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Research Interests 
 

My research interests are mainly focused standard model extensions. Those possibilities 
have been suggested to solve some of the problems of the SM, like the hierarchy between 
MGUT and MW or the matching of the SM with gravity. The main topic of my Ph.D. 
thesis was the phenomenology of a five dimensional extension of the minimal 
supersymmetric standard model, including electroweak symmetry breaking, unification 
of gauge couplings and the impact of the extra dimension in the electroweak LEP 
observables. 
 
In these calculations the usual dimensional reduction was used and the theory in 4D is 
populated with Kaluza-Klein modes. Every even field that lives in 5D consists of a zero 
mode that is identified with the usual SM-field, plus a tower of KK modes. Dealing with 
this type of theory has provided me experience with calculations in theories with an 
infinite number of fields that contribute, for example, to the beta-function, or to the 
electroweak observables. These techniques are quite similar to those used in Field Theory 
at Finite Temperature. 
 
During my stay at Johns Hopkins University I have been involved in projects within the 
Randall-Sundrum scenario. I, with Dr. Agashe and Dr. Sundrum, have performed a 
thorough analysis of divergences in warped extra dimensions to prove that logarithmic 
evolution is compatible with these kind of scenarios, leading to a possible realization of 
high scale unification in extra dimensional theories. Also other phenomenological aspects 
such as contributions to electroweak observables have been studied. This kind of theories 
have become the first real competitor to the MSSM. In fact, before our studies it was 
supposed that any warped scenario will predict KK modes with masses beyond the reach 
of present and future accelerators, we have been the first ones to show a model with KK 
masses in the few TeV range. Moreover, since this theories are supposed to be dual to 
strongly coupled theories, these works have resulted on a resurrection of techni-colour 
models as a way to explain the hierarchy problem. With Drs. Carena, Ponton, Tait and 
Wagner of the Chicagoland area I have been studying the impact of brane terms for 
gauge and fermions in the EW fit, concluding that those terms will make those model 
more natural regarding the EW observables. The continuation with this line of studies 
will make part of my future investigation. 
 
I have also studied on extensions of the Higgs sector in the MSSM to enhance the 
physical mass of the lightest Higgs boson to avoid present bounds and to alleviate the 
fine-tuning problem existing in the MSSM. This fine-tuning comes from the fact that in 
order to increase the Higgs mass one wants the sparticle spectrum, specially the stops, to 
be quite heavy, but these will feed into the Higgs mass parameter with quadratic 
sensitivity. In fact most of the parameter space of the MSSM has been ruled-out, and only 
the extreme case with large soft masses and mixings is still valid. Clearly an investigation 
on ways out is needed. The differential point of these extensions compared to other 
existing ones like the NMSSM is the use of asymptotically free couplings in such a way 
that the Higgs mass is proportional to those couplings. This setup ensures a big coupling 
in the IR independently of the UV value so there is a prediction of a heavy Higgs 
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regardless of the unknown UV physics and no assumption has to be made to increase that 
mass. 
 
This last years I have collaborated in a couple of projects related to the so-called 
“splitsusy” scenario. In this scenario the scalar partners of SM fields of the MSSM are 
supposed to be much heavier than gauginos and higgsinos. This leaves one of the key 
ingredients of the MSSM, unification, unchanged whereas all the problems coming from 
the flavor structure of the scalar masses are solved. Of course, this kind of models do not 
provide with a solution to the hierarchy problem, but this can be solved in the spirit of the 
landscape of vacua in string theory. With Prof. Giudice at CERN we have looked on the 
conditions that a split scenario will put on the RGE evolutions of soft masses and as an 
ongoing project we are studying a scenario for dark matter where the LSP is a admixture 
of Bino and Wino. This kind of LSP is quite natural in a situation where scalars and also 
higgsinos are much heavier than gauginos. It could be a possibility that has not been 
much explored before. With Prof. Antoniadis, Prof. Benakli and Prof. Quirós we have 
studied the possibility of splitting EXTENDED supersymmetry, i.e., having an extended 
N=2 or N=4 gauge sector and getting a low energy theory which agrees with present 
constrains and predicts unification. 
 
