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Bienvenida
Welcome

Este documento contiene la memoria
cientifica del Instituto de Fisica Tedrica (IFT)
correspondiente al afio 2015. El IFT es el
unico centro espariol dedicado integramente
a la investigacion en Fisica Tedrica, y esta
enfocado a explorar las fronteras de nuestro
conocimiento fundamental de la naturaleza.
Para ello, trabajamos en la vanguardia de la
Fisica de Particulas Elementales, la Fisica
de Astroparticulas y la Cosmologia.

Desde su creacion oficial en 2003 como
centro mixto perteneciente al Consejo
Superior de Investigaciones Cientificas
(CSIC) y a la Universidad Autonoma de
Madrid (UAM), la trayectoria de excelencia
del IFT es marcadamente ascendente.
Forma parte de la linea estratégica "Fisica
Tedrica y Matematicas’ del Campus de
Excelencia Internacional (CEl) UAM+CSIC
establecido en 2009. Las instalaciones del
IFT se trasladaron en 2011 al nuevo edificio
del Centro de Fisica Tedrica y Matematicas,
permitiendo una mayor cohesion vy
crecimiento del grupo, y propiciando
la organizacion de nuevos programas
de actividades. Desde 2012 estamos
acreditados como Centro de Excelencia
Severo Ochoa, en reconocimiento del nivel
de excelencia cientifica mantenido por el
IFT, competitivo a nivel internacional. Con
este proyecto se han establecido varios
programas de visitantes de excelencia, y se ha
intensificado la organizacion de congresos,
escuelas, y seminarios. Los resultados de la
evaluacion externa de la memoria cientifica
de 2 anos del proyecto Severo Ochoa,
realizada en este afo 2015, avalan el eficaz
aprovechamiento de las oportunidades
brindadas por esta financiacion y por el
prestigio que otorga. Finalmente, nuestros
investigadores lideran numerosos proyectos
cientificos tanto en el ambito nacional como
internacional, especialmente en los ultimos
afos con el proyecto Consolider Multidark,
las dos ERC Advanced Grants SPLE vy
SELFCOMPLETION, y la red ITN Invisibles.
Asimismo, diversos miembros del IFT
pertenecen a los mas prestigiosos comités y
paneles internacionales.

Esta linea ascendente en investigacion se
acompafa de una importante actividad de
formacion de jovenes investigadores, a
través del Programa de Posgrado en Fisica
Tedrica. Este se desarrolla en colaboracién
con el Departamento de Fisica Tedrica de

This document contains the scientific report
of the Institute for Theoretical Physics (IFT)
for 2015 The IFT is the only Spanish centre
devoted entirely to research in Theoretical
Physics. Our ultimate goal is to understand
the key elements of Nature and the Universe
and we work on the frontier of Elementary
Particle Physics, Astroparticle Physics and
Cosmology.

Since its official start in 2003 as a joint center
of the Spanish Research Council (CSIC) and
the Autonomous University of Madrid (UAM),
the IFT trajectory stands out as one of ever
increasing excellence. The IFT participates
in the strategic line “Theoretical Physics and
Mathematics” of the UAM+CSIC Campus of
International Excellence (CEI) established in
2009. In 2011 the IFT moved its premises to
the new buldingd of the Center for Theoretical
Physics and Mathematics (CFTMAT),
allowing to build stronger internal bounds
amongits researchers and scientificlines, and
bolstering the organization of new programs
and activities. Since 2012 we are accredited
as Center of Excellence Severo Ochoa, a
clear recognition of the level of scientific
excellence achieved and maintained by the
IFT, as a competitive center at international
level. This grant has provided an optimal
framework to initiate new activities, like
the Excellence Visitors programs, and to
strengthen the organization of workshops,
schools and seminars. The results of
the mid-term report external evaluation,
submitted this year, confirm the IFT is fully
exploiting the opportunities offered by the
Severo Ochoa funding, and the reputation
of this recognition. Finally, our researchers
lead many scientific initiatives, both at the
national and the international level, specially
in recent years with the Multidark Consolider
project, the two ERC Advanced Grants SPLE
and SELFCOMPLETION, and the ITN EU
network Invisibles. Also, several members
of the IFT belong to the most prestigious
international panels and committees.

The trajectory of increasing excellence
in research has been accompanied by
an intense activity in training of young
researchers, through the participation in
the Posgraduate Program in Theoretical
Physics. This is carried out in collaboration
with the Department of Theoretical Physics



la UAM, y que cuenta con la Mencién de
Excelencia del Ministerio de Educacion asi
como con la del CEl. EI IFT se ha convertido
enunpolode atraccion de talento joven, como
acreditan las numerosas tesis de master y
tesis doctorales realizadas. Finalmente, el
IFT ha continuado su intensa transferencia
de conocimiento a la sociedad a través de
la divulgacion cientifica, que este afo se ha
visto enriquecida con la organizacion de la
Jornada Conmemorativa de los 100 afos de
la Relatividad General, y con el lanzamiento
de una serie de videos de animacion, que
han exponenciado la visibilidad de nuestro
instituto como acreditan las cifras sin
precedentes de visualizaciones en nuestro
canal Youtube.

En 2015 se ha estrenado asimismo la nueva
pagina web del IFT, que recoge todos sus
logros y novedades.

El2015 ha sido un afio de grandes resultados
y gran actividad cientifica en el IFT, como
detallaremos en esta memoria. Esta
actividad se ha desarrollado en ocasiones
en circunstancias complicadas desde el
punto de vista administrativo, institucional
e incluso mediatico. Me gustaria terminar
reconociendo la gran labor y leal dedicacion
de todo nuestro personal investigador, asi
como el de administracion, computacion
y comunicacion, que ha posibilitado esta
trayectoria de éxito. Asimismo, es un placer
agradecer su enorme dedicacion y su
honesta y eficaz gestion a Carlos Mufioz y
Marga Garcia Pérez, Directory Vicedirectora
del IFT, respectivamente, hasta septiembre
de 2015, y que por tanto llevaron a cabo la
mayor parte de las actividades detalladas en
esta memoria.

in UAM, and has been awarded the"Mencion
de Calidad™ by the UAM+CSIC Campus of
International Excellence and the Ministry
of Education. The IFT has become an
attractor of young talent, as confirmed by the
numerous Master and PhD thesis carried out
in our center. Finally, the IFT has continued
its vigorous transfer of knowledge to society
through very diverse outreach activities,
which this year has been reinforced with
the organization of the 100th Anniversary of
General Relativity Colloquia, and the launch
of a series of outreach animation videos,
which are exponentiating the visibility of IFT
as shown by the unprecedented statistics of
our Youtube channel.

2015 has also witnessed the start of the
new IFT webpage, which gathers all these
achievements and activities.

2015 has been a year of many great
scientific results and activities for the
IFT, as will be detailed in this report. This
activity has been developed in sometimes
complicated circumstances, either from the
administrative, the instituional or even the
mediatic viewpoints. | would like to conclude
with my warm acknowledgement of the great
work and loyal dedication of our researchers,
as well as our management, computing and
communication staff, all of whom have made
this successful year possible. It is also a
pleasure and a honour to thank Carlos Mufioz
and Marga Garcia Pérez, Director and
Deputy Director of the IFT until september
2015, for their enormous dedication and
honest and effective management, and for
their support for the major part of the activity
reported here.

Angel M. Uranga Urteaga
Director / Director

Cantoblanco, Enero 2016 /
Cantoblanco, January 2016
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Objetivos

El Instituto de Fisica Tedrica (IFT/UAM-CSIC) es un
centro mixto perteneciente al Consejo Superior de
Investigaciones Cientificas (CSIC) y a la Universidad
Autonoma de Madrid (UAM). La misidon del IFT es
crear las condiciones y las sinergias necesarias para
el desarrollo de la investigacion de excelencia en la
frontera de la fisica tedrica, incluyendo la fisica de
particulas elementales, la fisica de astroparticulas,
la cosmologia, la gravitacién cuéntica, la teoria de
cuerdas y la teoria cuantica de campos. El objetivo
ultimo del IFT es contribuir por tanto a la comprensién
de las leyes fundamentales de la naturaleza en el micro
y el macrocosmos. Ademas de la actividad puramente
cientifica, en el IFT se realiza una intensa tarea de
formacion de jovenes investigadores y profesionales
a través de programas de postgrado, asi como una
labor de transferencia de conocimiento a la sociedad a
través de programas de divulgacion.

anmual meport 2019

Mission Statement

The Institute of Theoretical Physcs (IFT/UAM-CSIC) is
a Joint centre between the Spanish research council
CSIC and the Autonomous University of Madrid, UAM.
The mission of the IFT is to create the conditions and
synergies necessary for the development of research
of excellence in the frontiers of theoretical physics in
the areas of elementary particle physics, astroparticle
physics, cosmology, quantum gravity, string theory
and quantum field theory with the aim to understand
the fundamental laws of nature in the micro- and
the macrocosmos. Besides purely scientific activity,
the IFT conducts also high-quality training of young
researchers and professionals through posgraduate
programs with UAM, as well as knowledge transfer to
the society through outreach activities
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El Instituto de Fisica Tedrica (IFT UAM-CSIC)
se gestd en elafio 1994 cuando equipos de investigacion
consolidados pertenecientes a las dos instituciones
madre, Consejo Superior de Investigaciones
Cientificas (CSIC) y Universidad Auténoma de Madrid
(UAM), decidieron sumar esfuerzos con objeto de
generar sinergias y adquirir la masa critica necesaria
para desempefiar un papel relevante en el escenario
internacional de la investigacion en el area. El proceso
de creacion del instituto pasé por varias fases: Primero
se cred un instituto universitario de la UAM del mismo
nombre (Abril 1996), que posteriormente se adscribid
al CSIC como unidad asociada (23 de Abril de 1998).
El 31 de Octubre de 2001 la Junta de gobierno del
CSIC aprobd su constitucion como Instituto mixto. El
convenio de colaboracion para la creacion del instituto
fue firmado por ambas instituciones el 13 de Junio
2002. El 10 de Octubre de 20083 el instituto recibio la
notificacion de puesta en marcha efectiva.

En cuanto a su ubicacion, en los primeros afios el IFT
ocupo varias dependencias dentro de las instalaciones
de la Facultad de Ciencias de la UAM distribuidas en
los mddulos 8 y 15 (antiguos C-XI y C-XVI). Desde
enero de 2011 ocupa una de las alas del edificio del
Centro de Fisica Tedrica y Matematicas (CFTMAT) en
el campus de la UAM.

Hoy en dia, el IFT es un centro de referencia nacional e
internacional en Fisica Tedrica. Desde 2009 forma parte
de la linea estratégica ‘Fisica Tedrica y Matematicas’
del Campus de Excelencia Internacional (CEI) UAM +
CSIC y desde 2012 esta reconocido como Centro de
Excelencia Severo Ochoa. Todos estos logros del IFT
no hubieran sido posibles sin el esfuerzo decidido de
sus investigadores asi como de los equipos de gobierno
que en distintas etapas han dirigido su funcionamiento.
En la tabla adjunta se recogen, en su representacion,
las direcciones de los mismos asi como los periodos
correspondientes.
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The Institute for Theoretical Physics (IFT
UAM-CSIC) was conceived in 1994 when established
research teams belonging to both mother institutions,
the Spanish Research Council (CSIC) and the
Autonomous University of Madrid (UAM), decided
to join efforts to generate synergies and acquire
the critical mass to play a role in the international
arena of research in the field. The administrative
creation process went through several phases: first
as a university institute (April 1996), subsequently
attached to the CSIC as an associate unit (23 April
1998). On 31 October 2001 the Governing Board of
the CSIC adopted its constitution as a mixed Institute.
The collaboration agreement for the establishment of
the institute was signed by the two mother institutions
on 13 June 2002. On 10 October 2003 the institute
received notification of effective implementation.

Concerning its location, in the early years the IFT
premises were located in the Faculty of Sciences of
the UAM Modules 8 and 15 (former C-XI and C-XVI).
Since January 2011 it occupies one wing of the
building of the Centre for Theoretical Physics and
Mathematics (CFTMAT) on the campus of the UAM.

Today, the IFT is a centre of national and international
reference in Theoretical Physics. Since 2009 it is
part of the strategic line ‘Theoretical Physics and
Mathematics’ Campus of International Excellence
(CEl) UAM + CSIC and since 2012 it is recognized
as a Centre of Excellence Severo Ochoa. All these
achievements would not have been possible
without the determined effort of its researchers and
governing teams which have led the operation of IFT
at its different stages. On their behalf, we collect the
directorates of the corresponding periods in the table..
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La Fisica Tedrica es un Area de la Fisica
en la que se pretende encontrar la estructura légico-
matematica JUltima en la que acomodar la enorme
cantidad de experiencias que tenemos sobre el mundo
material. La historia de esta disciplina ha resultado
enormemente exitosa, sintetizando un cumulo enorme
de fenédmenos en un conjunto relativamente pequefio
de principios y leyes.

Pese a los logros de la Fisica Tedrica en el
pasado, subsisten preguntas fundamentales que son
objeto de investigacién hoy en dia. La resolucién de
estas preguntas da lugar a un esfuerzo internacional en
el que participa nuestro Instituto. Cabe esperar que, tal
y como ocurrid en ocasiones anteriores, las respuestas
a dichas preguntas acaben dando lugar a tecnologias
y aplicaciones que produzcan grandes beneficios al
conjunto de la sociedad. No obstante, dado el caracter
fundamental de la investigacion de nuestro Instituto, la
principal motivacién para los cientificos que trabajan
en este tema es de naturaleza cultural: comprender
el mundo que nos rodea. Sin esa curiosidad es muy
dificil que una sociedad prospere y se desarrolle de
manera armonica y positiva para las personas que
la componen. Es, por tanto, una parte imprescindible
del entramado de personas e instituciones que se
dedican a la investigacion fundamental o aplicada, o a
la innovacién tecnoldgica.

Dentro de este marco general, el IFT concentra su
actividad investigadora en las siguientes lineas:

TEORIA CUANTICA DE CAMPOS, GRAVEDAD Y CUERDAS

La Teoria Cuantica de Campos y la Relatividad General
son los dos pilares bésicos de la fisica fundamental
y nos proporcionan los conceptos y herramientas
esenciales para estudiar la estructura interna de la
materia tanto en el reino de lo microscdpico como a
escalas cosmoldgicas. La unificacion de estos dos
pilares en un solo marco conceptual, conocido como
‘la gravedad cuéntica”, sigue siendo el gran objetivo
a largo plazo de la fisica tedrica. Por otra parte, y
aunque entendemos en detalle la dinamica de los
sistemas fisicos que interactuan débilmente, muchas
aplicaciones relevantes en este campo dependen de
nuestra capacidad para tratar problemas en los que
la interaccion es fuerte. Estos son dos cuestiones
fundamentales en torno a los que gira la investigacion
en fisica tedrica en estos temas.

Estos desafios tedricos se abordan con diferentes
métodos y ideas, que van desde la simulacion de
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Theoretical Physics is an area of physics
which aims at finding the ultimate logical/mathematical
structure in which to accommodate the enormous
amount of experiences that we have of the material
world. The history of this discipline has proved
enormously successful, managing to synthesize a
large amount of phenomena into a relatively small set
of principles and laws.

Despite these past achievements, there
remain certain fundamental questions which are
the subject of present investigation. The quest for
resolving these questions gives rise to an international
effort in which our Institute participates. As in previous
occasions, it is expected that the answers to these
questions eventually give rise to new technologies
and future applications producing great benefits to
our society. Nevertheless, given the fundamental
character of the research carried out in our Institute, the
main motivation for its members is of cultural nature:
understanding the World surrounding us. Without this
curiosity a society cannot hold prospects of progress
and development in a harmonic and positive way for
its citizens. Thus, this activity is unavoidably part of the
network of people and institutions working both in pure
and in applied research and technological innovation.

Within this general framework the IFT is actively pur-
suing research along the following lines:

QUANTUM FIELDS, GRAVITY AND STRINGS:

Quantum Field Theory and General Relativity are the
two basic pillars of fundamental physics, providing
us with the key concepts and tools to study the inner
structure of matter and forces from the microscopic
realm up to cosmological scales. Theoretical research
on these “concepts and tools’ has two main avatars:
first, our detailed understanding is typically reduced
to weakly interacting systems, whereas important
applications depend on our ability to treat strongly
interacting problems. Second, the unification of
these two pillars into a single conceptual framework,
sometimes referred to as "quantum gravity’, remains
the long term goal of theoretical physics.

These theoretical challenges are approached with
different methods and ideas, ranging from the simulation
of quantum fields on a lattice or holographic techniques
to attack the strong-coupling problem, to the study of
string theory, supergravity and more exotic ideas to
address the conceptual problem of unification. The
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campos cuanticos en el reticulo o técnicas holografi-
cas para estudiar sistemas fuertemente acoplados,
al estudio de la teoria de cuerdas, la supergravedad
u otras ideas mas exoticas para abordar el problema
conceptual de la unificacion. La formulacion de teorias
cuanticas de campo en un reticulo espacio-temporal es
el unico método riguroso conocido para realizar calcu-
los en teorias fuertemente acopladas que no poseen
suficiente simetria para ser resueltas analiticamente.
Como tal, proporciona un marco Unico para calcular
predicciones de las contribuciones de baja energia
de QCD a los observables del modelo estandar, fun-
damentales para interpretar correctamente los datos
del LHC. También encuentra una amplia aplicacion
en los estudios sobre la dinamica de vacio de las teo-
rias cuanticas de campos, o la dindmica fuertemente
cuantica o no lineal de los modelos que describen la
fisica del Universo primitivo. Los métodos holografi-
cos, basados en la célebre dualidad AdS/CFT, pro-
porcionan un camino alternativo para el calculo de los
efectos no perturbativos en teoria cuantica de campos,
con un énfasis en la posibilidad de estudiar procesos
altamente dindmicos. Hasta ahora, las aplicacio-
nes de estas ideas a la fisica del plasma de quarks
y gluones han sido muy exitosas. Se han abier-
to ademas nuevas avenidas, sobre todo de cara
a modelizar el comportamiento de sistemas fuer-
temente correlacionados, como los sistemas criti-
cos cuénticos en tres dimensiones. Por otro lado,
las ideas hologréaficas son uno de los enfoques mas
incisivos para enfrentar los problemas de la gravedad
cuantica, y su descripcion en teoria de cuerdas.

La teoria de cuerdas es el mejor candidato para una
descripcién unificada de la gravedad y la fisica del
Modelo Estandar de particulas elementales, de forma
consistente con la Mecanica Cuantica. Los avances en
los ultimos afnos ha mejorado drasticamente la posibi-
lidad de construir, a partir de ella, modelos de fisica
de particulas mas alld del Modelo Estandar y estudiar
sus propiedades a energias experimentalmente acce-
sibles. Esto proporciona una ventana de oportunidad
para la conexion de la teoria de cuerdas con la fisica
de particulas en la escala de energia del TeV, que va
a ser explorada experimentalmente en los proximos
afos en el LHC del CERN. La teoria de cuerdas pue-
de conducir también a nuevos conocimientos sobre los
fendmenos gravitacionales en la naturaleza, como la
evolucion cosmolégica y las primeras etapas del Uni-
verso que se han medido con gran precisién, por el
satélite Planck. Los nuevos experimentos pueden re-
querir conocimientos sobre la naturaleza fundamental
de las interacciones gravitacionales, que van desde
modificaciones basicas de los principios de Einstein
a la posible existencia de dimensiones extra y objetos
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formulation of Quantum Field Theories on a spacetime
lattice is essentially the only known rigorous method to
perform computations in theories that do not possess
enough symmetry to be solved analytically. As such, it
provides a unique framework to extract first-principles
predictions for the non-perturbative QCD contribution
to Standard Model observables, which are crucial to
properly interpret the LHC data. It also finds ample
application in studies of the vacuum dynamics of QCD
and related theories, or the dynamics of models for
Early Universe Physics that display strongly quantum
or non-linear behaviour. The holographic methods,
based on the celebrated AdS/CFT duality, provide an
alternative path to the calculation of non-perturbative
effects in quantum field theory, with an emphasis on
the qualitative behaviour and the possibility of studying
highly dynamical processes. So far, the applications
of these ideas to the physics of the strongly coupled
quark-gluon plasma have been very interesting, and
new avenues open up, notably in the modeling of
strongly correlated systems, such as quantum critical
systems in three dimensions. On the other hand, the
holographic ideas provide a most incisive approach to
the problems of quantum gravity, with deep ingraining
in string theory.

