness of v masses is additional mystery

More info on new physics BSM
Known natural explanations of smallness of v masses:

* See-Saw Mechanism

* Effective Lagrangian

1 .
Majorana v masses!

Both imply < m%

Mlight ~ =,
\ M




Dolcil: Leptogenesis

The SM of elementary particles can not explain the observed matter-antimatter
asymmetry of the universe:
yebs = BB _ (8740.3) x 1071

S

The simplest explanation is baryogenesis: this asymmetry was produced at some point
in the expansion history of the universe due to particle processes which violate B

There are three conditions which have to be met in order that a dynamical generation
of baryogenesis becomes possible (Sakharov conditions):

1. Baryon number violating processes

2.C and CP Violation

3.Departure from thermal equilibrium

In principle, the SM could satisfy all these three conditions...but in reality, only
the first one is fulfilled in a satisfactory way: the CP (CKM) violation is oo smalll

New physics beyond the Standard Model is required...we need:

1. New physics could violate L but not B

2. There must be new sources of CP Violation

3. New out-of -equilibrium situations (out-of-equilibrium decays heavy new particles)



Dolcil: Leptogenesis
Is an scenario in which new physics generates a lepton asymmetry in the universe which
is partially converted into a baryon asymmetry via sphaleron interactions.

If neutrinos are Majorana particles...the decays of the heavy Majorana neutrinos
in the early universe provide the ideal leptogenesis scenario

The heavy Majorana neutrinos can decay into Lgb as well as into L¢T :
if the heavy Majorana fields have L=0, the first mode has L=+1 while the second
has L=-1: Lepton number is violated in these decays!

The quantum interference between the tree level diagram and the one loop diagram:

If there is more than one heavy Majorana field, there is a relative phase and CP
can be violated in these decays. To get sufficient baryon asymmetry,~107(-8)

F(Noz — £¢) — F(No: — quT)
I'(N, — £p) +T'(N, — £ot)

EN, —



Dolcil: Leptogenesis

Finally, the decay is out-of-equilibrium if the decay rate is slower than the expansion
rate of the universe when the temperature of the universe is of the order of the
mass of the right handed decaying neutrino
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Notice that the CP violating phase in the PMNS matrix is a combination of the CP
violating phases relevant for leptogenesis |

However, the experimental discovery of leptonic CP violation plus the Majorana neutrino
character would point to baryogenesis via leptogenesis (if accidental cancellations

are not present...)