During the last months I have been involved in a couple of projects with a close relation 
with experimentalist. The first one is the so-called LHC-Olympics, a project started at 
CERN where both theorist and experimentalists work together to find different 
algorithms to be able to disentangle between models of physics beyond SM that may 
have similar signals. Starting with simulations generated by PYTHIA different groups try 
to find out the best algorithm to correctly identify the model inside the simulation. On the 
other hand during a visit to Universidad Nacional de la Plata in Argentina a new project 
has been started to include the effects of physics beyond SM into the montecarlos of the 
Pierre Auger Observatory for Cosmic Rays. The identification of both the source and the 
nature of the particle that forms cosmic rays has been a major goal of particle physics for 
the last 40 years and the possibility that with cosmic rays one could probe exotic physics 
is really interesting. As can be seen I can work in close collaboration with 
experimentalist. 
 
I am also right now revisiting the scenario of gauge mediation as supersymmetry 
breaking mechanism making sure that it passes the bound on the Higgs mass put on by 
LEP. This breaking is particularly interesting since it predicts flavor blind soft masses so 
there are no dangerous FCNC. On the one hand a particular scenario for the NMSSM, i.e. 
the MSSM with a singlet to explain the μ-parameter is being studied and the whole 
spectrum is calculated putting all the experimental constrains. On the other hand an 
extension of gauge mediation to include N=2 formalism is being developed with my 
collaborators. It leads to interesting phenomenology where gauginos are Dirac particles 
and the Higgs mass does not depend on tan β. All of these in order to construct a viable 
supersymmetric model taking into account all experimental constrains. 
 
In the long term I am interested in the signatures of physics beyond SM that can be found 
in colliders. One of the possibilities can come from the Higgs sector, it has been widely 
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study all the signatures of the MSSM, but there could be the possibility that if SUSY is 
realized at low energies, it is not ‘minimal’. Those ‘non-minimalities’ can affect the 
Higgs sector and result on different and interesting signals that has not been yet studied in 
details. As I mentioned before, I have been studying ways of increasing the Higgs mass, 
in some case these imply enlarging the gauge sector of the MSSM, so there is a 
prediction of extra gauge bosons like W′ and Z′, whereas other could contain extra states. 
In any case the whole Higgs sectors changes leading to interesting and new possibilities, 
for example the charged Higgs can be the lightest thus producing unique experimental 
signatures. 
 
Other aspect of the research I will like to pursue and could be particularly relevant for 
collider physics are theories with extra dimensions. These theories predict that for each 
field there exists a tower of resonances (KK modes), and these resonances are a distinct 
signatures to be tested in colliders like the Tevatron. These theories can have an 
important role in understanding problems relevant to both particle physics and 
cosmology, and area where there has been very important experimental results coming 
from the WMAP satellite, such as the dark matter or dark energy. Both of these questions 
can be addressed in theories with extra dimensions where there are ‘new’ candidates for 
dark matter. Other aspects of extra dimensions are the possibility to explain flavor in 
these scenarios, since there are a lot of flavor experiments nowadays, there could be new 
results to be explained and extra dimensions open new possibilities to explain fermion 
masses or mixings, e.g. different locations of different fermions or a non-trivial profile 
for the Higgs. 
 
I am also interesting in teaching since it is the best way to learn. Preparing lectures forces 
the teacher to remember some forgotten topics, to find different ways of explaining things 
and to acquire a language to interact with the alumns. Another important aspect of an 
university are graduate students, they are the future of our field and working with them is 
the way of ensuring that there will always be good scientists. For all these reasons I am 
willing to join a teaching position in your university. Needless to say, I am open to any 
topics related to the latter or to any other subject in theoretical particle physics in which 
my knowledge can be valuable. 