String theory is the best candidate for a fundamental
theory of Nature, with the potential to provide a unified
description of gravity and the particles and interactions
of the Standard Model. In this respect, progress in the
past few years has drastically improved the possibility
of constructing string theory models of particle physics
beyond the Standard Model, and studying their
properties (e.g. spectrum of supersymmetric partners)
at energies accessible in upcoming experiments. This
provides a window of opportunity for connecting string
theory with particle physics at the TeV energy scale, to
be experimentally tested in coming years in the LHC
at CERN. Similarly, string theory may lead to new
insights into gravitational phenomena in Nature, like
the cosmological evolution and the early stages of the
Universe, which are being tested with ever-increasing
precision e.g. by the Planck satellite. The new
upcoming experiments may require new insights into
the fundamental nature of gravitational interactions,
ranging from basic modifications of Einstein’s principles
to the possibility of extra dimensions with degrees of
freedom localized on branes, non-perturbative solitonic
structures. These branes are tractable analytically
in supergravity theories, which can be considered
as low-energy approximations of string theory still
maintaining non-perturbative dynamical information. In
the last fifteen years, largely due to the study of duality
symmetries and holography, the respective paradigms
exposed above have been shown to exhibit fascinating



extendidos, las branas. Las branas se pueden describir
analiticamente en las teorias de supergravedad, aproxi-
maciones de baja energia de la teoria de cuerdas.
En los ultimos quince anos, debido en gran parte al es-
tudio de las simetrias de dualidad y la holografia, los
paradigmas expuestos anteriormente han mostrado
complementariedades fascinantes, que frecuentemen-
te borran las fronteras entre estas areas y permitiendo
un rico flujo de ideas entre lla teoria cuantica de cam-
pos, la gravedad y la teoria de cuerdas .

Gravedad

La gravedad es la interaccién mas antigua conocida.
Desempefia un papel fundamental a grandes distancias
(de planetarias a cosmoldgicas), donde esta descrita
con precision por la Relatividad General de Einstein.
Su naturaleza a distancias microscépicas es descono-
cida ya que la relatividad general una version cuantica
similar al resto de interacciones. La teoria cuéntica de
la gravedad que reemplazaria a la relatividad general
en esas escalas gobierna fendmenos importantes,
como las primeras etapas del Universo la evolucion
de los agujeros negros en evaporacién. Los principa-
les enfoques en la busqueda de una teoria cuéntica
de la gravedad son la propuesta de cuantizaciones al-
ternativas de la Relatividad General y la propuesta de
teorias cuanticas que sustituyan a la relatividad general
en las escalas pertinentes, siendo compatibles con su
comportamiento a grandes distancias. El paradigma de
estas ultimas es la teoria de cuerdas.

En esta linea de investigacion, el IFT estudia fendme-
nos de gravedad cuantica en teoria de cuerda, sus des-
cripciones en supergravedad en varias dimensiones, y
soluciones gravitacionales de estas teorias como los
agujeros negros, ademas de teorias alternativas como
la gravedad unimodular o la gravedad modificadas.

Teoria Cuantica de Campos en el reticulo

La formulacién de la teoria cuantica de campos en un
reticulo espacio-temporal es una de las principales he-
rramientas en el andlisis riguroso de las teorias cuéan-
ticas de campos. Permite analizarlas fuera del &mbito
de la teoria de perturbaciones, y en algunos casos es
el unico enfoque de primeros principios para estudiar
la dinamica de las teorias fuertemente acopladas. El
ejemplo mas notable es la teoria fundamental de la
interaccion fuerte, la Cromodinamica Cuantica (QCD).
La exploracion experimental de los limites del Modelo
Estandar en los colisionadores actuales requiere pre-
dicciones tedricas muy precisas para los observables
sensibles a la dindmica de sabor de la teoria e implica
la realizacion de calculos detallados de los correspon-
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complementarities, so that today boundaries among
them are often wahed out, allowing a rich flow of ideas
between quantum field theory, gravity and string theory
, with larger than ever synergies.

Gravitation

Gravity is the oldest known interaction. It plays
a fundamental role at large (from planetary to
cosmological) distances, where it is well described by
Einstein’s General Relativity. Its nature at the shortest
microscopic distances is unknown since General
Relativity cannot be consistently quantized as the
other interactions. The Quantum Theory of Gravity
that replaces General relativity at those scales should
govern important phenomena such as the first stages
of the Universe or the evolution of evaporating black
holes. The main attempts to formulate a Quantum
Theory of Gravity are the proposal of alternative
quantizations of General Relativity and the proposal
of quantum theories replacing General Relativity at the
relevant scales, yet compatible with its large-distance
behaviour. A pardigmatic example of the latter is string
theory.

This line of research at the IFT studies quantum
gravity phenomena in string theory, their description in
supergravity in various dimensions, and gravitational
solutions of these theories such as black holes and
other extended objects, as well as alternative theories
such as unimodular gravity, or modified gravity theories.

Lattice Field Theory

The lattice formulation is one of the main tools in
the rigorous analysis of Quantum Field Theories. It
allows to study them outside the restricted realm of
perturbation theory, and in some cases it is the only
known ab initio approach to the dynamics of strongly
coupled theories. The most remarkable instance
of the latter is the fundamental theory of the strong
interaction, Quantum Chromodynamics (QCD). Testing
experimentally the limits of the Standard Model of
Particle Physics in current and forthcoming collider
experiments requires precise theoretical predictions for
observables sensitive to the non trivial flavour dynamics
of the theory. This in turn requires an accurate control
over long-distance strong interaction physics. Precise
computations of the relevant QCD matrix elements
would have a decisive impact on assumption-free
determinations of the parameters controlling the non-
trivial flavour dynamics of the Standard Model and
its possible extensions. At a more fundamental level,
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dientes elementos de matriz en QCD. Esto requiere un
control sin precedentes de la fisica de la interaccion
fuerte a grandes distancias que tendria un impacto
decisivo en la determinacion de los pardmetros del
Modelo Estandar y sus extensiones. En un nivel méas
fundamental, la validacion de QCD como la teoria que
describe la dinamica de los hadrones ligeros requiere
la realizacion de calculos detallados en el régimen de
baja energia. La formulacién de QCD en el reticulo es
la herramienta idénea para llevar a cabo tales andli-
sis. Sin embargo, este objetivo se ha visto obstaculi-
zado por la imposibilidad de incluir los quarks ligeros
de manera realista en las simulaciones numéricas. En
los ultimos afos, se ha producido un gran avance en
el desarrollo algoritmico que ha reducido esta barrera,
convirtiendo QCD en un campo altamente competiti-
vo en contacto directo con el experimento. Otro area
fértil para la teoria de campos en el reticulo es el es-
tudio de fendmenos asociados a las transiciones de
fase en el Modelo Estandar. Un ejemplo clave es la
transicion electrodébil, uno de los ingredientes esen-
ciales en la descripcion del Universo temprano. Pro-
blemas como la generaciéon de numero bariénico, los
campos magnéticos a gran escala, o el origen mismo
de las masas en el Modelo Estandar, podrian estar re-
lacionados con la dinamica de esta transicion. En la
ultima década también ha progesado el estudio de
QCD a temperatura finita y potencial quimico no nulo.
La comprension detallada de la dindmica de la interac-
cion fuerte en este régimen es esencial para compren-
der los resultados de los experimentos de iones pesa-
dos (como el RHIC y el Programa de lones Pesados en
el LHC); en este contexto el interés tedrico se ha visto
impulsado por el descubrimiento de fascinantes duali-
dades entre el comportamiento colectivo de ciertos mo-
delos fuertemente acoplados y sistemas gravitaciona-
les. La teoria de campos en el reticulo se encuentra en
la encrucijada de este activo campo de investigacion.

Fenomenologia de Cuerdas

La teoria de cuerdas es el mejor candidato para una
teoria fundamental de la Naturaleza, en pleno desarro-
llo tanto en lo formal como en aspectos fenomenolé-
gicos. En los ultimos afios ha habido un avance sus-
tancial en el disefio de modelos de teoria de cuerdas
que admiten una confrontacion directa con los datos
de baja energia, una evolucién en la que el grupo del
IFT ha jugado un papel clave. Un nuevo ingrediente
son las compactificaciones de la teoria en presencia de
flujos para campos tensoriales antisimétricos, que pro-
ducen modelos con supersimetria espontaneamente
rota a baja energia, y logran eliminacién de escalares
sin masa inconsistentes con la fisica de baja energia.

16

detailed computations in the low-energy regime of
QCD, aimed at reproducing the complex features of
light hadron dynamics, are necessary to validate it as
the true theory that describes the latter. Lattice QCD
is indeed an ideal tool to carry out such an analysis.
However, it has been long hindered by the need to bring
under control a number of systematic uncertainties,
most remarkably those related to the impossibility
of considering realistically light quark masses in
numerical simulations. In recent years, a breakthrough
in algorithmic development has brought down this
barrier, turning Lattice QCD into a highly competitive
field in direct contact with the experiment. Another
fertile area for Lattice Field Theory concerns studies
of the phenomena associated with phase transitions in
the Standard Model and related new physics models. A
key example is the electroweak phase transition, which
is one of the essential ingredients in the description of
the Early Universe. Problems such as the generation of
baryon number, large scale magnetic fields, or the very
origin of masses in the Standard Model, are all related
to the dynamics of the electroweak transition. Along a
different line, the study of QCD at finite temperature and
chemical potential has flourished in the last decade, too:
detailed understanding of strong interaction dynamics
in this regime is essential to understand the findings of
heavy ions experiments (such as RHIC and the LHC
Heavy lon Programme); and theoretical interest has
been boosted by the discovery of interesting relations
between collective behaviour in strongly coupled
models and dual gravity descriptions. Again, Lattice
Field Theory lies at the crossroads of this extremely
active research field.

String Phenomenology

String theory is the best candidate for a fundamental
theory of Nature, with continuous progress in both the
formal and the phenomenological aspects. On the lat-
ter, the past few years have drastically improved the
potential for string theory models to be confronted with
low-energy data, developments in which the group at
the IFT has played a key role. One new ingredient is the
compactification of the theory to four dimensions in the
presence of general backgrounds fluxes for certain an-
tisymmetric tensor fields, leading to models with spon-
taneously broken supersymmetry at low energies, and
with removal of unwanted massless scalars from the
low energy physics. A second important development
is the construction of intersecting brane models, new
string theory models of particle physics, based on local-
izing the fields of the Standard Model on the volume of
D-branes, certain non-perturbative objects of the theo-
ry. The resulting models are very tractable, and allow



Una segunda novedad importante es la construccion
de modelos de branas en interseccién, basados en la
localizacién de los campos del Modelo Estandar en el
volumen de D-branas, objetos no perturbativos de la
teoria. Los modelos resultantes permiten el célculo ex-
plicito de las interacciones y los acoplamientos de las
particulas a bajas energias. Esto proporciona una ven-
tana de oportunidad para la conexion de la teoria de
cuerdas con la fisica de particulas en la escala de ener-
gia del TeV, que sera explorada experimentalmente en
los proximos anos. En efecto, la puesta en marcha del
LHC en el CERN ha desencadenado una nueva era
en la fisica de altas energias, que puede llevar a des-
cubrir nuevos fendmenos y proporcionar informacion
importante acerca de la fisica a nivelmas fundamental.
Al mismo tiempo, las observaciones cosmoldgicas de
Planck y BICPEP estan proporcionado cotas e informa-
cion relevante para la fisica de particulas y la inflacion
cosmoldgica. Por tanto, representan una ventana de
oportunidad a este area de la teoria de cuerdas.

Holografia, Cuerdas y Teoria Cuantica de Campos

El llamado “principio hologréfico” es considerado la pie-
dra angular para una definicion totalmente no perturba-
tiva de la gravedad cuéntica. Afirma que los grados de
libertad fundamentales en los sistemas gravitacionales
cuanticos en una regién del espacio-tiempo se atribu-
yen a las fronteras de la misma, en lugar de a su volu-
men. La formulacién matematica mas precisa de este
principio es la dualidad AdS/CFT de Maldacena. Esta
dualidad permite conectar muy diversos problemas,
ideas y métodos de la teoria cuéntica de campos no
perturbativa, como las fases de vacio y los fenémenos
colectivos en teorias gauge o en sistemas de materia
condensada. El resultado ha sido una muy fructifera
interaccion bidireccional: en una direccion, la dindmica
cuantica de los sistemas no-gravitacionales puede es-
clarecer ciertas cuestiones fundamentales de la grave-
dad cuéntica. En la otra, la expansion semiclasica de la
gravedad ofrece una nueva técnica para el célculo de
fendmenos no perturbativos en teoria cuantica de cam-
pos. La correspondencia ha sido ampliamente compro-
bada en los ultimos afos, especialmente con métodos
de la teoria de sistemas integrables, una tarea en la
que nuestro grupo ha jugado un papel destacado. Las
aplicaciones mas estudiadas en los ultimos tiempos in-
cluyen ejemplos como el célculo de los espectros de
glueballs y mesones en modelos simplificados de QCD
(Quantum Chromodynamics); una nueva descripcion
de los plasmas fuertemente acoplados en términos de
horizontes de agujeros negros y nuevas descripciones
de los sistemas hidrodinamicos en las transiciones de
fase cuanticas, entre otros.
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the explicit computation of interactions and couplings
of the particles at low energies. This provides a window
of opportunity for connecting string theory with particle
physics at the TeV energy scale, to be experimentally
tested in coming years. Indeed, the forthcoming second
run of the LHC at CERN may trigger a new era of high
energy physics, which may uncover physics at the TeV
energy scale and provide important information about
physics at the most fundamental level. Similarly, there
are important constraints on high energy particle phys-
ics and cosmological inflation coming from the cosmo-
logical observational data of the Planck satellite and BI-
CEP2 telescope. This is providing a unique window of
opportunity for the development of explicit string theory
models of particle physics and early cosmology, and
the computation of their properties, at qualitative and
quantitvative level, around this range of energies.

Holography, Strings and Quantum Field Theory

The so-called “holographic principle” is widely regarded
as a cornerstone of a fully non-perturbative definition
of quantum gravity. It states that the fundamental de-
grees of freedom in quantum gravitational systems in
a region of space-time are ascribed to the boundaries
of the latter, rather than to its bulk. The most precise
mathematical model of this principle was given by Mal-
dacena in the form of the AdS/CFT duality. This dual-
ity brings string theory into the picture, and connects
with a wealth of problems, ideas and methods of non-
perturbative quantum field theory, such as the vacuum
phases of gauge theories and collective phenomena
of gauge theories or condensed matter systems. The
result has been a very fruitful interaction of ideas work-
ing in two directions: in one direction, the full quantum
dynamics of non-gravitational systems can be used to
shed light on fundamental issues of quantum gravity. In
the other direction, the semiclassical expansion of grav-
ity, starting with Einstein’s general relativity, provides
a new computational technique for long-standing non-
perturbative phenomena in quantum field theory. The
correspondence itself has been extensively tested in
recent years, notably through methods borrowed from
the theory of integrable systems, an endeavor in which
our group has played a prominent role. Examples of ap-
plications that have been widely studied in recent times
include the computation of glueball and meson spectra
in toy models of QCD (Quantum Chromo Dynamics), a
new description of strongly coupled plasmas in terms of
black-hole horizons and new hydrodynamical descrip-
tions of systems at quantum phase transitions, among
others.
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EL ORIGEN DE LA MASA

El Modelo Estandar (SM) describe con extraordinaria
precision la Fisica de Particulas hasta las energias
mas altas exploradas en los aceleradores de particu-
las. Recientemente se ha dado un paso de gigante en
nuestra comprension del origen de la masa de las par-
ticulas elementales con el descubrimiento del boson
de Higgs en el LHC del CERN en Ginebra. El valor de
su masa, 126 GeV, desafia algunas de las ideas mas
simples para extender la fisica de particulas mas alla
del Modelo Estandar. Existen ademds buenas razones
para creer que el SM no es la teoria mas fundamental.
En particular, no entendemos de manera satisfactoria
la ruptura dela simetria electrodébil ni el patrén de ma-
sas y mezclas fermidnicas. Ambos aspectos estan rela-
cionados con el origen de la masa, y esperamos poder
obtener nueva informacién experimental a lo largo de
los proximos anos que permita abordar estos proble-
mas. Estos datos provendran del experimento LHC y
también porlos experimentos relacionados con la fisica
del sabor (BABAR, BELLE, MEG, MEGA,etc.) y la fi-
sica de neutrinos (Super-Vigas, Beta-Vigas, factorias
de neutrinos,etc.). También las mediciones astrofisicas
y cosmoldgicas permitirdn poner limites o favorecer
escenarios y modelos relacionados con estos temas.
Este campo va a ser sin duda la punta de lanza de la
fisica de particulas durante los proximos afios.

Fisica de Neutrinos

Las oscilaciones de neutrinos, objeto del Premio
Nobel de Fisica 2015, indican que los neutrinos son
masivos, proporcionando la primera sefal de nueva
fisica mas allda del Modelo Estandar. Sin embargo,
sus valores son mucho menores que las masas de
otros fermiones. Las oscilaciones de neutrinos son
también una indicacién de que las matrices de masa
y de interaccién de los neutrinos difieren. El analogo
leptonico de la matriz de mezcla hadrénica Cabibbo-
Kobayashi-Maskawa (CKM) es la matriz de Pontecorvo-
Maki-Nakagawa-Sakata (PMN). Estas dos matrices
son extremadamente diferentes: la matriz CKM es
cercana a la unidad, en tanto que la matriz PMNS tiene
elementos“democraticos”. La dispersién en los valores
de las masas de los fermiones del modelo estandar y
la diferencia entre las dos matrices de mezcla son parte
del “problema de sabor”: no entendemos el contenido
de materia del SM y los acoplamientos de los campos
de materia con el bosén de Higgs son parametros
arbitrarios del propio modelo. Los modelos de see-saw
son una opcién interesante para generar masas muy
pequefas para los neutrinos: introduccion de nuevas
particulas (fermiones o escalares) y la violacion de la
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THE ORIGIN OF MASS

The Standard Model (SM) describes Particle Physics
with extraordinary precision up to the highest ener-
gies explored by accelerators. Our understanding of
the origin of the mass of all elementary particles has
experienced an enormous boost with the discovery of
the Higgs boson with a mass of 126 GeV at the LHC
at CERN, Geneva. This mass value challenges some
of the simplest ideas for physics beyond the Standard
Model (SM). In addition, there are good reasons to be-
lieve that the SM is not the most fundamental theory.
In particular, we do not satisfactorily understand elec-
troweak symmetry breaking (EWSB) and the pattern of
fermion masses and mixings. Both aspects are related
to the origin of mass, and in both we expect to have
new and crucial experimental information in the next
few years. This will be provided by the LHC experiment
and also by experiments related to flavour physics (BA-
BAR, BELLE, MEG, MEGA, etc.) and neutrino physics
(Super-Beams, Beta-Beams, Neutrino Factory, etc.).
Also astrophysical and cosmological measurements
will constrain or favour physical scenarios related to
these issues. Therefore, this field (with all its branches)
is going to be the spearhead of particle physics along
the next years.

Neutrino Physics

Neutrino oscillations, the subject of the 2015 Physics
Nobel Prize, tell us that neutrino masses are non-van-
ishing, providing the first signal of new physics beyond
the Standard Model (SM). However, their values are
much smaller than the masses of other fermions. Neu-
trino oscillation also point out that the neutrino mass
and interaction basis differ. The leptonic analogue of
the hadronic Cabibbo-Kobayashi-Maskawa (CKM) mix-
ing matrix is the Pontecorvo-Maki-Nakagawa-Sakata
(PMNS) matrix. The two matrices are extremely differ-
ent: the CKM matrix is close to unity, whereas the PMNS
matrix has “democratic” elements. The wide spread of
the SM fermion masses and the difference of the two
mixing matrices are part of the “flavour problem”: we
have no fundamental understanding of the matter con-
tent of the SM, and the couplings of matter fields with
the Higgs boson are external inputs to the model itself.
See-saw models are an interesting option to generate
very small neutrino masses: by introducing a set of new
particles (either fermions or scalars) at high scale and
by abandoning lepton number as a conserved symme-
try, these models can explain the smallness of neutrino
masses, whilst their couplings to the Higgs boson are
of the same order of those of their leptonic partners.



conservaciéon del numero leptonico a altas energias,
permiten explicar la baja masa de los neutrinos,
manteniendo los acoplamientos al bosén de Higgs del
mismo orden que los de sus socios lepténicos. Los
procesos que violan el numero leptdnico, tales como
la” desintegracion doble-beta sin neutrinos” de los
nucleos, podrian ser observados, discriminanto asi el
caracter Dirac o Majorana de los neutrinos. La medicién
completa de los elementos de matriz PMN es una tarea
inacabada (contrariamente al caso de la matriz CKM)
que debe concluirse a fin de construir un modelo de
masas y mezclas para los fermiones. En particular,
es crucial el estudio de fenémenos que violen CP en
el sector lepténico, algo que podria tener importantes
consecuencias cosmoldgicas. La leptogénesis, es
decir, la creacion de un exceso de antileptones sobre
leptones, podria tener lugar a partir del decaimiento
de particulas pesadas en leptones ligeros sélo si las
simetrias B-L, C y CP se rompen simultaneamente.
Al enfriarse el universo y través de procesos no
perturbativos que involucran esfalerones, este exceso
se convierte en asimetria baridnica, ofreciendo una
posible explicacion de la asimetria materia-antimateria
observada. Con el tiempo, se espera que las fuentes de
neutrinos astrofisicos se conviertan en una herramienta
esencial para dar a conocer las propiedades de los
neutrinos y del universo.

LHC y Nueva Fisica: herramientas de prediccion

EI LHC fue disefiado para explorar la validez del Mode-
lo Estandar y la posible existencia de nueva fisica. En
su segunda fase, el LHC va a empujar la frontera de las
altas energias a regiones inexploradas de la fisica de
particulas, abriendo una ventana unica hacia la fisica
mas alla del Modelo Estandar. La comunidad de fisicos
de altas energias ha dedicado un importante esfuerzo
al desarrollo de herramientas de simulacion numérica
para analizar sefiales de nueva fisica y reproducir los
backgrounds del modelo estdndar. Estas técnicas son
cruciales para testar de manera realista cualquier es-
cenario tedrico. En el IFT hay expertos internacional-
mente reconocidos en la formulacion y analisis de mo-
delos que extienden el Modelo Estandar que estudian
posibles implicaciones para la fisica del LHC. Una lista
de temas incluye la supersimetria, dimensiones extra,
modelos compuestos, etc. Nuestro objetivo es utilizar
herramientas Monte Carlo para estudiar las sefiales de
nueva fisica en el LHC y diferenciarlas de las asocia-
das al modelo estandar.

Fisica mas alla del Modelo Estandar

El Modelo Estandar describe con extraordinaria pre-
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Lepton number violating processes, such as the ""neu-
trinoless double-beta decay” of nuclei could be observ-
able, thus testing the Dirac or Majorana character of
neutrinos. The complete measurement of the PMNS
matrix elements is an unfinished task (contrary to the
case of the CKM matrix) that must be concluded in or-
der to build a model for fermion masses and mixings. In
particular, it is absolutely crucial to study phenomena of
CP-violation in the leptonic sector, something that could
possibly have strong cosmological implication. In this
respect, it underlies the idea of Leptogenesis, that is,
the creation of an excess of antileptons over leptons,
which would happen through the decay of heavy par-
ticles into light leptons at high temperatures only if the
B-L, C and CP symmetries are simultaneously broken.
This excess is then converted into a baryonic asymme-
try by non-perturbative sphalerons when the Universe
gets colder, thus offering a possible explanation of the
observed matter-antimatter asymmetry. Eventually, as-
trophysical neutrino sources are expected to become
an important tool to unveil the properties of neutrinos
and of the universe, as well.

LHC & New Physics: prediction tools

The Large Hadron Collider was designed to test the

validity of the Standard Model and explore New Phys-
ics. The LHC will push the high energy frontier into
unexplored regions of particle physics, opening a
unique window on what lies beyond the Standard Mod-
el. The high energy physics community has devoted
large amount of efforts to develop simulation tools for
New Physics signals as well as Standard Model back-
grounds. Any Particle Physics Phenomenology group
has to include experts on these technics (matrix and
event generators, event analysis, etc) since prediction
simulation tools are crucial to perform realistic tests of
any theoretical scenario. The IFT has widely recog-
nized experts in Beyond the Standard Model Physics,
working on scenarios that have implications for LHC
physics. A list of topics includes supersymmetry, extra
dimensions, composite models, etc. Our aim is to use
Monte Carlo tools to study signals of new physics and
their Standard Model backgrounds at the LHC.

Physics beyond the Standard Model

The Standard Model (SM) describes with extraordinary
precision Particle Physics up to the highest energies
explored by accelerators. However there are good
reasons to believe that the SM is not the most funda-
mental theory: impossibility to incorporate gravitation at
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cision la Fisica de Particulas hasta las energias mas
altas exploradas en los aceleradores de particulas.
Pero muchas cuestiones sugieren que no es la teo-
ria méas fundamental: la imposibilidad de incorporar la
gravitacion a nivel cuéntico, la falta de candidatos para
la materia oscura, la falta de naturalidad en la ruptura
electrodébil, el gran numero de parametros ad hoc ,
etc. También hay buenas razones para creer que parte
de la nueva fisica que esta mas alla del Modelo Estan-
dar puede detectarse en el LHC. La mas convincente
es tal vez la enorme contribucién de las correcciones
radiativas que modificarian la escala de ruptura elec-
trodébil a menos que haya nueva fisica por encima de
unos pocos TeV. Por tanto, el estudio de la fisica mas
alld del Modelo Estandar (BSM) se ha convertido en
un tema crucial en fisica de particulas, y aun en mayor
medida durante la segunda fase del LHC. Por otro lado,
el LHC va a explorar las propiedades de la particula de
Higgs, por lo que el estudio tedrico de la misma es otro
tema esencial en el campo. Por ultimo, el rompecabe-
zas del sabor (es decir, el origen del patron de masas y
mezclas de los fermiones elementales) es un tema in-
trigante, que ha atraido mucha atencion en los ultimos
anos. Este campo va a seguir siendo muy relevante, a
la vista de experimentos como BABAR, BELLE, MEG,
MEGA, etc., asi como el propio LHC que tienen el po-
tencial para poner a prueba y constrefiir los modelos
que pretenden capturar la fisica sabor.

EL ORIGEN Y COMPOSICION DEL UNIVERSO

El Paradigma Inflacionario es hoy en dia la mejor des-
cripcién que tenemos sobre el Universo temprano. Jun-
to con la teoria del Big Bang , proporciona el marco
en el que se puede describir y entender la mayor par-
te de las observaciones. Los retos que hoy en dia se
plantean son de dos tipos: por un lado, comprender el
origen de la inflacién, la teoria detras del paradigma,
posiblemente basandose en los avances de la fisica de
particulas fundamentales mas alld del actual Modelo
E standar, y por otro lado poner a prueba las predic-
ciones observacionales del paradigma inflacionario.
Esta ultima tarea requiere un conocimiento detallado
del Universo presente, posibilitado por los avances ex-
traordinarios en la cosmologia observacional. Estudios
del fondo cosmico de radiacién de microondas, como
Planck y BICEP y otros, resultan extremadamente uti-
les. Ademas, los estudios a gran escala del Universo
(como PAN-STARRS, BOSS, Euclid, ADEPT, LSST,
DES, DESI, PAU) cubriran colectivamente una gran
parte del Universo observable, permitiendo desentra-
far la naturaleza de la fisica responsable de la expan-
sion acelerada del Universo. Esta aceleracion implica
probablemente nueva fisica que podria llevar a una mo-

20

the quantum level, lack of candidates for Dark Matter,
lack of naturalness of the electroweak breaking scale,
large number of ad hoc parameters, etc. There are also
good reasons to believe that some of the New Physics
lying beyond the Standard Model can be detected at
the LHC. Perhaps the most convincing one is the huge
radiative corrections that would modify the scale of
electroweak symmetry breaking unless there lies new
physics at some cut-off, not far from a few TeV. For
all these reasons the study of the possible New Phys-
ics beyond the Standard Model (BSM) has become a
crucial issue for the particle physics community; even
more with in the next few years, with the advent of the
LHC second run which may test many BSM models. On
the other hand, the LHC is going to explore the prop-
erties of the Higgs particle. The physics of the Higgs
sector in the standard (i.e. pure SM) and non-standard
(i.e. with BSM physics) scenarios is therefore another
major issue for particle physics. Finally, the flavor puz-
zZle (i.e. the origin of the pattern of masses and mixings
of the elementary fermions) remains an intriguing sub-
ject, that has attracted a lot of attention in the last years.
This field stays most relevant in the light of present and
projected ex periments (BABAR, BELLE, MEG, MEGA,
etc., as well as the LHC itself), which have the poten-
tial to test and constrain interesting models of flavour
physics.

THE ORIGIN AND COMPOSITION OF THE UNIVERSE

The Inflationary Paradigm is nowadays the best de-
scription of the Early Universe. Together with the Big
Bang theory, it provides the framework in which most
of the present observations can be described and un-
derstood. The challenges nowadays are twofold: on
the one hand to understand the origin of inflation, the
theory behind the paradigm, possibly based on funda-
mental developments in high energy particle physics
beyond the present Standard Model, and on the other
hand to test the observational predictions of the infla-
tionary paradigm. The latter task requires a detailed
knowledge and understanding of the present Universe,
made possible by the extraordinary developments in
observational cosmology. In particular, cosmic micro-
wave background probes like Planck, BICEP and other
are extremely helpful. In addition, large scale surveys
of the Universe (such as PAN-STARRS, BOSS, EU-
CLID, ADEPT, LSST, DES, DESI PAU) will collectively
cover a large fraction of the observable Universe, un-
raveling the nature of the physics responsible for the
current accelerated expansion. This acceleration likely
involves also new physics which could imply either a
modification of our understanding of particles and fields



dificacién de nuestra comprension de la fisica de par-
ticulas y campos (si la aceleracion es causada por un
nuevo ingrediente, la llamada “energia oscura”) 0 a un
cambio de nuestra comprension del espacio y el tiempo
(mediante la modificacién de las leyes de la Relatividad
General de Einstein). Por ultimo, el enorme desarrollo
de las técnicas de deteccion de particulas procedentes
del Cosmos también ha abierto un inmenso potencial
para realizar descubrimientos fundamentales, como
por ejemplo la naturaleza dela particula responsable
de la materia oscura del Universo. Los ultimos afos
han sido testigos de un. impresionante progreso en
los experimentos de deteccion de particulas de mate-
ria oscura, con mejoras significativas en la precisiéon y
sensibilidad de los experimentos. Es de esperar que
los experimentos en funcionamiento o en preparacion,
como DAMA/LIBRA, superCDMS, XENON, COUPP,
EURECA, ANAIS, GLAST, PAMELA, etc, combinados
con el LHC, proporcionen informacion sobre la natura-
leza de la materia oscura y otros aspectos relevantes
para la cosmologia.

Universo Primordial y Energia Oscura

El Paradigma Inflacionario es hoy en dia la mejor des-
cripcion que tenemos sobre el Universo temprano.
Junto con la teoria del Big Bang, proporciona el marco
en el que se puede describir y entender la mayor par-
te de las observaciones. Las predicciones inflaciona-
rias sobre las anisotropias del CMB vy la distribucién
de la materia a gran escala precedieron en mas de
una década a las mediciones y han sido confirma-
das con una precisién asombrosa que ha permitido a
los cosmélogos proponer un Modelo Estandar de la
Cosmologia. Los retos que hoy en dia son de dos ti-
pos: por un lado, comprender el origen de la inflacién,
la teoria detras del paradigma y por otro lado poner a
prueba las predicciones observacionales del paradig-
ma inflacionario. Esta ultima tarea requiere un cono-
cimiento detallado del Universo proporcionado por la
cosmologia observacional. El IFT participa en colabo-
raciones internacionales centradas en el estudio de la
estructura a gran escala del universo con una precision
sin precedentes (BOSS, DES, DESI y PAU), asi como
las anisotropias de polarizacion del fondo cdésmico de
microondas (BPOL).

Astroparticulas y materia oscura

La Fisica de Astroparticulas es un campo de investiga-
cién nuevo y atractivo situado en la encrucijada entre
la Fisica de Particulas, la Astrofisica, y la Cosmologia.
El gran desarrollo de las técnicas de deteccion de par-
ticulas procedentes del Cosmos ha abierto un inmenso
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(if the acceleration is caused by a new ingredient, the
so-called “dark energy”) or a change of our understand-
ing of space and time (by modifying Einstein’s General
Relativity laws). Finally, the huge development of the
detection techniques of particles coming from the Cos-
mos has also opened an immense potential for funda-
mental discoveries, such as the nature of particles mak-
ing up the cosmological dark matter. Elucidating the
particles that constitute the dark matter left over from
the Big Bang and their possible detection constitutes a
key challenge in modern physics. There has been an
impressive progress on this issue in recent years, with
significant improvements in the precision and sensitivity
of experiments. At present, there are many experiments
of this kind around the world running or in preparation,
such as DAMA/LIBRA, superCDMS, XENON, COUPP,
EURECA, ANAIS, GLAST, PAMELA, etc. Hopefully the
LHC will also provide information about particle candi-
dates for dark matter and possibly about theories rel-
evant for cosmology.

Early Universe and Dark Energy

The Inflationary Paradigm is nowadays the best descrip-
tion we have about the Early Universe. Together with
the Big Bang theory, it provides the framework in which
most of the present observations can be described and
understood. Inflationary predictions about the CMB ani-
sotropies and the large scale structure distribution of
matter were done more than a decade before they were
measured and have been confirmed with astonishing
precision, which has allowed cosmologists to pro-
pose a Standard Model of Cosmology. The challenges
nowadays are twofold: on the one hand to understand
the origin of inflation, the theory behind the paradigm,
possibly based on fundamental developments in high
energy particle physics beyond the present Standard
Model, and on the other hand to test the observational
predictions of the inflationary paradigm. The latter task
requires a detailed knowledge and understanding of the
present Universe, made possible by the extraordinary
developments in observational cosmology. Several IFT
researchers are members of international collabora-
tions focused on the study of the large scale structure
of the universe with unprecedented accuracy (BOSS,
DES and PAU), as well as the polarization anisotropies
of the cosmic microwave background (Bpol).

Astroparticles and Dark matter

AstroParticle Physics is a young and exciting research
field at the crossroad between Particle Physics, Astro-
physics, and Cosmology. The huge development of the
detection techniques of particles coming from the Cos-
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potencial para descubrimientos fundamentales: la na-
turaleza de la materia oscura, el origen de los rayos
césmicos, las propiedades de los neutrinos, la natura-
leza de la gravedad, etc. La comunidad cientifica esta
fuertemente comprometida con el desarrollo de este
area de investigacion, a través de experimentos en
laboratorios subtrerraneos, satélites, y observatorios
de ondas gravitacionales. En particular, se estudia una
amplia gama de particulas césmicas, incluyendo los
neutrinos, rayos gamma y rayos cosmicos a las mas
altas energias, e incluyendo también la materia oscura.
La evolucién del campo en la proxima década se cen-
tra en una serie de preguntas basicas, como de qué
esta hecho el universo y qué es la materia oscura, las
propiedades de los neutrinos y su papel en la evolucion
cdsmica, los neutrinos como instrumento de estudio del
interior del Sol y la Tierra, y las explosiones de super-
novas, cual es el origen de los rayos césmicos, espe-
cialmente los de energias extremas, y qué nos diran las
ondas gravitacionales acerca de los procesos césmi-
cos violentos y sobre la naturaleza de la gravedad. Una
respuesta a cualquiera de estas preguntas marcaria un
importante avance en la comprensién del Universo y
abriria por su cuenta un nuevo campo de investigacion.

TEORIA DE LA MATERIA CONDENSADA
E INFORMACION CUANTICA

Una de novedades mas interesantes de la fisica recien-
te es la convergencia de la Materia Condensada y la
Informacién Cuantica, que ha dado un nuevo impulso
a ambas disciplinas en un periodo revolucionario con
posibles implicaciones cientificas y tecnoldgicas de
largo alcance para la Ciencia y la Sociedad de la In-
formacion. La razén de esta convergencia ha sido el
reconocimiento gradual de que los estado cuénticos de
muchos cuerpos, objetos centrales en la Fisica de la
Materia Condensada, son el territorio natural del entre-
lazamiento cudntico, el recurso computacional basico
en la Informacién Cuantica. El suefio de construir un or-
denador cuantico parece ahora posible (aunque no in-
mediatamente) utilizando dispositivos experimentales
de la Materia Condensada y la Optica Cuantica, como
trampas de iones, redes Opticas, atomos frios, redes
superconductoras, sistemas con efecto Hall cuantico
fraccionario, etc. A su vez, algunos de estos dispositi-
vos puede servir como simuladores cuénticos de mo-
delos fuertemente correlacionados, cuyo estudio anali-
tico o numérico estd mas alla de las técnicas actuales
en Materia Condensada, y que son esenciales para ex-
plicar los superconductores de alta temperatura, entre
otros problemas importantes. Estas areas de la Fisica
viven ahora un fructifero periodo histérico donde teoria,
experimento y tecnologia avanzan de la mano.
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mos has opened an immense potential for fundamen-
tal discoveries: the nature of the dark matter, the origin
of cosmic rays, the properties of neutrinos, the nature
of gravity, etc. The international community is strongly
committed to the development of this area of research,
through experiments in deep-underground laborato-
ries, satellites, and gravitational-wave observatories. In
particular, specially designed telescopes and satellite
experiments are employed to observe a wide range of
cosmic particles including neutrinos, gamma rays and
cosmic rays at the highest energies, and including dark
matter searches. The evolution of the field over the next
decade revolves around a set of basic questions, such
as what is the Universe made of and what is dark mat-
ter, what are the properties of neutrinos and their role
in cosmic evolution, what do neutrinos tell us about the
interior of the Sun and the Earth, and about supernova
explosions, what is the origin of cosmic rays, specially
those with extreme energies, what will gravitational
waves tell us about violent cosmic processes and about
the nature of gravity. An answer to any of these ques-
tions would mark a major break-through in understand-
ing the Universe and would open an entirely new field
of research on its own.

THEORETICAL CONDENSED MATTER AND
QUANTUM INFORMATION

One of the most exciting developments in Physics in

the last few years has been the convergence of Con-
densed Matter and Quantum Information, which has
energized both disciplines, leading to a revolutionary
period whose scientific and technological implications
could be far reaching for Science and the Information
Society. The reason for this convergence has been the
gradual recognition that quantum many body systems,
which are the central objects of the study in Condensed
Matter Physics, are the natural territory of quantum
entanglement, which is the basic computational re-
source in Quantum Information Theory. The dream of
constructing a quantum computer seems now possible
(although not immediately) using experimental devices
borrowed from Condensed Matter and Quantum Op-
tics, such as ion traps, optical lattices, cold atoms, su-
perconducting arrays, fractional Quantum Hall systems,
etc. At the same time, some of these devices may serve
as quantum simulators of strongly correlated models,
whose analytical or numerical analysis is beyond the
current techniques in Condensed Matter, and which
are essential to explain the high temperature cuprate
superconductors among another important problems.
These areas of Physics lives now one of those fruitful
historical periods where theory, experiments and tech-
nology go hand in hand.
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EI' IFT dispone de personal cientifico y de personal de
servicios técnicos y administrativos. El personal cienti-
fico esta formado por miembros permanentes que son
profesores de la UAM o investigadores del CSIC, por
investigadores Ramon y Cajal, por investigadores pos-
doctorales y por estudiantes de doctorado. El personal
de servicios pertenece a alguno de los tres de que dis-
pone el instituto: Servicio de Computacién y Tecnolo-
gias de la Informacién (Tl), Servicio de Comunicacion y
Divulgacién y Servicio de Administracion. En cuanto al
equipo de gerencia, este es comun a los dos institutos
gue comparten el edificio, el IFT y el Instituto de Cien-
cias Matematicas (ICMAT), constituyendo el centro de
servicios del CFTMAT.

Para los propdsitos de su organizacion cientifica, el IFT
se estructura en dos departamentos: Departamento de
Teoria y Departamento de Fenomenologia y Cosmolo-
gia. El primero esta formado por los investigadores que
trabajan en los aspectos mas formales o matematicos
de la fisica tedrica, mientras que el segundo lo esta por
los investigadores mas directamente relacionados con
los datos experimentales u observacionales

El IFT se rige por el convenio especifico de colabora-
cion firmado el 9 de Marzo de 2011 por sus dos insti-
tuciones madre, la UAM y el CSIC. Ahi se recogen los
siguientes Organos de Gobierno y Asesoramiento:

o Qrgano Rector: Comision Rectora.
®  Organos de Direccién y Gestion: Junta, Director/a,
o Vicedirector/a, Gerente.

Organos de Asesoramiento: Claustro Cientifico,
Comité de Asesoramiento Externo.

La Comision Rectora

Es el érgano de direccion superior del IFT y entre sus
funciones tiene la de aprobar el plan estratégico cua-
trienal del instituto, asi como el presupuesto del mismo.
Sus miembros no pueden tener la condiciéon de per-
sonal adscrito al instituto. Actualmente esta integrada
por el Vicepresidente de Organizacion y Relaciones
Institucionales del CSIC y el Jefe de la Comisién de
Area de Ciencia y Tecnologias Fisicas del CSIC, y por
el Vicerrector de Investigacion e Innovacion de la UAM
y el Gerente de la UAM. El Director del IFT asiste a las
reuniones de la Comisiéon Rectora. El/La gerente del
IFT actua como Secretario/a.

La Junta del IFT
Esta constituida por el/la Director/a del IFT, ella
Vicediretor/a del IFT, los jefes de departamento y dos
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The IFT has a scientific, technical and administrative
personnel. The scientific staff consists of permanent
members who are professors or researchers of UAM
or CSIC, fixed term Ramén y Cajal researchers, post-
docs and PhD students. The services personnel be-
longs to one of the three available Services: Computing
and Information Technology (IT), Communications and
Outreach and Administration. The management team
is common to the two institutes that share the build-
ing, the IFT and the Institute of Mathematical Sciences
(ICMAT), and constitutes the CFTMAT service center

For the purposes of scientific organization, the IFT is di-
vided into two departments: Department of Theory and
Department of Phenomenology and Cosmology. The
first is formed by researchers working in more formal or
mathematical aspects of theoretical physics, while the
second consists of researchers more directly related to
experimental or observational data.

The IFT is governed through the specific collaboration
agreement signed on March 9, 2011 by its two mother
institutions, UAM and CSIC. Here we collect the Gov-
erning and Advisory Bodies

® Governing Body: Board of Trustees.
g Management Bodies and Management: Board, Di-
° rector Vicedirector, Manager.

Advisory Bodies: Scientific Assembly, External Ad-
visory Committee.

The Board of Trustees

It is the superior executive board of IFT and among its
duties it approves the four-year strategic plan of the in-
stitute as well as its budget. Its members cannot have
the status of staff assigned to the institute. It is currently
composed of the Vice-president of Organization and In-
stitutional Relations CSIC and the Head of the Area of
Physics Science and Technology of CSIC, and the Vice
President for Research and Innovation of UAM and the
Manager of the UAM. The Director of IFT attends meet-
ings of the Governing Committee. The manager of IFT
acts as Secretary.

The IFT Board

It consists of the director and vicedirector of the IFT,
the department heads and two staff representatives.
The / manager of IFT acts as Secretary .
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representantes del personal. El/La gerente del IFT ac-
tla como Secretario/a

El/La Director/a

Sus funciones son las de dirigir, coordinar y supervisar
todos las actividades y servicios del IFT, asi como eje-
cutar los acuerdos de la Junta. Su mandato es por un
periodo de tres afnos, pudiendo ser reelegido.

El/La Vicedirector/a
Asiste al Director en sus funciones. Le sustituye en
caso necesario o en funciones delegadas.

El/La Gerente
Le corresponde la gestion administrativa y econdémica
del instituto.

El Claustro Cientifico

Estd4 compuesto por el personal investigador y los doc-
tores adscritos al IFT. Entre sus misiones le correspon-
de proponer a la Junta las directrices y medidas nece-
sarias para el desarrollo de la actividad cientifica del
IFT.

El Comité de Asesoramiento Externo
Compuesto por cientificos de relieve internacional que
realizan un seguimiento de la labor cientifica del IFT.

26

The Director

The Director’s functions are to direct, coordinate and
supervise all the activities and services of IFT and to
implement the resolutions of the IFT Board. Its mandate
is for a period of three years with the possibility of reap-
pointment.

The Deputy Director

He/she assists the Director in office. and replaces the
director if necessary or when the Director delegates his/
her functions onto the vicedirector.

The Manager
He/she is responsible for administrative and financial
management of the Institute.

The Scientific Assembly

It consists of the research staff and doctors assigned
to IFT. Its mission is to propose to the Board the guide-
lines and means necessary for the development of the
scientific activity of IFT.

The External Advisory Committee
It is composed of scientists of international renown that
track the scientific work of the IFT.
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A continuacién se muestra la composicién de la Junta Here we show the composition of the board of the IFT
del IFT entre 08/2012-9/2015: between 08/2012-9/2015
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La composicion de la Junta del IFT a partir de 09/2015, The composition of the IFT board since 09/2015 is
es:
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El Comité de Asesoramiento Externo estd compuesto The external advisory committee is composed of the
por los prestigiosos cientificos following distinguished scientists:
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Para el funcionamiento del Instituto, hay varios comités Between january and september 2015 the operating
gestionados por los cientificos del IFT. Hasta 09/2015  committees were
los comités de funcionamiento fueron:

9]

0
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A partir de 09/2015 los comités de funcionamiento son  After 09/2015 the operating committees are
los siguientes

-
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Servicio de Computacion y Tecnologia de la Infor-
macion

Este servicio es responsable de la gestion de los recur-
sos de tecnologia de la informacién del Instituto. Una
de sus tareas mas fundamentales y complejas es la
gestion de los recursos de Computacion de alto rendi-
miento (HPC). Estos son esenciales para el desarrollo
de buena parte de la investigacion en el IFT. Otras de
sus tareas son: el manejo de los equipos informaticos
de uso individual de pequefa escala, la gestion de los
recursos de uso general, como impresoras y redes, asi
como el desarrollo y la gestion de la pagina Web del

Computing and Information Technology

This service is responsible of the management of the
information technology resources of the institute. One
of its most fundamental and complex tasks is the man-
agement of the available high-performance computing
(HPC) resources. These are essential for the develop-
ment of a good fraction of the research taking place at
the Institute. Other important tasks carried out by this
service are: the handling of the individual-use small
scale computer equipment, the management of gener-
al use resources, as printers and networks, and the de-
velopment and management of the institute webpage,
which is equipped with a powerful intranet allowing se-
lective access to services and information

Computacion y Tl / Computing and IT

Jefe / Head

Desarrollo de sistemas y red / System and Web development

Apoyo a Usuarios / User Support

Servicio de Comunicacién y Divulgacion

EI IFT tiene una amplia tradicion en la transferencia de
conocimiento a la sociedad. Organizamos muchas ac-
tividades de divulgacion dirigidas al publico en general
y también a los estudiantes y profesores de secunda-
ria o estudiantes de licenciatura: cursos de formacion,
charlas publicas, participacion en medios de comuni-
cacion, publicacion de libros, etc. Como ejemplo pode-
mos mencionar el talle interactivo internacional en Fisi-
ca de Particulas, dirigido a estudiantes de secundaria
orientados a la ciencia. Ademas de colaboraciones con
entidades de primer nivel como el Museo Thyssen-Bor-
nemisza, la Residencia de Estudiantes CSIC, el Museo
Nacional de Ciencia y Tecnologia, etc. Asi como los
departamentos de Cultura Cientifica y Divulgacion del

Andres Diaz-Gil

Marcos Ramirez

Emilio Ambite

Communication and Outreach Service

The IFT has a very strong tradition in knowledge trans-
fer of its research to broader audiences. We organize
many outreach activities addressed to general public
and also to high-school students and teachers or un-
dergraduate students. They include: training courses,
public talks, participation in media, publication of books,
etc. An illustrative example is the International Master
class in Particle Physics, aimed at science-oriented
high-school students. We also have collaborations with
top-class entities like the Thyssen-Bornemisza Muse-
um, the CSIC Residencia de Estudiantes, the National
Museum of Science and Technology. As well as with
the Outreach Departments of CSIC, UAM and Com-
munity of Madrid.

Comunicacion y Divulgacion / Communication and Outreach

Jefa / Head

Videos y Youtube / Videos and Youtube
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Susana Hernandez

José Luis Crespo (QuantumFracture)



Servicio de Administracion

El objetivo de este servicio es el mantenimiento de la
estructura administrativa del IFT de acuerdo con los
mas altos estandares de eficiencia, el uso éptimo de
los recursos y la planificacion racional. Este servicio es
de vital importancia para que el instituto pueda lograr
sus objetivos cientificos, dada la intensa actividad de-
sarrollada como la contratacién de investigadores pos-
doctorales y predoctorales, la organizacion de semina-
rios, coloquios, talleres, programas de investigaciéon o
la gestion de visitas y viajes.

Administration Service

The goal of this service is to maintain the administra-
tive structure of the institute according to the highest
standards of efficiency, optimal use of resources and
rational planning. This service is of crucial importance
in order for the institute to achieve its scientific goals,
given the intense activity developed, such as the hir-
ing of postdoctoral and predoctoral researchers, the
organization of seminars, colloquia, workshops, and
research programs or the administration of visits and
travels.

Administracion / Administration

Jefa / Head

Congresos / Workshops

Viajes, Recursos Humanos / Travel, HHRR

Gestion proyectos “Multidark”, “Invisibles /
“Multidark”, “Invisibles” Grant Managers

Servicios del CFTMAT

El CFTMAT proporciona servicios comunes a los dos

institutos IFT e ICMAT situados en el edificio.

Isabel Pérez

Monica Vergel

Ménica Encinas, Maria Hortal

Susana Hernandez
Tiina Timonen

CFTMAT
The CFTMAT provides common services for the two in-
stitutes located in the building, the IFT and the ICMAT.

Servicios del CFTMAT / CFTMAT Services

Gerente / Manager

Apoyo / Support

Director Biblioteca / Library Director

Amalia Aneiros(- 03/2015), Marta Sanchez(06/2015-)

Elena Barreda, Lucrecia Bergua

Ricardo Martinez

Mantenimiento / Maintenance
Recepcion / Reception
Seguridad / Security
Limpieza / Cleaning
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Research Personnel

34



annual report 20195

<o)
m 3



anmoa g 2010




annual report 20195

37



anmoa g 2010

38






Edificio
Building

Instituto de Fisica Tedrica - IFT maore info x

Universidad Autbnoma de Madrd Cantoblanco
C/ Nicolds Cabrera, 13-15, 28049 Madnid

912 9998 00

LHUT-C5C. 85

Be the first to review

Directions ~ Search nearby Save tomap marg~

40



Desde enero de 2011 el IFT ocupa un ala de un edificio
de nueva construccién en el campus de la Universidad
Auténoma de Madrid (ver la ubicacion en el mapa a
continuacion). EI IFT, junto con el Instituto de Ciencias
Matematicas (ICMAT) que ocupa el otro ala, conforma
el Centro de Fisica Tedrica y Matematicas CFTMAT.
Ambos comparten las dreas comunes que acogen
una biblioteca, cafeteria, auditorio, aulas de seminarios
y docencia, centro de procesamiento de datos,
Recepcion y Gerencia.

El edificio, de 6 plantas, cuenta con instalaciones total-
mente modernas. Ofrece despachos individuales para
todos los investigadores permanentes y RyC, oficinas
de ocupacion doble para investigadores pos-doctorales
y despachos de ocupacion cuadruple para estudiantes
de doctorado. Asimismo hay despachos para visitantes
y participantes en los congresos y programas del IFT .
El equipo de computacion cientifica y la biblioteca es-
tan en el sétano.

Hay varias salas de conferencias disponibles con equi-
pamiento audiovisual del nivel técnico mas moderno. El
IFT tiene su propia sala de reuniones con una capaci-
dad de 80 plazas, denominada Sala Roja. Asimismo, y
de forma compartida por el IFT y el ICMAT, cuenta con
una sala de conferencias con una capacidad de 150
plazas, la Sala azul, y tres aulas mas pequefas con
capacidad entre 20 y 30 plazas. La Sala Azul se utiliza
para talleres y conferencias mas grandes mientras las
aulas méas pequefias se usan para las clases del pro-
grama de Master en Fisica Tedrica, y para discusiones
cientificas. Por ultimo, una gran sala de conferencia si-
tuado entre las dos alas de el edificio y un aforo de 250
plazas permite la celebracién de congresos grandes.
Por ejemplo, la reunién inaugural del IFT en diciembre
de 2011, o los recientes congresos “String Phenome-
nology 2015” e “Invisibles 2015”.
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Since January 2011 the IFT occupies a wing a new
building on the campus of Universidad Auténoma de
Madrid (see location in the map below). The IFT, to-
gether with the Institute of Mathematical Sciences (IC-
MAT) which occupies the other wind, forms the Center
for Theoretical Physics and Mathematics CFTMAT.
Both share common areas including a large auditorium,
seminar and teaching rooms, a library, cafeteria, com-
puter centre, Reception and Management

The 6-stories building features world class infrastruc-
ture. It offers single occupancy offices for all perma-
nent and RyC researchers, double occupancy offices
for postdoctoral researchers and quadruple occupancy
offices for PhD students. There are also offices for vis-
iting professors, and workshop participants. The High
Performace Computing equipment and the library are
located at the basement level.

There are several lecture halls with state of the art
audio-visual equipment. IFT has its own seminar room
with a capacity of 80 seats, known as the Red Room.
A larger conference room with a capacity of 150 seats,
the Blue Room, and three smaller lecture halls with ca-
pacities of 20-30 seats are jointly used by IFT and CFT-
MAT. The Blue Room is used to host larger workshops
and conferences whereas the smaller rooms are used
for the lectures in the Master program in Theoretical
Physics. Finally a large 250-seats lecture hall located
between the two wings of the building allows the cel-
ebration of fairly big conferences. For instance, the IFT
inaugural meeting in December 2011, and the recent
conferences “String Phenomenology 2015” and “Invisi-
bles Workshop 2015”.



amuan reporn 2019

La gran sala de conferencia durante el el congreso in- The large conference hall during the inaugural confer-
augural del nuevo edificio del IFT en 2011. ence of the IFT new premises in 2011.
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Arriba a la izquierda: Sala Azul, con aforo de 150 pla-
zas, utilizada para coloquios, congresos y reuniones de
tamafio medio. .

Arriba a la derecha: Seminario en la Sala Roja del IFT
Tiene una capacidad de 80 plazas y es el lugar de
nuestros seminarios semanales.

Izquierda: Biblioteca de Fisica y Matematicas “Jorge
Juan del CFTMAT:

Upper left: 150-seats Blue Room is used for IFT col-
loquia, larger workshop or medium sized conferences.

Upper right: IFT seminars are usually hold in the IFT
80-seats Red Room.

Left: "The CFTMAT Physics and Mathematics Library
“Biblioteca Jorge Juan”:



Computing

El cluster HYDRA de tipo Beowulf del IFT/
The Beowulf type cluster HYDRA at IFT
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El edificio IFT esta equipado con un moderno Cen-
tro de Procesamiento de Datos (CPD) con capacidad
para varios equipos de computacion de alto rendi-
miento (HPC) unidades. El CPD tiene unos 70mz, y
su equipamiento cuenta con: suelo técnico elevado,

maquinas de climatizacion y humedad redun-
dantes, un sistema de alimentacién ininterrum-
pida que proporciona 150Kvas de potencia,

un grupo electrégeno y un sistema de extincion de in-
cendios por gas.

Estas instalaciones de Computacion Cientifica son
esenciales para varias lineas de investigacion en Fi-
sica Tedrica, por ejemplo calculos de precision en el
Modelo Estandar o sus extensiones, predicciones de
nueva Fisica en el LHC, simulacién y estudio de estruc-
turas a gran escala en el Universo, etc. Algunos de los
principales equipos del IFT son:

- El cluster Hydra, adquirido en 2009. Inicialmente
se componia de 34 nodos Intel® Xeon® E5540 y se
completé en 2011 y 2012 con dos blades con18 nodos
(Intel® Xeon® E5645 and Intel® Xeon® E5-2640) El
sistema incluye un sistema de almacenamiento LUS-
TRE que permite un servicio de datos en paralelo a los
nodos, capaz de soportar flujos intensos de lectura/es-
critura. El sistema se completa con una red Infiniband.
Hydra es en la actualiada la principal instalacién de
computacion cientifica del IFT, con aproximadamente
80 usuarios registrados. Su contribucién a los resul-
tados de investigacion del IFT se refleja en las varias
docenas de publicaciones que presentan resultados
obtenidos con Hydra, y que acumulan mas de un millar
de citas.

- El cluster Galilea, de los proyectos PAU y DES, que
consiste en 4 Unidades de Procesamiento Grafico Tes-
la C2070, con 448 cores de procesamiento CUDA cada
una, y una memoria compartida con 160 cores Intel(R)
Xeon(R)y 1 TB de RAM.

La financiacion para la adquisicion de estos equipa-
mientos proviene de varios proyectos de investigacion
del IFT, el Plan Estratégico del CSIC, la Comunidad de
Madrid y el proyecto Severo Ochoa.

Ademas de estos recursos locales, el IFT ha partici-
pado en varias solicitudes de tiempo de maquina en
instalaciones de computacion a gran escala, a través
del Consorcio PRACE y de la Red Espafiola de Su-
percomputaciéon. Como resultado, los grupos del IFT
han participado en iniciativas que suman mas de 100
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The IFT building is equipped with a modern Center
for Data Processing (DPC) with capacity for sev-
eral High Performance Computing (HPC) units.
The CPD has a size of approximately 70m?2, includ-
ing its equipment features: high technical ground,
machines and redundant climate humidity , an uninter-
ruptible power supply that provides power 150Kvas ,
a generator and a system of fire extinguishing gas

These HPC resources are key facilities to several
areas of research in Theoretical Physics --- includ-
ing precision calculations in the Standard Model and
its possible extensions, predictions for New Physics
searches at the Large Hadron Collider, simulations
and studies of the Large Scale Structure of the Uni-
verse, etc. Some of the existing machines currently
run by our group are:

- The Hydra general-purpose cluster, acquired in
2009. It was was composed originally of 34 nodes
(Intel® Xeon® E5540), and was upgraded in 2011
and 2012 with two additional blades consisting of 18
nodes (Intel® Xeon® E5645 and Intel® Xeon® E5-
2640). The system includes a LUSTRE storage sys-
tem that allows to serve a high performance parallel
file system to the computer nodes, capable of with-
standing intense read/write processes. The solution
is completed with an Infiniband network. Hydra has
been the main local computational asset at IFT dur-
ing recent years (around 80 registered users at pres-
ent), contributing substantially to the IFT research out-
come: since 2012, these resources are acknowledged
in dozens of publications, with a total above one thou-
sand citations.

- The cluster Galilea, from the PAU and DES Surveys,
consisting of 4 Tesla C2070 Graphics Processing
Units (GPU), with 448 CUDA processing cores each,
and a shared memory machine with 160 Intel(R)
Xeon(R) cores and 1 TB of RAM.

The funding for acquiring these computing resources
has come from joint funds from several of the IFT R&D
projects, the Strategic CSIC Plan, the Regional Gov-
ernment of Madrid (CAM), and the Severo Ochoa Ex-
cellence Program.

Apart from these local resources, our group has
taken part in recent years in several successful ap-
plications for resources in large-scale HPC facilites,
both through the European PRACE Consortium and
through the Spanish Supercomputation Network. As
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millones de horas de CPU en los principales centros
de Computacion en Europa (JUQUEEN, SuperMUC y
HLRN en Alemania; Fermiy Galileo en Italia; MareNos-
trum, Altamira y FinisTerrae en Espana; etc.)

Ademas del gran equipamiento de Computacion Cien-
tifica, el IFT dispone de una rica infraestructura de tec-
nologia de la informacién, que sostiene su actividad de
investigacion y automatiza diversos procesos adminis-
trativos: tramites administrativos en la intranet del IFT,
tramitacion de solicitudes de puestos predoctorales
y postdoctorales (aproximadamente 400 solicitudes
postdoctorales por afio), organizacion de seminarios y
workshops, la nube de almacenamiento del IFT, y la
nueva Web del IFT y sus servicios. Todas las infraes-
tructuras mencionadas se basan en servidores VPS al-
bergados en dos sistemas de virtualizacion adquiridos
con fondos del proyecto Severo Ochoa.

Los detalles sobre los recursos de HPC y de gestion se
pueden encontrar en la pagina web:
http://www.ift.uam-csic.es/hydra/
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a result, we have been involved in efforts totalling well
above 100 million cpu hours at the main HPC centers in
Europe (JUQUEEN, SuperMUC and HLRN in Germa-
ny; Fermi and Galileo in Italy; MareNostrum, Altamira
and FinisTerrae in Spain; etc.).

In addition to the HPC equipment, the IFT enjoys at
present a rich infrastructure of information technology
that supports the research activity and automates vari-
ous aspects of everyday life in the IFT: management
and administration tasks, most notably the IFT intranet;
management software for predoctoral and postdoctoral
applications (every year we have over 400 of the lat-
ter); software for seminar and workshop organisation;
the IFT storage cloud, where members of the IFT can
store and share information among themselves and
with other researchers in different institutions; and most
importantly the IFT Web sites and Web services. All
the mentioned infrastructure is based on VPS servers
hosted on two systems of virtualisation acquired with
funds of the SO Programme.

Details on the HPC resources and management can be
found in the Webpage:
http://www.ift.uam-csic.es/hydra/
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Resumen
Summary

Aqui proporcionamos una vision general y completamos la informa-
cion que figura en detalle en las siguiente paginas.

La actividad principal del IFT es la investigacion cientifica en el nivel
mas alto. Esto se refleja en las 175 publicaciones cientificas produ-
cidas en 2015, y publicadas en revistas internacionales del mas alto
nivel en el campo de fisica tedrica.

Un miembro del IFT (Tomas Ortin) ha publicado la segunda edicién
de su libro “Gravity and Strings” en Cambridge University Press,
confirmado su status de texto de referencia en el campo.

Los miembros del IFT han participado en comités internacionales
del mas alto nivel. Belén Gavela pertenece al Comité de Politica
Cientifica del CERN, Luis Ibanez es miembro de la ECFA (European
Committee for Future Accelerators) y el Panel de Altas Energias
de European Physics Society. Alfredo Poves ha sido nombrado
miembro de la Academia de Europa. Por ultimo, cuatro miembros
del IFT son editores de la prestigiosa revista JHEP, un hito sin igual
entre las instituciones a nivel mundial. EI IFT ha firmado dos nuevos
acuerdos internacionales en 2015.

El IFT han organizado 10 congresos, 2 programas extendidos y
una escuela avanzada en 2015, con un total de varios cientos de
participantes internacionales. Estas actividades han establecido el
IFT como un centro internacional para el intercambio cientifico.

El IFT ha albergado 41 seminarios, 2 coloquios, y multiples discu-
siones cientificas en formato de journal club.

El IFT participa en el programa de Posgrado en Fisica Tedrica del
Departamento de Fisica Tedrica de la UAM con docencia en los cur-
sos de Master, y la organizacion de 6 cursos de doctorado en 2014-
15. Esto garantiza un flujo constante de estudiantes de doctorado
en IFT. En 2015 se han completado 4 tesis doctorales.

La transferencia de conocimiento al publico general se logra a tra-
vés de un intenso programa de divulgacion. En 2015 hay 11 cola-
boraciones con los medios de comunicacion, y mas de 50 charlas y
otras actividades en centros de ensefianza secundaria. Se realizé
una actividad de Arte y Ciencia con el Museo Thyssen-Bornemisza,
la jornada conmemorativa “100 afos de la Relatividad General” en
el CSIC, 13 coloquios para el publico en general en diversos ambi-
tos. Asimismo se ha comenzado la elaboracién de videos de ani-
macion divulgativos sobre los temas de investigacion del IFT, con
un gran éxito en su difusion en el canal Youtube del IFT.
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Here we give an overview and complete the information
displayed in the following pages.

The main activity of the IFT is scientific research at the
highest excellence level. This is reflected in the 175 scien-
tific publications in 2015, published in the leading interna-
tional journals in theoretical physics.

IFT member Tomas Ortin published the second edition
of his book “Gravity and Strings” in Cambridge University
Press, confirming its status as standard reference book in
the field.

IFT members participate in the most reputed international
committees. Belén Gavela belongs to the CERN Scientific
Policy Committee, Luis Ibafez is member of ECFA (Euro-
pean Committee for Future Accelerators) and the High En-
ergies Panel of the European Physics Society. Finally, four
members of IFT are editor of the prestigious journal JHEP,
an unequaled feat in institutions world-wide. The IFT has
signed two new international agreements in 2015.

The IFT has hosted 10 workshops, 2 extended programs
and one advanced school in 2015, bringing in hundreds of
international visitor and participants. These activities situate
IFT as an international reference for scientific exchange.

The IFT has organized 41 seminars, 2 colloquia and many
scientific discussions in the journal club format.

The IFT participates in the Posgraduate Program of the
UAM Theoretical Physics Department, with teaching in the
Master Program courses, and the organization of 6 PhD
courese in 2014-15. This guarantees a constant influx of
PhD students at the IFT. A total of 4 PhD thesis were suc-
cessfully completed at the IFT in 2015.

Transferring knowledge to the general public is achieved
via the outreach program. In 2016 there where 11 col-
laborations with mass media, and over 50 outreach talks
and activities in the High School sector. We organized an
Arts&Science activity with Thyssen-Bornemisza Museum,
the anniversary “100 years of General Relativity”, 13 collo-
quia for the general public. The IFT also started the elabo-
ration of a series of outreach animation videos, with enor-
mous success in its Youtube channel.



Plan estratégico 2014-2017

El Instituto de Fisica Tedrica elabord, como los demas
Institutos del CSIC, el Plan Estratégico para el perio-
docuatrianual 2014-2017 El Plan incluye un balance
de los recursos y resultados obtenidos previamente
y una serie de objetivos a alcanzar para el periodo
en cuestion. En dicho plan el Instituto se estructu-
ré en base a las siguientes lineas de investigacion:

anmual meport 2019

Action Plan 2014-2017

As other CSIC institutes the IFT presented its Stra-
tegic Plan for the four-year period 2014-2017. The
Plan included a balance of previous activities and
resources and a list of goals for the period in ques-
tion. In that document The research activities of the
Institute were structured into the following lines:

LINEAS DE INVESTIGACION DEL IFT / IFT RESEARCH LINES

Origin and Composition of the Universe
Origin of Mass
Quantum Field, Gravity and Strings

A W N =

Theoretical Condensed Matter and Quantum Information

ACUERDOS INTERNACIONALES / INTERNATIONAL AGREEMENTS

El IFT mantiene Acuerdos Internacionales para inter-
cambio de visitantes con varias instituciones. En 2015,
se han suscrito dos nuevos Acuerdos, con ICTP-SAIFR
y SISSA.

Los Acuerdos Internacionales del IFT activos en 2015
son:

Abdus Salam International Centre for
Theoretical Physics, Trieste

(CTP

Kavli Institute for Theoretical
Physics, China

The IFT maintains International Agreements for visitor
exchanges with different institutions. In 2015 there are
two new Agreements, with ICTP-SAIFR and SISSA.,

The existing Agreements in 2015 are:

International Centre for Theoretical Physics,
South American Institute for Fundamental

Research, Sao Paulo

Scuola Internazionale Superiore di
Studi Avanzati




Recursos Econdmicos
Economic Resources

Como organizacion sin animo de lucro y dedi-
cada a la investigacion basica, la financiaciéon del IFT
proviene enteramente de organismos publicos nacio-
nales y extranjeros. Distinguiremos en lo que sigue la
parte del presupuesto obtenida de forma directa de
las instituciones madre (UAM y CSIC) de la que resul-
tante de captacion de recursos en procesos competiti-
VOS.

Financiacion directa

Parte de financiacion del Instituto esta inclui-
da en el anexo anual al convenio de creacion que fija el
presupuesto del IFT y que aportan los dos organismos
madre (CSIC y UAM) Esta financiacion se ha mante-
nido estable en el rango de los 400.000 euros en los
ultimos afos, sin incluir los salarios del personal del
IFT. El presupuesto directo para 2015 fue de 436.662
euros

Financiacion Competitiva

En la tabla siguiente se muestran los princi-
pales proyectos que financian la investigacion del IFT,
obtenidos de distintos organismos por medio de con-
cursos competitivos, y activos durante 2015 .
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As a non-profit organization dedicated to
fundamental research, the funding of IFT comes en-
tirely from national or international public institutions.
We will distinguish in what follows the part of the IFT
budget which is assigned directly by our mother in-
stitutions (UAM and CSIC) from that resulting from
external resources obtained through a competitive
process.

Direct budget

Part of the funding of IFT is included in the annual an-
nex to the Constitution Agreement that fixes its yearly
budget, and which is directly transferred by its host
Institutions (UAM and CSIC). This direct budget has
remained stable in the range of 400.000 euros in the
last few years, not including salaries for IFT members.
The direct budget approved for 2015 was 436.662 eu-
ros.

Competitive Funding

The tables show the main grants and programs which
finance the research activities at the IFT, active in
2015. These grants are awarded after a competitive
process involving external panel reviews. .



Grant

Acreditacion Centro de Excelencia
Severo Ochoa

String Phenomenology in the LHC
era

UV completion through Bose-
Einstein condensation: A quantum
model of black holes

Invisibles

Multimessenger approach for Dark
Matter, Multidark

Fisica de Particulas Elementales
Teoria de campos y cuerdas

Dinamica de acoplo fuerte en la
frontera de la Fisica de Particu-
las

Astroparticulas en el Universo

Gravedad, supergravedad y super-
cuerdas

Fenomenologia mas alla del Mo-
delo Estandar e implicaciones

Materia cuantica topoldgica: en la
frontera entre materia condensa-
da, dptica cuantica e informacion
cuantica

Fisica fundamental y Cosmologia
con cartografiados extragalacticos

Descubriendo el lado oscuro del
universo con los grandes cartogra-
fiados extragalacticos

Flavour, Unification and Symme-
tries from Strings

Neutrinos and other probes for
new physics

Holographic lattices and quantum
phase transitions

Quantum integrability, conformal

Ref. Agency. P.l

Proyectos activos en 2015 / Active grants in 2015

SEV-2012- Ministry Luis Ibanez

0249

ERC- EU Luis Ibahez

2012- ADG-

20120216

ERC-2013- EU César Gomez

ADG-010168

PITN-GA- EU Belén Gavela

2011-289442 (Global Coord.)

CSD2009- Ministry Carlos Munoz

00064

FPA-2012- Ministry Enrique Alvarez

31880

FPA-2012- Ministry Angel M. Uranga

328828

FPA-2012- Ministry Margarita Garcia

31686 Pérez

FPA2012- Ministry Carlos Mufoz

34694

FPA2012- Ministry Tomas Ortin

35043

FPA2013- Ministry Jesus Moreno

44773-P

FIS-2012- Ministry Belén Paredes

33642

FPA2013- Ministry Juan Garcia-

47986 Bellido

AYA2014- Ministry Francisco Prada

60641

PCIG10-GA- EU Fernando

2011-304023 Marchesano

PCIG11-GA- EU Enrique

2012-321582 Fernandez

MSCA-IF- EU Ya-Wen Sun

2014-659135

2011-IRSES- EU German Sierra

295234

field theory and topological quan-
tum computation
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Total

4.000.000,00 €

1.496.000,00 €

304.825,20 €

3.823.903,00€

3.200.000,00 €

347.490,00 €

314.730.00 €

127.530,00 €

121.680,00 €

97.110,00 €

72.000,00 €

98.280,00 €

72.600,00 €

90.750,00 €

87.500,00 €

160.000 €

170.122,00 €

58.600,00 €

D. P.

2013-
2017

2013-
2017

2014-
2019

2012-
2016

2009-
2015

2013-
2015

2013-
2015

2013-
2015

20183-
2015

2013-
2015

2014-
2016

2013-
2015

2014-
2016

2015

2012-
2015

2013-
2017

2015-
2017

2012-
2016



Publicaciones Cientificas
Scientific Publications

En esta seccion recogemos los articulos pu- In this section we list the papers published
blicados por miembros de nuestro Instituto durante el Py members of our Institute in 2015.
ano 2015.
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1.

T. Ortin, “Gravity and Strings”. 1048 pags, Cambridge Monographs on Math-
ematical Physics. Cambridge University Press, 2015.

Self-contained and comprehensive, this definitive new edition of Gravity and Strings is a unique re-
source for graduate students and researchers in theoretical physics. From basic differential geometry
through to the construction and study of black-hole and black-brane solutions in quantum gravity - via
all the intermediate stages - this book provides a complete overview of the intersection of gravity,
supergravity, and superstrings. Now fully revised, this second edition covers an extensive array of
topics, including new material on non-linear electric-magnetic duality, the electric-tensor formalism,
matter-coupled supergravity, supersymmetric solutions, the geometries of scalar manifolds appearing
in 4- and 5-dimensional supergravities, and much more. Covering reviews of important solutions and
numerous solution-generating techniques, and accompanied by an exhaustive index and bibliography,
this is an exceptional reference work
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Programas, Congresos y Talleres
Programs, Workshops
and Conferences




El Instituto de Fisica Tedrica UAM/CSIC con-

cede una gran importancia a la organizacion de re-
uniones cientificas. Por un lado permiten a nuestros
miembros discutir con los principales expertos mundia-
les los ultimos avances en los distintos temas de inves-
tigacién. A su vez, estas reuniones son un importante
escaparate de nuestro Instituto y sus actividades.
En consonancia con esta opinién el Instituto organiza
un nuamero considerable de talleres y conferencias, asi
como programas extendidos en el marco del proyecto
Severo Ochoa. Merece especial menciéon la Conferen-
cia anual denominada "Taller de Navidad" que ya va
por su 212 edicion. Dicha conferencia es una de las
actividades que llevé a cabo el Instituto desde sus ini-
cios y su celebracion es simbdlicamente como nuestro
cumpleanos.

A continuacién mostraremos aquellas reunio-
nes cientificas de caracter internacional organizadas
enel IFT.

2014-15 Workshops and Programs at
Instituto de Fisica Tedrica UAM-CSIC Madrid

ift

ttpc/ e it Lam-ceio. ae/anprograma/all ‘\;‘wm.mmmmwm

niFTy Gosm

logy HEFT2014- Higgs Effective Fisld Thoories.
30th June - 18th July 2014

27th - 30th Ssptember 2014

Fine tuning, Anthropics and the String
Landscape
Btr-10th October 2014

Physics Challenges in the face of LHG-14
16th - 26th Saptember 2014

Identification of Dark Matter with a

‘approach

cross-disciplinary Cosmaology with Galaxy Clusters in the
27th Aprl - 16th May 2016

XX camtury
AtheTin November 2014
aNLargs Horizons

18th May - 6t Juns 2016 KX IFT UAM-CSIC Xmas workshop
10th-12th Decamber 2014

2nd-4zh March 2016

for 2015-
‘submitted until December 31st 2074,
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‘String Phenomenaclogy 2015
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Btn - 12th June 2015

Invisibles *15 School
mllel-‘rl'ﬂ)gm 16th - 19 Juns 2016
The IFT UAM-GEC Madrid hosts esveral

Programa per year in Parficle Phyzics, Azino-
particies and Goamology Esoh Program

Invisibles *15 Workshop
271h June 2016
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of timsty interest. The IFT Programe foster
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The Institute of Theoretical Physics UAM/
CSIC gives special importance to the organization of
scientific meetings. On one side, this allows our mem-
bers to discuss with the leading world experts about
the latest advances in the different lines of research.
On the other hand, they enhance the visibility of our
Institute and its activities. Hence the Institute organizes
a substantial number of conferences, workshops, and
also extended programs in the framework of the Severo
Ochoa grant. We specially mention the annual “X-mas
workshop” conference, already at its 21st edition. This
workshop is one of the activities developed since the
beginning of our Institute, and its celebration symboli-
cally signals our birthday.

In the following we display the relevant data
for international meetings organized by the IFT in 2015

2015-16 Workshops and Programs at

Instituto de Fisica Tedfica -CSIC Madrid
DES “Dark Energy Survey / on F Thal
Madrid 2015 / Physics
&t - @th October 25 4th - Gh Apri 2ME
Windows on Quantum Gravity Season Viiberian Meeting on Gravitational Waves
28th-30th October 2HE 11th - 13th April 2016
IV Postgraduate Mesting on Theorstical ‘Workshop on Strings & LHG
Physics Workshop September 2016
18th-20th Movember 2015

IFT PROGRAM: New horizons in observa-
tional cosmology: GMB polarization, 21
©m at large redshift and dark energy sur-

1BS-Multidark joint workshop on Dark
Matter
23n-2Bth Movembar 2015

veys.
041 IFT UAM-GSIC Xmas workshop June-July 2016

Gin-11th December 2015

Iberian Strings Workshop s
Z7th-28th danuary 2HE

.
P

Proposals for Programs 2018-17 can be
submitted untll December 315t 2016.
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Programas Extensos
Extended Programs
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IDENTIFICATION OF DARK
MATTER.WITH A
CROSS-DISCIPLINARY

APPROACH;
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26/04-15/05/2015

Thanks to fast-paced experimental developments, the field of dark matter research is experiencing a flourishing
which might well lead, in the next few years, to the identification of the fundamental particle nature of dark matter.
Rapid progress is being driven by three momentous forces: a wide-ranging international effort in direct dark matter
detection, which utilizes a diverse set of experimental techniques and of target materials to look for the scattering
of dark matter with “ordinary” matter; a generation of space-based missions entering their mature stage (inclu-
ding Fermi, PAMELA and Planck) driving the search for the annihilation or decay debris of dark matter (indirect
detection) and producing even more precise constraints on the dark matter cosmological abundance; and the full
deployment of science operations at the Large Hadron Collider (LHC), with its promises for a revolutionary unders-
tanding of new physics beyond the Standard Model, after the momentous discovery of the Higgs. In addition, para-
llel theoretical progress includes the exploration of new theories for dark matter, including some tailored to recent
experimental results, and numerous investigations of the phenomenological implications of theoretically compelling
particle physics scenarios.

The scope of the proposed research program is to bring together theorists and experimentalists involved in sear-
ches for new physics at the LHC with physicists specializing in direct and indirect searches for dark matter, as well
as cosmologists, at what we deem to be a critical point in time.

The format of the workshop will include plenty of time for informal discussions, office space for all partcipants,
maximum one topical seminar per day. The workshop is aimed at promoting informal discussion and spark new
collaborations

URL:
https://workshops.ift.uam-csic.es/IDMCDA
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eNLarge Horizons
18/5-5/6/2015

This workshop aims at gathering together researchers working on Large N gauge Theories from different pers-
pectives.

Topics
The workshop will cover various topics including the following:

Phenomenological applications of large N gauge theories
Large N gauge theories on the lattice

Volume independence/large N equivalences/Matrix models
Gravity duals/AdS-CFT correspondence/Connection with
String theory

Other aspects: High order perturbation theory/resurgence/etc

DATES/DURATION
The Workshop will last for three weeks starting on the 18th of May 2015

FORMAT
The first two weeks will have a relaxed and interactive atmosphere, with few seminars and more discussions.
The final week (1-5 June 2015) will have the format of a Conference with a higher load of talks.

URL:
https://workshops.ift.uam-csic.es/NLHIFT
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Invisibles’15 School
14-20/06/2015

The Invisibiles 15 Schools precedes Invisibles 15 Workshop. In this editio the focus of the school is collider phy-
sics, flavour and BSM phenomenology. Lecture topics include:

- Effective field theories,

- BSM physics,

- LHC phenomenology,

- LHC tools,

- LHC experimental aspects,

- Flavour physics.

There is also a poster session where all students are welcome to participate bringing their own poster on their
research.
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Congresos y Talleres
Workshops and Conferences
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04-04/03/2015

Quantum entanglement has become a central focus point at the crossroads of quantum information theory, con-
densed matter theory and quantum gravity. This workshop aims at entangling a set of leading experts from these
fields in a free discussion of recent resuts and ideas on this most exciting research area.
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21-25/04/2015

The LHC Working Group on Forward Physics and Diffraction is a forum for:

* interaction between theorists and experimentalists from the LHC experiments about forward physics

* definition of a physics programme for diffraction either using the rapidity gap method or proton tagging

* definition of a common strategy among the different LHC experiments (special runs ...)

* discussion of the different forward detectors (roman pots, movable beam pipes, timing and position detectors)
* application to cosmic ray physics

URL:
https://workshops.ift.uam-csic.es/LHCFPWG2015
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STRING PHENO 2015
8-12 JUNE, MADRID
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String Phenomenology 2015
08-12/06/2016

String theory provides a unified framework to describe the matter particles and fundamental interactions consist-
ently at the quantum level. String phenomenology is the branch of string theory that aims to connect this subject
to particle physics and cosmology. As we approach the new LHC run, and as new observational data refine our
understanding about the early universe, this is a most timely moment to explore the connections between the
properties of string compactifications and the forthcoming new data.

String Pheno 2015 will be an opportunity for bringing together researchers aiming to connect fundamental and
observable physics. The conference includes invited plenary talks as well as parallel sessions. We particularly
welcome and encourage the participation of younger researchers.

This is the 14th conference in the String Phenomenology Conference series.

URL: https://workshops.ift.uam-csic.es/stringpheno15
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Invisibles ‘15 Workshop
17/06/2016

The Invisibles15 Workshop follows Invisibles15 School, and it will be organized in collaboration with the
Thyssen-Bornemisza Museum (Madrid) with scheduled meetings at both the IFT (Universidad Autdno-
ma de Madrid campus, 2 full days) and the museum itself (3 full days). The workshop starts early on Mon-
day 22nd and finishes late on Friday 26th: participants are encouraged to stay until Saturday in view of
the special event on Friday evening. The focus of the workshop will be on the interfaces between the phy-
sics of the visible and the invisible (neutrinos, dark matter and Beyond the Standard Model Physics) sectors:

Invisibles meets collider and Higgs physics
Invisibles meets CPV: axions

and neutrino CP searches

Flavour interface: quarks, leptons and dark matter
Invisibles in Astrophysics

Invisibles in Cosmology

URL:
http://indico.cern.ch/event/351600/
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SDSS-IV Collaboration Meeting
IFT UAM-CSIC, Madrid, 20-23 July 2015

S5DSS-V Catches the Rise
of Dark Energy

More mformation:
bttpworkshops. ift vam-csi
Susana Hernandez (sdesd
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SDSS-1V Collaboration Meeting
20-23/07/2015

The 2015 SDSS-1V Collaboration Meeting is jointly organized by the Instituto de Fisica Teérica IFT UAM-CSIC
and the Instituto de Astrofisica de Canarias and will be hosted by the Instituto de Fisica Tedrica IFT UAM-CSIC in
Madrid, Spain, from Monday, July 20th to Thursday July 23rd, 2015.

URL:
https://workshops.ift.uam-csic.es/sdss4madrid

APOGEE-2

A stellar survey of the Milky Way, with | A cosmological survey of quasars| The galaxy survey for people who love
twao major compaonents: a northern and galaxies, also galaxies! MaMNGA (Mapping Mearby
sunvey using the bright time at APO, encompassing subprograms to | Galaxies at Apache Point Observatory) will

and a southern survey using the 25m | surveyvariable objects (TDSS) explore the detailed internal structure of

du Pont Telescope at Las Campanas. | and X-Ray sources (SPIDERS). nearly 10,000 nearby galaxies using

spatially resolved spectroscopy.
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Dark Energy Survey Collaboration Meeting
05-09/10/2015

This is the biannual meeting of the Dark Energy Survey Collaboration, held at the Institute of Theoretical Physics
(IFT) in the Universidad Autonoma de Madrid (UAM), from October 5th to 9th 2015.

URL:
https://workshops.ift.uam-csic.es/desmeetingmadrid
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28-30/10/2015

This the second meeting of the “Windows on quantum gravity” series, held for the first time in 2008. The recent
success of WMAP and Planck experiments triggered a new wave of interest in the foundations of primeval cos-
mology. In particular, since the inflationary process may involve very high energy scales, quantum gravity effects
may play an important role in the construction of consistent scenarios. Those experiments also confirmed that the
universe is currently undergoing an accelerated expansion. No satisfactory theoretical explanation for he latter is
known, which may be a hint towards a mysterious relation to the other aspect of gravitation which is not completely
understood: its quantum properties. In the near future, further experiments will hopefully clarify the way in which
cosmological observations can help in our understanding of quantum gravity. With the previous motivations in
mind, we will devote this workshop to discuss different models of gravity inspired by quantum gravity: GR, dilaton
and scalar-tensor gravity, higher-derivative and F(R) gravity, Lorentz-symmetry broken gravity and string-inspired
gravity. We aim at presenting an overview of the models and methods to study them. The emphasis will be in their
possible role in cosmology - in particular possible quantum effects- to describe the early universe (inflation and
alternatives thereof) and late-universe (dark energy).

URL:
https://indico.cern.ch/event/373935/
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18-20/11/2015

This year’'s meeting will be the fourth in the series of encounters organized every year at different Spanish institu-
tions since 2012. The first edition took place at University of Barcelona, while successful sequels were celebra-
ted at IFT and Santiago de Compostela University in 2013 and 2014 respectively.

The spirit of this fourth meeting remains faithful to the previous editions. Our aim is to allow theoretical physics-
oriented (in a relatively broad sense) PhD students and young postdocs from European institutions to explain
their research projects in an informal environment and to establish collaborations and/or bonds among them. We
encourage young researchers to participate (contributing with a talk/poster or not).

The speakers will be selected from the participants themselves. We expect the talks to cover a wide range of
topics in modern theoretical physics. This includes but is not restricted to:

Particle Physics, (Classical and Quantum) Gravity Theories, String Theory, AdS/CFT,
Quantum Information, Condensed Matter Theory, Cosmology,
Astrophysics, Lattice Gauge Theories, etc.

As a novelty, in this year’s edition we will have three review talks by local senior speakers covering general interest
topics in theoretical physics:

Karl Landsteiner on From the Quark Gluon Plasma to Weyl semi-metals on a superstring.
Alberto Salvio on The LHC, Cosmology and the Origin of Scales.
Jose L. F. Barbon on The Black Hole Information Paradox Reloaded.

URL:
https://workshops.ift.uam-csic.es/IVPostgraduteMadrid
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IBS-MultiDark Joint Workshop on Dark Matter and
13th MultiDark Consolider Workshop
23-28/11/2015

The IBS-MultiDark Joint Workshop on Dark Matter is the second event where MultiDark and IBS are sharing
strenghts on the quest on the identification of the Dark Matter. The previous event, IBS-MultDark Joint Focus Pro-
gram: WIMPs and Axions, was in 2014 at the IBS-CTPU, Daejeon, Korea.

The workshop is oriented towards dark matter physics and will cover a wide range of subjects. The aim is to promo-
te the collaboration and exchange of ideas. The list of invited speakers includes theoretical as well as experimental
physicists.

The 13th MultiDark Consolider Workshop will take place simultaneously but focusing more on 27-28 November
2015.

Institutions

- The Institute for Basic Science (IBS), http://www.ibs.re.kr/, comprises 20 centres, including three researching on
particle physics and cosmology:

- Center for Theoretical Physics of the Universe (CTPU), http://ctpu.ibs.re.kr/, Center for Axion and Precision Phy-
sics research (CAPP), http://capp.ibs.re.kr/,Center for Underground Physics (CUP), http://cupweb.ibs.re.kr/

- MultiDark (Multimessenger Approach for Dark Matter Detection), http://www.multidark.es, is the Spanish project
for dark matter searches,

- The Institute for Particle Physics Phenomenology (IPPP), http://www.ippp.dur.ac.uk, is a joint venture of Durham
University and the UK STFC.

URL:
https://workshops.ift.uam-csic.es/IBSmultidark
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XXI Christmas Workshop
09-11/12/2015

This is the 21st edition of our annual Christmas Workshop at IFT-Madrid with 1/2 of the answers to the
ultimate questions of Life, the Universe and Everything!

URL:
https://workshops.ift.uam-csic.es/Xmas15
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Resumen

Una caracteristica tipica de los centros de in-
vestigacion punteros es la de poseer un intenso progra-
ma de visitas y seminarios. Nuestra actividad ha sido
y sigue siendo muy destacada en este terreno como
denota la lista que presentamos a continuacion. El nu-
mero total de seminarios y actividades similares organi-
zadas en el IFT supera la media centena. Resaltamos
que la gran mayoria de conferenciantes provienen de
Institutos y centros de investigacién de fuera de nues-
tras fronteras.

Es de destacar también las estancias prolon-
gadas o sabaticos de destacados investigadores ex-
tranjeros en nuestro Instituto. Son un claro indicador
del interés que el entorno cientifico que proporciona
nuestro instituto despierta en cientificos de otros luga-
res.

Asimismo destacamos los programas de Vi-
sitantes de Excelencia asociados al proyecto Severo
Ochoa:

- El programa de Profesores Distinguidos, investigado-
res de renombre internacional lideres en sus campos.

- El programa de Investigadores Asociados, expertos
internacionales de reconocido prestigio.

- Los programas dedicados de Materia Oscura (asocia-
do al investigador David. G. Cerdefio de IPPP Durham)
y de Informacion Cuéntica (asociado a la investigadora
Belén Paredes, RyC del IFT en excedencia en la LMU
Univ. Munich).
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Overview

A characteristic tract of leading research cen-
tres is the existence of an intense program of seminars
and visits. Our activity has been and continues to be
very high in this aspect, as demonstrated by the list that
we will present. The total number of seminarsand simi-
lar activities organized in our premises is well above 50.
We underline the fact that the vast majority of speakers
belong to foreign institutes and research centres.

We should emphasize also the long-term
stays of prestigious foreign scientists in our Institute.
This is a clear indicator of the interest that the scientific
environment provided by our Institute arises in scien-
tists of other places.

Finally, the IFT has established several Excel-
lence Visitor Programs, in the framework of the Severo
Ochoa grant:

- Dinstinguished Professor Program, for researchers
with established international reputation as leaders in
their fields.

- Associate Researcher Program, for international ex-
perts in their fields.

- The dedicated programs on Dark Matter (associated
to D. G. Cerdefio, at IPPP Durham) and on Quantum
Information (associated to Belén Paredes, IFT tenure-
track on leave at LMU Munich).
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Visitas cientificas al IFT

Research Stays at the IFT

Profesores Distinguidos SO

En el marco del proyecto Severo Ochoa, el IFT
ha establecido el programa de Profesores Distinguidos
SO, de visitantes de reconocido liderazgo y eminencia
en sus campos. La lista de Profesores Distinguidos SO
del IFT es:

Ignacio Cirac,
Max Planck Institute
for Q. Optics, Munich

Gia Dvali,
LMU Munich

Andrei Linde,
Stanford Univ.

Lev Lipatov,
San Petersburg

Herbert Neuberger,
Rutgers Univ.

Lisa Randall,
Harvard Univ

SO Distinguished Professors

Within the framework of the Severo Ochoa
grant, the IFT has established the SO Distinguished
Professor program, to host scientific stays for world-
wide recognized leaders in their research fields. The
list of SO Disntinguished Professors is:

Dmitri Kharzeev,
Strony Brook Univ.

Renata Kallosh,
Stanford Univ.

Slava Mukhanov,
LMU Munich

Luciano Maiani,
U. Roma la Sapienza

{
.t i
Alexei Smirnov,

MPIK Heidelberg
& ICTP Trieste
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Visitas de Profesores Distinguidos SO en 2015

SO Distinguished Professor Visits in 2015

Nombre/Name

Ignacio Cirac
Alexei Smirnov

Dmitri Kharzeev
Herbert Neuberger

Renata Kallosh
Anderi Linde

Lisa Randall

Institucién/Institution

Max Planck Munich

MPIK Heildeberg
ICTP Trieste

Stony Brook
Rutgers Univ.

Stanford Univ
Stanford Univ.

. Harvard Univ

Fechas/Dates

06/03/2015
08-23/04/2015

12-26/05/20152

11/05/2015-
11/06/2015

06-17/06/2015
06-17/06/2015

23-29/06/2015
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IFT Colloguium
IFT Collogium, seminar

IFT Colloquium, eNlarge horizons program
eNlarge horizons program

String pheno 15 conference
IFT Colloquium, String pheno 15 conference

Invisibles 15 workshop



Investigadores Asociados SO

En el marco del proyecto Severo Ochoa, el
IFT ha establecido el programa de Investigadores Aso-
ciados SO, de visitantes expertos de reconocido pres-
tigo internacional en sus campos. La lista de Investga-
dores Asociados SO del IFT es:

» Gerardo Aldazabal,
Instituto Balseiro, Bariloche, Argentina

 Mattias Blennow,
KTH Royal Institute Stockholm

e Maxim Chernodub,
CNRS Tours Univ.

» Kiwoon Choi,
CTPU, Institute for Basci Science, S.Korea

* Antonio Delgado,
Notre Dame Univ, USA

e José Ramén Espinosa,
ICREA & IFAE, Barcelona

* Anamaria Font,
Universidal Nacional Caracas

« Jaume Gomis,
Perimeter Institute

» Concha Gonzanez-Garcia
ICREA & U. Barcelona & Stony Brook

» José Gracia Bondia,
Universidad de Zaragoza

e Sven Heinemeyer,
IFCA, Santander

* Pilar Hernandez,
IFIC, Valencia

¢ Alejandro Ibarra,
T.U. Munich

* Anatoly Klypin,
New Mexico State Univ., USA

* Yolanda Lozano,
Universidad de Oviedo

SO Associate Researchers

Within the framework of the Severo Ocho
grant, the IFT has established the SO Associate Re-
searcher program, to host scientific stays for internatio-
nal experts in their research fields. The list of SO Asso-

ciate Researchers is:

e Marcos Marifio,
Geneva University.

¢ Patrick Meessen,
Universidad de Oviedo

¢ Olga Mena,
IFIC, Valencia

¢ Frederic Nowacki,
U. Strasbourg, CNRS

* Masanori Okawa,
Hiroshima Univ.

» Silvia Pascaoli,
IPPP, Univ. Durham, UK

e Mariano Quirdn,
ICREA & IFAE, Barcelona

* Douglas Ross,
Southampton Univ, UK

« Stefano Rigolin,
INFN Padova

* Gary Shiu,
Hong-Kong U & Wisconsin U.

¢ Joan Simon,
Edinburgh Univ, UK.

¢ Erik Tonni,
INFN & SISSA Trieste

«  Miguel Angel Vazquez-Mozo,
U. Salamanca

* Jos Vermaseren,
NIKHEF Amsterdam
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Visitas de Investigadores Asociados SO en 2015
SO Associate Researcher Visits in 2015

Nombre/Name
Gerardo Aldazabal
Mattias Blennow
Maxim Chernodub
Antonio Delgado
Anamaria Font
José Gracia-Bondia

Sven Heinemeyer

Pilar Hernandez
Alejandro Ibarra
Patrick Meessen
Olga Mena
Frederic Nowacki

Masanori Okawa
Silvai Pascoli
Mariano Quirés
Douglas Ross
Miguel A. Vazquez-

Mozo
Jos Vermaseren

Institucion/Institution
CAB, Bariloche

U. Stockholm
CNRS, Tours U.

Notre Dame U..

U.N. Caracas
U. Zaragoza

IFCA

IFIC
TU Munich
U. Oviedo
IFIC

U. Strassbourg,
CNRS
Hiroshima U.

IPPP Durham
ICREA & IFAE
Southampton U.
U. Salamanca

NIKHEF

Fechas/Dates

01/06/2015-
02/07/2015

22/06/2015-
22/07/2015

04-07/05/2015
12-18/07/2015

07-09/01/2015
06-10/04/2015
01-03/07/2015

02-14/06/2015

20/04/2015-
16/06/2015

18/02/2015
25/02//2015
23-24/06/2015
22-25/09/2015

07-10/04/2015
28-30/01/2015

05-07/05/2015
15-25/02/2015

27/05/2015-
07/06/2015

09-11/03/2015
05-13/09/2015
21-28/11/2015

02-16/05/2015

16/03/2015-
01/04/2015

06/02/2015-
06/03/2015

29/04/2015-
01/06/2015
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Informacion /Information
String Pheno 15 conference
Invisibles 15 workshop

eNlarge horizons program

String pheno 15 conference

In addition, long term visitor from 15/10/2015
until adscription to IFT as CEl Professor in
2016

Multiple short visits to IFT all along year

eNlarge Horizongs program

Dark Matter program

Teaching in master program

Posgraduate teaching



Otros Visitantes / Other Visitors

Nombre/Name

J.A. Aguilar
D.Alonso

F. Alcaraz
J. Alfaro

M. Asorey
M. Ata

G. Ballesteros
|. Bandos

C. Bauer

I. Bena

V. Berezin

E. Bergshoeff
J. Bergstrom
A. Bernevig
J. Betancort
A. Bondel
M.E. Cabrera
I. Campos

S. Caron-Huot
A. Casatela
F.G. Celiberto
D. Correa

D. Croton

L. del Debbio
N. Desai

V. Domcke

F. Domingo

J. Dukelsky

J. Edelstein
M. Escudero
D. Espriu

J. Farrow

A. Fernandez Soto
F. Ferreira

D. Figueroa

Fechas/Dates

08-11/09/2015
10-15/09/2015
01-25/07/2015
31/08/2015 - 02/09/2015
02-03/07/2015
28/07/2015 - 04/08/2015

19/01/2015 - 20/03/2015
14-17/01/2015
27/11/2015 - 04/12/2015
10/05/2015
11-14/05/2015
10-14/05/2015
06-12/02/2015
16-20/8/2015
16-26/11/2015
02/09/2015

20/05/2015 - 09/07/2015

24-26/02/2015, 22-25/09/2015
& 05/10/2015-

09-13/11/2015
01/02/2015 - 30/04/2015
28/09/2015 - 27/02/2016
09-26/06/2015
21/09/2015
17-18/12/2015
08-10/09/2015
25/05/2015

27/10/15 - 31/12/15
03/07/2015
15-18/01/2015
05/07/2015
17-18/12/2015
06/07/2015 - 31/08/2015
16/12/15

04-13/12/2015
18-23/12/2015
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Nombre/Name

M. Fornasa

J. Furtado Valle
M. Garcia

M.P. G2 del Moral
G. Gomez Santos
S. Gottloeber

. Guarino

. HaiQing

. Herwerth

. Horch

Hoyos

moI®mN>

. Jenkins

. Jiménez

. Kaminski

. Komargodski

. Kronefeld

. Lépez Fogliani

m o >» NZ T

. Lacasa

(S

. Lopez Pavén
M. Lucente
Y.-Z. Ma

J.D. Madrigal
A. Manohar

C. Manuel
A. Marrani
O. Mattelaer
D. Mayani
E. Megias
K. Mimasu
M. Minakata
J. Molina

R. Morales
M. Morudo Prado
F. Muia

Fechas/Dates

15-28/11/2015
25-27/11/2015
4-8/05/2015
21-25/09/2015
03/07/2015
21/09/2015
8-12/06/2015
08-11/11/2015
18-24/10/2015
08-12/ /15
6-10/04/15

30/09/2015 - 31/10/2015 &
11/11/2015 - 12/12/2015

20-22/01/2015

12-15/07/2015

25-28/11/2015

22-15/11/2015

31/08/2015 - 21/09/2015
05-09/10/2015

9-14/01/2015 & 18-29/05/2015
02-06/02/2015

09-12/09/2015

25/10/2015 - 05/11/2015

30/09/2015 - 31/10/2015 &
11/11/2015 - 12/12/2015

25/5/15

13-19/4/15
06-10/09/2015
05-06/02/2015
13/09/2015 - 04/10/2015
26-30/01/2015
06/05/2015 - 05/06/2015
14-16/12/2015
18-19/11/2015
01/06/2015

02/06/2015 - 22/07/2015



Nombre/Name

B. Murdaca

G. Murray

S. Nampuri
J.M. No

S. Patiri

R. Pérez Marco
S. Pilipenko
A. Ramos

F. Riccioni

J. del Rio

V. de Romeri
J. Sanchez
I. Sachs

M.A. Sanchez-
Conde

V. Sanz
J.-F. Schaff
C. Shabhazi
I. Shapiro
P. Soler
D.T. Son

K. Sousa

C. Steinwachs
V. Swasti
M. Taoso
M. Tytgat
R. Valandro
D. Valls

E. Vernier
J. Virto

M.A. Vozmediano

C. Wieck
Q. Yang

M. Zumalacarregui

Fechas/Dates

08/01/2015 -26/02/2015 &
21/04/2015 - 20/05/2015

13-17/09/2015
26-30/01/2015
26-30/01/2015
15/11/2015 - 04/12/2015
10-30/09/2015
15-29/11/2015
06-07/07/2015
10-16/05/2015

27-28/10/2015 & 25/11/2015

02-06/02/2015
13-17/09/2015
22-25/02/2015

19-22/04/2015, 17-19/05/2015

& 14-18/12/2015
26-30/01/2015
12/11/2015

4-12/03/2015 & 18-29/05/2015

23-27/02/2015
8-26/06/2015
29/06/2015
18-21/01/2015)
28/10/2015 - 03/11/2015
15-20/03/2015
28/10/2015 - 23/12/2015
14-17/11/2015
16-27/03/2015
03-05/02/2015
27-30/01/2015
19-20/02/2015
29/06/2015

31/05/2015 - 12/06/2015
23/11/2015 - 07/12/2015

07-09/1/15 &
22/05/2015 - 01/06/2015
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Dark Matter Topical Program

David G. Cerdefio:

- Visit dates 26/03/2015 - 12/04/2015,
-Participation in the MultiDark workshop
November 2015

Quantum Information Topical Pro-
gram

Belén Paredes:
- Visit dates 01-30/09/2015,
- Participation in the Master Program



Memoria Anual
Annual Report

2015

Coloquios/ Colloquia

March 6th 2015

Ignacio Cirac

Max Planck Institute of Quantum Optics Munich
Quantum Simulations.
http://www.ift.uam-csic.es/events/quantum-simulations

April 10th 2015

Alexei Smirnov

MPIK Heidelberg

Neutrinos: Normal or Special?
http://www.ift.uam-csic.es/events/neutrinos-normal-or-
special
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May 22nd 2015

Dmitri E. Kharzeeev

Stony Brook

The chiral magnetic effect from the quark gluon plasma
to Dirac semi-metals
http://www.ift.uam-csic.es/events/chiral-magnetic-
effect-quark-gluon-plasma-dirac-semimetals
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Coloquios/ Colloquia

June 16th 2015

Andrei Linde

Stanford Univ.

Inflation, supergravity & cosmological attractors
http://www.ift.uam-csic.es/events/inflation-supergravi-
ty-and-cosmological-attractors

Coloquios

INFLATION
SUPERGRAVITY &
coSsMOoLOGICAL
ATTRACTORS

|f| Instituto de

[T

December 16th 2015

Alberto Casas, IFT

Luis Labarga, UAM

Neutrino oscillations, a Nobel Prize-winning discovery
http://www.ift.uam-csic.es/events/neutrino-oscillations-
nobel-prize-winning-discovery
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Seminario de la Facultad de Ciencias

(OSCILACIONES
DE NEUTRINOS

Coloquio conjunto del departamento
de Fisica Tedrica y el Instituto de Fisica Tedrica

con motivo del Premio Nobel de Fisica 2015

Alberto Casas (IFT)

Luis Labarga (DFT)
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Seminarios/ Seminars

10.

January 15th, 2015

J. Edelstein

Univ. Santiago de Compostela

“Causality Constraints on Corrections to the Gra-
viton Three-Point Coupling”,

January 19th 2015

K. Sousa

Univ. Pais Vasco, Bilbao

“Perturbative Stability along the Supersymmetric
Directions of the Landscape”,

January 22nd 2015
R. Jiménez,

ICREA Barcelona
“Life in the Universe”,

January 26th 2015

W. Staessens

IFT Madrid

“Inflation in the Time of Mixing Axions”.

January 29th 2015
S. Nampuri
Witwatersrand Univ.
“Hot Attractors”,i,

February 2nd 2015

F. Pedro

IFT Madrid

“Just enough inflation: power spectrum modifica-
tions at large scales”.

February 9th 2015

A. Blondel,

Geneva Univ.

“CERN: the next 60 years and 100 kilometers”.

February 20th 2015

J. Virto

Siegen Univ.

“Flavoured Conspiracies and Conundrums”,

February 23rd 2015

P. Fritzsch

IFT Madrid

“The running coupling and B-physics from lattice
QCD computations”.

February 26th 2015

I. Shapiro

Univ. Federal de Juiz de Fora, Brazil
“Renormalization and stability in higher derivative
models of quantum gravity”, ,

1.

12.

13.

14.

15.

16.

17

18.

19.

20.
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March 2nd 2015

G. Chachamis,

IFT Madrid

“Let us talk about particle physics phenomenolo-

ay’s

March 9th 2015

V.Niro

IFT Madrid

“Neutrinos in cosmology and astrophysics”

March 12th 2015

J. Salas

U. Carlos Il Madrid

“Can universality be extended to Potts antiferro-
magnets?”.

March 23rd 2015

G. Ballesteros

IFT Madrid

The effective theory of fluids and dark energy

March 23rd 2015
M. Pietroni
INFN Padova

March 26th 2015

D. Ross

Southampton Univ.

Properties of the BFKL Pomeron with Running
Coupling

. April 16th 2015

A. Smirnov
MPIK Heidelberg

April 27th 2015

F. Kahlhoefer

DESY

Evidence for dark matter self-interactions
A38277?

in

May 4th 2015

A. Salvio

IFT Madrid

Dynamic generation of scales: from Inflation to
Dark Matter

May 11th 2015

V. Berezin

INR RAS Moscow

“Spherically symmetric conformal gravity and “gra-
vitational bubbles”.



Seminarios/ Seminars

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

May 18th 2015

T. Minakata,

U. Sao Paulo, Brazil

“3-flavor mixing of neutrinos: Still interesting? Yes,
there is something new!”

May 25th 2015

V. Domcke,

SISSA & INFN Trieste

“Constraining the reheating temperature after infla-
tion”

June 18th 2015

D. Correa

La Plata Univ.

“Cusped Wilson lines and ladders”

June 30th 2015

D.T. Son

Chicago Univ.

“Is the composite fermion a Dirac particle?”

July 13th 2015

M. Kaminski

Univ. of Alabama, USA

“Anomalous hydrodynamics kicks neutron stars”.

September 1st 2015

J. Alfaro

Pontificia U. Santiago de Chile

“Delta Gravity, Dark Energy and the accelerated
expansion of the Universe”, J. Alfaro,

September 7th 2015

O. Mattelaer

IPPP Durham, UK

“Tutorial on MC tools: from Madgraph to Check-
Mate” .

September 10th 2015

Y.-Z. Ma

Manchester U.

“Where are baryons in the Universe?”.

September 14th 2015

D. Alonso

Oxford Univ.

“Ultra-large-scale cosmology with future surveys”.

September 22nd 2015

P.C.E. Stamp

Univ. British Columbia, Vancouver

“Correlated worldline theory of quantum gravity:
low-energy consequences & table-top tests”, ,

31.

32.

33.

34.

35.

36.

37.

38.

39.
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October 1st 2015

M. Herrero

IFT Madrid

“Lifshitz dynamics in the UV”

October 15th 2015

A. Manohar

U. California San Diego

“The Standard Model EFT and Dimension 6 opera-
tors”

October 19th 2015

C. Wieck,

IFT Madrid

“Inflation and moduli backreaction in string-effec-
tive supergravities”,

October 26th, 2015

A. Maroto

U. Complutense Madrid

“Gravitational perturbations of the Higgs field”, A.
Maroto,

October 29th 2015

M. Taoso

IFT Madrid

“Towards a realistic astrophysical interpretation of
the Galactic center excess”

November 2nd, 2015

J.D. Madrigal,

IPhT Saclay

“High Energy Scattering in QCD: Putting Together
All the Main Ingredients”,

November 10th 2015

H.Q. Zhang

Utrecht Univ.

“Vortex in holographic two-band superfluid/super-
conductor”.

November 12th 2015

S. Caron-Huot

Niels Bohr Inst.

“Beyond unitarity: new on-shell representations for
loop amplitudes”.

November 16th 2015

M. Tytgat

Univ. Libre Bruxelles

“Signatures of scalar dark matter”



Seminarios/ Seminars

40. November 23rd 2015

41.

A. Kronfeld,

Fermilab

“Phenomenology of semileptonic $B$-meson de-
cays with form factors from lattice QCD”.

November 26th 2015

Z. Komargodski

Weizmann Inst. of Science

“Comments on Disordered Conformal
Theories”.

Field

Foros de discusion / Journal clubs

- SPLE Club: Centrado en temas de Fenomenologia
de teoria de cuerdas. Martes alternos a las 11,30h.

- Holoclub: Discusion en temas relacionados con dua-
lidades holograficas. Martes alternos a las 11,30h

- PhenoCoffee Club: Para investigadores en fenome-
nologia de Fisica de Particulas mas alla del Mode-
lo Estandar y Materia Oscura. Viernes a las 11,30h.

- PhD Forum: Organizado por los estudiantes de Doc-
torado para presentar sus proyectos de investigacion..

4?2. December 3rd 2015

43.

C. Bauer
LBNL Berkeley
“GENEVA: an NNLO / NNLL event generator”.

December 17th 2015

D. Espriu

Univ. Barcelona

“Searching for P-odd effects in heavy ion colli-
sions”.

- SPLE Club: For researchers interested in aspects of
String Phenomenology. Every two Tuesdays at 11,30h

- Holoclub: For researchers interested in aspects of Ho-
lography in String Theory. Every two Tuesdays at 11,30h

- PhenoCoffee Club: For researchers interested in
particle physics phenomenology beyond the Stan-
dard Model, and Dark Matter. Every Friday at 11,30h.

- PhD Forum: Organized by PhD students to ex-
plain each other their current research projects.

Seminarios virtuales de “Invisibles” / “Invisibles” Webinars

January 27th 2015,

M. Viel,

“Neutrino masses from cosmological intergalactic
data”,

February 10th 2015

J.L.F. Barbdn

Instituto de Fisica Tedrica
“Higgs inflation as a mirage”,,

1.
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February. 24th 2015,

A. Wulzer

“Robust collider limits on heavy-mediator dark
matter”,

November 24th, 2015
J. Kopp
“Dibosons at the LHC: symmetry restored?”,,






Actividades de formacion
Training Activities
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PROGRAMA OFICIAL DE POSGRADO EN FiSICA TEORICA/POST-
GRADUATE PROGRAM ON THEORETICAL PHYSICS

El IFT en combinacion con el Departamento de Fisica
Tedrica de la Universidad Auténoma de Madrid ofrecen
un programa de Posgrado de gran calidad y de recono-
cido prestigio. Incluye el Master en Fisica Tedrica y los
estudios de Doctorado.

El programa de Master, impartido integramente en in-

glés, es de 60 créditos ECTS. Su objetivo es propor-
cionar una base sdlida para los futuros estudiantes de
Doctorado, asi como dotar de habilidades de utilidad
para otras carreras profesionales. El programa inclu-
ye la iniciacion a la investigacion con la realizacién de
Tesis de Master, supervisadas por miembros del IFT.

Cada afno se admiten unos 30 estudiantes al Master del
IFT, con una importante fraccidon de extranjeros. Cada
afo se matriculan un promedio de 5 estuidantes euro-
peos en el marco del programa Erasmus.

El programa de Master disfruta de varios reconocimien-
tos de Excelencia y Menciones de Calidad, por parte
del Ministerio de Educacién y del Campus de Excelen-
cia Internacional. Esta clasificado entre los mejores por
el Centro de Desarrollo de Educacién Superior (CHE).

El IFT también participa en el programa de Doctorado,
en Fisica Tedrica de la UAM, realizando un importante
esfuerzo en la formacion de jovenes investigadores a
través de la supervisiéon de tesis doctorale. En el IFT
hay aproximadamente 50 estudiantes doctorales, que
contribuyen a su ambiente jéven y dinamico. La forma-
cion en el IFT es competitiva a nivel internacional, y
permite el acceso a puestos postdoctorales en centros
de prestigio, o al mercado laboral en compafiias lideres
en los sectores tecnoldgicos, informaticos o financie-
ros.

The IFT, together with the Department of Theoretical
Physics at the Autonomous University of Madrid, offers
a Posgraduate programa of highest quality and recog-
nition. It includes the Master and Ph.D. studies in Theo-
retical Physics.

The IFT runs an English-taught one-year 60 ECTS
M.Sc. degree that aims at providing a solid foundation
for prospective PhD students in theoretical physics, as
well as valuable skills for other careers. It includes a
Master Thesis, supervised by IFT members, as initia-
tion to research.

The number of M.Sc. students per academic year is
about 30, a large fraction of them being foreigners,
either European or overseas. We also have around 5
European Erasmus students each year which attend
some of the lectures.

The program has obtained several excellence awards
from the Spanish Ministry of Education and from the
Campus of International Excellence UAM+CSIC. It
has been ranked among the top Excellence Groups in
Physics by the Centre for Higher Education Develop-
ment (CHE).

The IFT also contributes to the UAM PhD program
in Theoretical Physics. We make a strong effort on
training young researchers, supervising a substantial
number of PhD theses. In fact, the IFT hosts a stable
population of around 50 PhD students, which contribute
to its young and dynamic atmosphere. Training at the
IFT is of highest quatily, and allows our PhD students
to obtain postdoctoral positions at top research centers,
world-wide, or access the job market in leading compa-
nies in the technological, software or finance sectors.

Entidades organizadoras/Organizing institutions:

Universidad Auténoma de Madrid (UAM) www.uam.es

Instituto de Fisica Tedrica/ Institute of Theoretical Physics (IFT/UAM-CSIC)
Coordinadora/Coordinator. Agustin Sabio Vera (IFT-UAM/CSIC & Dpt. Theoretical Physics UAM)
Secretaria/Secretariat: Anette Knebe (Dpt. Theoretical Physics UAM)
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PhD courses 2014-5

1. Lectures on Supersymmetry and Supergravity in
Curved Spaces and Superspaces,
Igor Bandos
IKERBASQUE and UPV/EHU, Bilbao,
October 2014

2. Introduction to Supersymmetry,
Daniel Lépez-Fogliani
U. Buenos Aires, Argentina
January-February 2015

3. Anomalies,
Miguel Angel Vazquez Mozo
Universidad Salamanca
February 2015

Tesis 2015

A continuacién indicamos las tesis doctotrales leidas
en 2015. Nuestro Instituto se encuentra a la cabeza
de todos los demas Institutos de Fisica en el CSIC en
cuanto al nimero de tesis dirigidas (y leidas) por Doc-
tor.

1. Pablo Bueno Gémez,
“Supergravity, black holes and holography”,
Supervisor: Tomas Ortin,
20th May 2015

2. Amadeo Jiménez Alba,
“Broken symmetries and transport in holography”,
Supervisor: Karl Landsteiner,
21st May 2015

4.

Supersymmetry Phenomenology,
Sven Heinemeyer

IFCA, Santander
February.-March 2015

Introduction to String theory,
Angel Uranga (IFT)
April 2015

Calculating Particle Interactions,
Jos Vermaseren

NIKHEF, Amsterdam

May 2015

Thesis 2015

In the following we list the PhD Thesis defended at the
IFT in 2015. Our Institute stands out above all other
CSIC Physics institutes in the number of defended the-
ses per supervisor.
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Irene Valenzuela,

“The Higgs sector, Susy breaking and inflation in
string theory”,

Supervisor: Luis Ibafnez,

15th June 2015.

Giovanni Ramirez,

“Quantum entanglement in random and
inhomogeneous spin chains”,
Supervisor: German Sierra,

3rd July 2015






Divulgacion Cientifica
Outreach
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La divulgacion de la actividad cientifica a la
poblacién es una tarea de enorme importancia que
proporciona a la sociedad beneficios de muy variada
naturaleza. Indirectamente esa comunicacion aumenta
la sensibilidad social hacia el interés y relevancia de la
labor investigadora. Es frecuente que los paises lideres
en investigacion y desarrollo sean a su vez aquellos
en los que la poblaciéon valora mas el trabajo de sus
investigadores.

El IFT destaca por una marcada vocacion en la trans-
misién de conocimiento a la sociedad, a través de los
medios de comunicacion y de diversas actividades de
divulgacion cientifica. Estas incluyen la organizacion
de ciclos de conferencias, como el de Ciencia y Arte
en colaboracion con el Museo Thyssen, y el de la Re-
sidencia de Estudiantes iniciado en 2013 y continua-
do con una nueva ediciéon. En 2015 se han llevado a
cabo varias iniciativas adicionales en el marco del Afo
Internacional de la Luz, concretamente la Jornada “La
Relatividad General, 100 Afos Después”, u otras char-
las conmemorativas con motivo del 1002 aniversario de
esta teoria.

Muchas de estas actividades estan orientadas al sec-
tor de la ensefnanza secundaria, como la Masterclass
Internacional de Fisica de Particulas, los cursos para
profesores de secundaria, y las decenas de charlas en
centros de secundaria en el marco del programa de di-
vulgacion del CPAN.

En 2015 se ha iniciado una serie de videos divulgativos
de animacion que han dado un impulso espectacular al
canal Youtube del IFT (sus cifras no tienen parangén
entre los centros de investigacion nacionales o inter-
nacionales), aumentando asi la visibilidad internacional
del IFT, especialmente entre el sector mas joven de la
sociedad.

The transfer of knowledge to a broader public
is an enormously important task, that provides multiple-
benefits to society. This communication enhances the
social awareness towards the interest and relevance
of scientific activity. Oftenimes the leading countries in
research and development are also those in which the
population has a higher appreciation of the work carried
on by their researchers.

The IFT stands out in its genuine interest in knowl-
edge transfer to society through mass media and many
outreach activities. These include the organization of
conference series, like the Science&Art event in col-
laboration with Thyssen Museum, and the conference
series in collaboration with Residencia de Estudiantes,
initiated in 2013 and continued with a new edition this
year. In 2015 we have also contribute to the Interna-
tional Year of Light with several initiatives, for instance
the event “La Relatividad General, 100 Afos Después”,
and other colloquia celebrating the 100th Anniversary
of General Relativity.

Many of these activities are targeter to the High School
education sector, like the International Masterclass on
Particle Physics, High School teacher courses, and
the dozens of outreach talks by IFT members at High
Schools in the Madrid area, within the outreach pro-
gram of CPAN.

Finally, in 2015 we have started the publication of a se-
ries of outreach animation videos in the IFT Youtube
channel. This initiative has enormously enhanced the
statistics of this channel (well above other national or
international research centers), and therefore the in-
ternational visibility of the IFT, specially among young
students.
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Arte y Ciencia/ Arts and Science

CIENCIA'Y ARTE EN EL MUSEO THYSSEN*

En colaboracién con el Museo Thyssen-Bornemisza y
en el marco de los eventos “Invisibles 15 workshop &
school”, se celebraron diversas actividades en la inter-
fase entre Arte y Ciencia:

- Exhibicion especial “Invisibles-Thyssen” de obras se-
leccionadas por sus conexiones con ideas cientificas.

- Sesién de divulgacion “Art and Science - Invisible
World” 24 de junio, con conferencias por Carlos Frenk,
Michelangelo Mangano, Alvaro de Rujula, Antoni Mun-
tadas, seguida de mesa redonda moderada por Elena
Aprile.

- Sesion de divulgacion “Art and Science - Invisible
World” 26 de junio, con conferencias por Mario Livio,
Fabiola Gianotti, Lisa Randall and art expert Linda
Henderson, seguida de mesa redonda moderada por
Hitoshi Murayama.

https://indico.cern.ch/event/351600/page/3516-outrea-
ch-and-social-activities

- Publicacion de A. de Rujula en la reivsta digital del
Museo

http://pdigital. museothyssen.org/index.htmli?revista=13
9657263&pagina=24849

- Noticia en “El Pais”
http://elpais.com/elpais/2015/06/19/cien-
cia/1434731116_385257.html

SCIENCE & ART AT THE THYSSEN MUSEUM "

In collaboration with the Thyssen-Bornemisza Museum
(Madrid), and in the framework of the Invisibles 15 wor-
kshop & school, the IFT organized several activities in
the Art&Science interface:

- Special exhibition of selected paintings in the context
of the connection between art and science “Invisibles-
Thyssen”.

- Outreach “Art and Science - Invisible World” session,
June 24th, with presentations by: Carlos Frenk, Miche-
langelo Mangano, Alvaro de Rujula and Antoni Munta-
das, followed by a joint round table chaired by Elena
Aprile.

- Outreach “Art and Science” session June 26th. Pre-
sentations by Fabiola Gianotti, Mario Livio, Lisa Ran-
dall and art expert Linda Henderson, followed by a joint
round table chaired by Hitoshi Murayama.

https://indico.cern.ch/event/351600/page/3516-outrea-
ch-and-social-activities

- A. de Rujula in the digital newsletter of the Thyssen
Museum

http://pdigital. museothyssen.org/index.html|?revista=13
9657263&pagina=24849

- News in “El Pais”
http://elpais.com/elpais/2015/06/19/cien-
cia/1434731116_385257.html

113



Jornada organizada por el Institu

de Fisica Tedrica UAM/CSIC Ciclo de Conferencias del Instituto de F

rica UAM/CSIC

LA RELATIVIDAD GENERAL, N LOS LIMITES DE LA
100 ANOS DESPUES FISICA FUNDAMENTAL

Residencia de Estudiantes
Salén de Actos CSIC, ¢/ Serrano 117 5,6,12 ¥ 13 de Noviembre 2015
8 de Mayo 2015

Semana de la Ciencia 2015

Jueves § de Novi

Bang y por qué?

omienzo del un

Reidend de Btadiontes

‘8 de Noviembre de 2015, 12:00h 15 de Noviembre de 2015, 12:00h
‘Balén de Actos del MUNCYT Alcobendas r Saldn de Actos dal MUNGYT Alcobendas
Semana de la Ciencia 2015

Semana de la Ciencia 2015
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Conferencias y Coloquias/Public Colloquia

Se organizaron diversas conferencias en el marco del
Ano Internacional de la Luz, y del 100° aniversario de la
Relatividad General, asi como otros coloquios

Several conferences were organized in the framework
of the International Year of Light, and of the 100th
Anniversary of General Theory or Relativity, as well as
other colloquia

®  Series “La Relatividad General, 100 afnos después” CSIC Main Auditorium, May 8th 2015,

https://workshops.ift.uam-csic.es/RG100

Relatividad General para principiantes”,
J.L.F. Barbon,, IFT

“Tests experimentales de la Relatividad General:
¢ Tenia razén Einstein 100 afos después?”,
Carlos F. Sopuerta, Instituto de Ciencias del Espacio

“Relatividad general y cosmologia”,
J. Garcia-Bellido, IFT

- “Luz y universo. La luz y el origen de la materia”,
Conference by A. Casas, IFT

National Museum of Science and Technoogy,
June 11th 2015.
https://www.youtube.com/watch?v=CTrX_JBNEnU

- Conference “100 afios de Cosmologia Relativista”,
J. Garcia-Bellido, ilFT

Madrid Planetarium,

October 1st 2015 -

- Conference “Los limites del espacio y el tiempo, 100
afnos después de Einstein”

National Museum of Science and Technology,

J. L. F. Barbon, IFT

“Astrofisica relativista y agujeros negros:
observando lo invisible”,
A. Alberdi, Instituto Astrofisico de Andalucia

“Re’latividad General y Mecanica Cuantica”,
E. Alvarez., IFT

November 11th 2015.

- Conference ““Los retos de la fisica de particulas en
la nueva etapa del LHC”

National Museum of Science and Technology,

M. J. Herrero, IFT

November 15th 2015, Madrid Science Week 2015:

- Conference “El papel de la ciencia en la regener-
acion y el futuro de Espana”,

Tomas Ortin, IFT

Opening Ceremony for Academic Year 2015-16,
Universidad Popular de Palencia

September 2015

. Series “Los limites de la Fisica Fundamental” Residencia de Estudiantes CSIC, Madrid Science Week 2015:

El misterioso vacio de la fisica cuantica y la cos-
mologia,

A. Gonzélez-Arroyo,

November 5th 2015

Neutrinos: la luz invisible:
M. Maltoni,
November 5th 2015

¢ Qué sabemos del Big Bang?,
E. Alvarez,
November 6th 2015

El liquido perfecto al comienzo del universo,
K. Landsteiner,
November 6th 2015

Las fronteras tedricas del universo,
T. Ortin,
November 12th 2015

La fuerza de las interacciones fundamentales,
G. Herdoiza,
November 12th 2015

Desenredando la teoria de cuerdas,
A. Uranga,
November 13th 2015

LHC mas alla del boson de Higgs,
Pablo Garcia-Abia, CIEMAT,
November 13th 2015
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HANDS-ON PARTICLE
PHYSICS MASTERCLASS

del Instituto de Fisica Tedrica UAM-CSIC

4 Te gustaria descubrir el bosan de Higgs?
El instituto de Fizica Tedrica LAM-CSIC organiza una mastercisss
donde 40 estudiantes da Bachillerato da la Comunsdad da Madrid T
aprenderén Fiskca de Parthculas y analizarhn datos reabes el LHEC
para wientificar ol bosgn do Higgs, La actvidad se enmaca en d |
Samana de la Cencla de l2 Comunidad de Madrid,

Fecha y hora: 3 de Noviemire de 2015, 17:00-20:00h
Lugar: IES Raminy de Maeziu, of Serrand 127, Madnd
Contacto: carlos. penaluam.es

e e e —— e ——————— ———
[ w Irstfubo dé Fisics Tebrca LAMCSIC
- Friipofwmw, . ueem-caic, esd ECYT
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Outreach in High School Sector

CHARLAS DE DIVULGACION EN IES

The IFT tiene un programa de charlas en centros de
Educacién Secundaria del area de Madrid en temas de
Fisica de Particulas y de Cosmologia. En 2015, nues-
tros investigadores han impartido mas de 50 charlas,
con una importante participacion de los estudiantes de
doctorado del IFT como ponentes. Esta actividad se
desarrolla en el marco del programa de divulgacion del
CPAN.

CURSOS PARA PROFESORES DE SECUNDARIA:

- Participacién en el curso “Introduccion a la fisica de
particulas para profesores de ciencias y tecnologia”,
en colaboracién con el Programa de Profesores de Se-
cundaria del CERN de la Comunidad de Madrid
Marzo 2015. http://indico.cern.ch/event/375830/

- Organizacion del curso “Fisica de particulas y cosmo-
logia: del Big Bang al bosén de Higgs”, en el marco de
la colaboracién CSIC - Comunidad de Madrid,

Abril2015. https://workshops.ift.uam-csic.es/curso2015

VISITAS GUIADAS AL IFT

En colaboracion con el Centro de Intercambios Esco-
lares, organizamos dos visitas guiadas de estudiantes
de Secundaria en programas de intercambio: .

- 20 de Marzo 2015: 20 estudiantes de Indiana, USA.

- 9 de Junio 2015: 39 estudiantes del Instituto Juan Ra-
mon Jiménez, Rabat

HANDS-ON PARTICLE PHYSICS MASTERCLASSES

En el marco de los Talleres interactivos internaciona-
les en Fisica de Particulas, coordinado por el Grupo
Internacional de Divulgacion de Fisica de Particulas,
que integra 85 institutiones de todo el mundo. En 2015
se organizadon dos sesiones, con 35 estudiantes de
Bachillerato cada una:

- 27 Marzo 2015, en el IFT
https://workshops.ift.uam-csic.es/iftw.php/ws/master-
class2015/home

- 3 Noviembre, 2015, en el IES Ramiro de Maeztu, en
la Semana de la Ciencia

42 ESO + EMPRESA

En el marco de este programa de la Comunidad de Ma-
drid, un grupo de estudiantes de Secundaria de area
de Madrid realizé una estancia de tres dias en el IFT
recibiendo charlas y experimentando de primera mano
el ambiente de un centro de investigacion.

24-26 Marzo 2015

OUTREACH TALKS AT HIGH SCHOOLS:

The IFT has a programme of outreach talks at High
Schools in the Madrid area on topics of particle phys-
ics, cosmology. In 2015 our researchers delivered over
50 outreach talks. This activity is carried out mostly
within the framework of the CPAN collaboration. It is
also important to emphasize that it involves several
of the younger IFT members, namely PhD students.

COURSES FOR HIGH SCHOOL TEACHERS:

- Participation in the course “Introduccion a la fisica
de particulas para profesores de ciencias y tec-
nologia”, in collaboration with the High School Teacher
Program at CERN by Comunidad de Madrid,

March 2015. http://indico.cern.ch/event/375830/

- Organization of the course “Fisica de particulas y cos-
mologia: del Big Bang al bosén de Higgs”, within the
collaboration CSIC - Comunidad de Madrid,

April 2015.https://workshops.ift.uam-csic.es/curso2015

GUIDED VISITS OF IFT PREMISES

In collaboration with School Exchange Center we
organized two guided visits for High School students in
exchange programmes.

- March 20th 2015: 20 High School students from
Indiana, USA.

- June 9th 2015: 39 High School students from the
Instituto Juan Ramon Jiménez, Rabat

HANDS-ON PARTICLE PHYSICS MASTERCLASSES

This activity lies within the International Hands-on Par-
ticle Physics Masterclass, which involves 85 institutions
worldwide, andiscoordinatedbythe International Particle
Physics Outreach Group (IPPOG). In2015 we organized
two sessions, with some 35 High School students each.
- March 27th 2015, at the IFT
https://workshops.ift.uam-csic.es/iftw.php/ws/master-
class2015/home

- November 3rd, 2015, within the Madrid Science
Week, at IES Ramiro de Maeztu

4° ESO + EMPRESA

Within the program in Comunidad de Madrid, a group
of students from High Schools in the Madrid area
spent three days of experience at the IFT, receiv-
ing lectures and experiencing research first-hand.
24-26 March 2015
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Videos en canal Youtube

Youtube videos

El IFT mantiene una gran actividad en Youtube con la
publicacion de videos de las conferencias anteriores en
su canal, con gran impacto y visibilidad. El canal cuenta
con mas de 15.000 suscriptores y supera las 250.000
visitas.

En 2015 hemos iniciado la publicacién de una serie de
videos de animacion divulgativos, en colaboracion con
el reconocido canal Youtube Quantum Fracture. Se
han difundido los primeros dos videos, con gran éxito
en numero de visualizaciones:

- ¢ Qué es la materia oscura?”,
https://www.youtube.com/watch?v=F86nBOsGr5M

- “¢ Qué son las oscilaciones de neutrinos?”
https://www.youtube.com/watch?v=MHcoFBV5z8s

RELATIVIDADGENERAL
PARARRINGIE ANTES

o [
S it m

We actively support the publication of videos
for most of the above outreach conferences, at
the IFT Youtube channel, with a very success-
ful number of views. Our Youtube channel has
over 14.000 suscribers and over 250.000 views.

In 2015 we have started a series of outreach anima-
tion videos, in collaboration with the renowned Youtube
channel “Quantum Fracture”. The first two have al-
ready been made public at the IFT Youtube channel,
with an enormous success in the number of views

- “¢ Qué es la materia oscura?”,
https://www.youtube.com/watch?v=F86nBOsGr5M

- “¢ Qué son las oscilaciones de neutrinos?”
https://www.youtube.com/watch?v=MHcoFBV5z8s

(TENIA RAZONIEINSIEIN
100 ANDS DESRUESZSSS

L —

'ii RELATIVIDZ I@]m

GUSMIL@I[‘%IA

WASTROFISICAIRENATIVISTA Y

ﬂGUJERNE H[IS

__—,-._________._. || {I
e
e, n v

VMATERISBSCUR!

£
- RELATIVIDAL aﬁugﬂm
* MECANEATRUANTCA

)
{,'I MNES
t%&'%!ﬂ.ﬁ%’%

118



annual meport 2019

TV, radio y prensa/ TV, Radio and Newspapers

- Contribution by A. de Rujula to the article “Mas alla del bosén de Higgs”, in the newspaper “El Mundo”, 10/2/2015
http://www.elmundo.es/ciencia/2015/02/10/54d91f21ca4741c14e8b4576.html

- Contribution by A. Casas to the article “Materia oscura, supersimetria... Esto es lo
que buscard el ‘nuevo’ acelerador LHC”, in the newspaper “El Confidencial”’, 7/4/2015
http://www.elconfidencial.com/tecnologia/2015-04-07/lhc-cern-boson-higgs-materia-oscura_754865/

- Article by L. Ibdhez in the journal  “Investigacién vy  Ciencia”,  foreword to
the special number “Grandes fisicos y grandes descubrimientos”, April/June 2015.
http://www.investigacionyciencia.es/revistas/temas/numero/80/grandes-fsicos-y-grandes-descubrimientos-13234

- The IFT in the TV program “Fabrica de ideas” of Spanish TV channel “La 2”, October 2015 (from minute 14:52 on)
http://www.rtve.es/alacarta/videos/fabrica-de-ideas/fabrica-ideas-24-10-15/3333296/

- _Article “;Viajaremos en el tiempo?”, by J.L.F. Barcén in the newspaper “El Pais”, 23/10/2015
http://elpais.com/elpais/2015/10/21/ciencia/1445427862_876412.html

- Interviewing J.L.F. Barbén in the program “El sol sale por el oeste” in Radio Canal Extremadura, 20/10/2015
http://www.canalextremadura.es/alacarta/radio/audios/el-sol-sale-por-el-oeste-3h-201015

- Article “; L e debemos nuestra existencia a los neutrinos?”, by E. Ferndndez in the newspaper “El Pais”, 28/10/2015
http://elpais.com/elpais/2015/10/23/ciencia/1445615891 620511.html

- “La teoria general de la relatividad explicada en dos minutos”, J.L.F. Barbdn for the newpaper “El Pais”, 19/11/2015
http://elpais.com/elpais/2015/11/19/ciencia/1447926957 854635.html

- Contribution by J. Garcia-Bellido in the article “Regreso al futuro: Cémo construir una maquina del tiempo”, in
the newspaper “El Mundo”, 23/11/2015.
http://www.elmundo.es/ciencia/2015/10/20/56253e72ca4741ea628b457c.html

- Article “;Qué habian antes del Big Bang?”, by A. Casas, in the newspaper “El Pais”, 27/11/2015
http://elpais.com/elpais/2015/11/17/ciencia/1447754148 458128.html

- Contribution by J.L.F. Barbdén to the article “Por qué ningun reloj, por sofisticado que sea, dard nunca la hora
exacta”, in the newspaper “El Pais”, 12/12/2015
http://elpais.com/elpais/2015/12/10/buenavida/1449774669 498211.html
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En 2015, el IFT ha continuado su trayectoria de exce-
lencia en el marco del proyecto Severo Ochoa, con-
solidando su reputacién internacional como instituto
de investigacion. Hemos organizado una docena de
congresos y escuelas, con participacion de varios cien-
tos de visitantes, y hemos publicado 175 articulos que
acumulan miles de citas. Entre los hitos cientificos de
este afo, en las diferentes lineas podemos mencionar:

Campos cuanticos, Gravedad y Cuerdas:

- Calculos explicitos que demuestran la termalizacion
retardada en sistemas holograficos.

- Descubrimiento de la existencia de “pelo” infrarrojo en
el modelo corpuscular de agujeros negros cuanticos..

- Primera aplicacién de la dualidad entre complejidad
cuantica y volumen en modelos holograficos de singu-
laridades cosmoldgicas.

- Segunda edicion del libro “Gravity and Strings” por
Tomas Ortin, publicado en Cambridge University Press

- Construccién explitica de modelos de inflacién por
monodromia de axiones, e implicaciones para el LHC.

El Origen del a Masa:

- Estudio de la metaestabilidad del potencial del campo
de Higgs, su origen microscépico y sus implicaciones

- Analisis de posibles sefales en el LHC de nuevos mo-
delos supersimétricos propuestos por el grupo del IFT.

- Estudio general de la accion efectiva de un Higgs lige-
ro y aplicaciones a busquedas de nueva Fisica.

- Elaboracién y uso extensivo del nuevo codigo Chec-
kMate para contrastar modelos de nueva Fisica con
datos del LHC.

- Estudio completo de la violacién de CP leptdnica a
partir de los datos de neutrinos actuales, y sus implica-
ciones futuras.

anmual meport 2019

During 2015 the IFT continued experiencing a qualita-
tive jump in many aspects related to our Severo Ochoa
Grant, enhancing its status as institute of international
excellence. We organized about a dozen specialized
programs, workshop and schools attended by several
hundred scientists, and published 175 papers collecting
several thousand citations. Among the main scientific
achievements, in different research lines, we list:

Quantum Fields, Gravity and Strings:

- Explicit computations showing the existence of dela-
yed thermalization processes in holographic systems.
- Discovery of the existence of infrared hair in the cor-
puscular model of quantum black holes.

- First application of duality between quantum com-
plexity and volume in holographic models of cosmolo-
gical singularities.

- Second edition of the book “Gravity and Strings” by
Tomas Ortin, with Cambridge University Press

- Explicit construction of axion monodromy inflation mo-
dels, and study of their interplay with the LHC results.

The Origin of Mass:

- Study of the instability of the Higgs potential in the SM,
its microscopic origin and new physics implications.

- Analysis of possible signals in the LHC of new super-
symmetric models proposed by the group.

- General study of the effective action of a light Higgs,
from operator analysis, and its applications to new phy-
sics searches.

- Production and extensive application of a new code
CheckMate to test new physics models from LHC data.
- Complete study of leptonic CP-violation from present
neutrino data, and implications for future observables.
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The Origin and Composition of the Universe:

- Determinacion de los parametros del Modelo Estan-
dar Cosmoldgico a partir de los datos de Planck.

- Descubrimiento en el Dark Energy Survey de 18 nue-
vas galaxias enanas, esclareciendo el problema de
subestructura en modelos de Materia Oscura Fria.

- Propuesta de que la Materia Oscura podria compo-
nerse de agujeros negros primordiales, semillas de for-
macién de galaxias a alto redshifts

- Arranque de la Camara Physics of the Accelerated
Universe Camera (PAUCam), en el Telescopio William
Herschel Telescope de La Palma, para medir la acele-
racion del universo.

- Propuesta de un fondo de ondas gravitacionales
como sefial de recalentamiento en modelos con Higgs
activo durante inflacién.

- EI'IFT ha participado en la colaboracién SuperCDMS
de busqueda directa de Materia Oscura, contribuyendo
a la recogida y analisis de datos. Se han publicado va-
rios analisis de los experimentos CDMS Il y CDMSlite
sobre busquedas de WIMPs.

- Miembros del IFT han continuado su participacién en
la colaboracién BOSS y el proyecto DESI para el estu-
dio de Energia Oscura. En Octubre 2015, se aprob¢ la
fase DESI CD-2.

Materia Condensada e Informacién Cuantica:

- Estudio de materiales exoéticos de tipo semimetal con
fermiones de Weyl, con posibilidad de observacion ex-
perimental en materiales cristalinos.

- Aplicacion de atomos ultra-frios en reticulos 6pticos
para el estudio de fendmenos en sistemas de muchos
cuerpos, aparicion de fenédmenos colectivos, y nuevas
fases de sistemas en acoplamiento fuerte.

The Origin and Composition of the Universe:

- Determination of Cosmological Standard Model para-
meters with few permil precision from Planck data.

- Discovery with the Dark Energy Survey of 18 new
dwarf faint galaxies, clarifying the way towards resol-
ving the substructure problem of Cold Dark Matter.

- Proposal that Dark Matter is made of primordial black
holes, acting as seeds for high-redshift galaxies

- First light of the Physics of the Accelerated Universe
Camera (PAUCam), a state of the art Camera at the
William Herschel Telescope in La Palma, to measure
the acceleration of the universe with 42 narrow band
filters.

- Proposal of a stochastic background of Gravitational
Waves as signature for reheating if the Higgs field is
present during inflation.

- The IFT has been member during this period of the
SuperCDMS collaboration for direct Dark Matter sear-
ches, contributing to the data taking and analysis. Se-
veral WIMP searches from the CDMS Il and second
CDMSlite run have been published.

- Members of the IFT continued with their participation
in the BOSS collaboration and the DESI project for
the search of dark energy. In October, DESI CD-2 has
been approved.

Condensed Matter, Quantum Information:

- Study of exotic materials known as Weyl fermion se-
mimetals, with the possibility of experimental observa-
tion in crystal materials.

- Application of ultra-cold atoms in optical lattices to
study many body phenomena, appearance of collective
phenomena and new phases of strongly coupled sys-
tems.
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