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At the TeV scale, two new pieces of information come from 
the LHC. The first one, a new bosonic resonance [1-2] at 
about 125 GeV which, until now, fits the properties of the 
Standard Model (SM) Higgs boson. The second one [3], a 
mass gap for the presence of new physics until 600-700 GeV 
(and even higher for new vector resonances). 

So, this is the image which provides us the Standard Model 
from some decades ago: three fundamental interactions 
(electromagnetic, weak and strong) mediated by photons, 
gauge bosons W± and Z, and gluons. Photons and gluons are 
massless. Gauge bosons mediating the weak interaction are 
massive. However, theses masses, and actually all masses of 
elementary particles (i.e., electrons, quarks,…), are in conflict 
with the symmetries of Quantum Field theories formalisms. 

The simplest solution is the so-called Higgs mechanism, the 
SM Higgs boson being a relic of such a mechanism. So, if the 
Higgs-like boson were actually this SM Higgs, would our 
understanding of the micro-world complete? Well, of course 
there is another interaction we have not yet talked about: 
gravity. Actually, there is no widely accepted and fully 
coherent description of gravity in terms of a Quantum Field 
Theory. 

Thus, we have two “fundamental theories”: General 
Relativity, which is a classical (i.e., non-quantum) theory; and 
SM (Quantum Cromo Dynamics-Electroweak Theory), which 
describes the remaining known interactions, the SM Higgs 
field mediating a fifth interaction which gives mass to all the 
elementary particles. Several difficulties arise when dealing 
with Quantum Gravity theories. The first one is the extremely 
high energy scale where Quantum Gravity effects are expected 
to dominate. According to a naïve approach, such scale would 
be the Planck one (1.22 × 10�� GeV). Compare with the 
1.4 × 10� GeV that LHC will reach when running at full 
energy. So, is this all? The SM until the Planck scale? 
Actually, there are two effects which fail to be described by 
this approach: Dark Matter and Dark Energy. 

In this work, we follow two research lines. The first one [4] 
is a Kaluza-Klein model (i.e., extra-dimensions). The world 
would be five-dimensional, the SM particles being confined 
fields into three spatial dimensional manifolds or branes. 
Gravitational interaction would have access to the total space. 
This model leads to a fundamental scale of gravitation �� 
which can be much lower [5-6] than the Planck one ��. 
Depending on the flexibility of the brane, two different 
regimes at low energy arise. 

If the brane is rigid, the first excitation at low energy 
corresponds to gravitons. The fact that gravitons propagate 
through the extra-dimensions, produces a tower of KK 
excitations which roughly corresponds to the eigen-energies of 
a quantum oscillator in these dimensions. This can be 
approximated by the coupling with massive gravitons. 

On the contrary, if the brane is flexible, the first effect at 
low energy will be the coupling with branons, which are the 
particle associate with the fluctuations of the brane. 

The second research line considered [7-9] is a strongly 
interacting Higgs sector. The SM lore would have the property 
of being a weakly interacting theory. In particular, the 
presence of the SM Higgs on the theory would guarantee that 
the cross section of vector boson scattering, even computed at 
first order in perturbation theory, does not grow breaking 
unitarity (i.e., until predicting a scattering probability higher 
than 1). 

What if we change slightly the SM? This “fine-tuning” 
cancellation would no longer occur, so this first order 
computation would break at the TeV scale. Is this incorrect? 
Not exactly: it only means that the perturbation theory is not 
usable. This is a similar case to the low energy limit of QCD, 
which has been a big deal for decades. Several techniques, like 
unitarization procedures, lattice QCD… have been used to 
overcome this failure of the perturbative analysis. So, we use 
the unitarization methods, tested for the low energy limit of 
QCD, to unitarize an effective Lagrangian which leads to a 
strongly interacting EWSBS. 

In both cases, to have an estimation of the signals that the 
LHC may find, using Monte Carlo (MC) simulation is 
mandatory. The input of the MC methods are the scattering 
amplitudes computed with the theoretical models. And the 
output, a set of MC events whose statistics (i.e., counting of 
particles emitted within certain parameter space, a particular 
measure,…) should be (approximately) described by the same 
statistical distribution than the actual data of the LHC. 

Figure 1: Electroweak-symmetry breaking sector of the SM after 
the LHC run I. 
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Several programs, like Pythia [10], MadGraph [11], 
Delphes, GEANT, ROOT,… have become a standard, as a 
consequence of the big effort due to the LHC experiment. 
However, it is also usual that, when trying to set a “non-
standard” model, some of these programs fail to give an 
implementation in an easy way. With the only exception of 
“fashionable” models like the Minimal Super Symmetry 
Model (MSSM). 

When running, these programs can be easily parallelized if 
different seeds are used for the pseudo-random number 
generator of each process. No communication between 
processes is necessary, until summing up all the statistics. 
Normally, the output of a program is the input of the next one. 
Two approaches are possible: either computing the statistics 
“on the fly”, or storing all the events. The last possibility, 
although is the most flexible one, requires also a huge amount 
of hard disk. 

The goal of this presentation is showing the results obtained 
by the usage of the BSC facilities. For the KK models, 
parameter bounds for both the branon and KK-graviton 
regimes have been found, by comparing a MC simulation with 
ATLAS data [12]. New bounds over the brane tension 
parameter � (defined on [4]) have been published by CMS 
Collaboration [13]. 

For the strongly interacting EWSBS, a graph showing how 
small are the contribution of longitudinal W modes to the WW 
scattering (as measured by the LHC) has been computed. If 
the SM were true, scattering of longitudinal modes of W and 
Z’s would be negligible. However, if the EWSBS were 
strongly interacting, the cross section of ���� scattering 
would saturate unitarity and, therefore, this signal would be 
enhanced. An interesting continuation of this work would be 
simulating events with our unitarized matrix elements, 
although some difficulties arise due to the necessity of 
modifying the MC programs. 
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Figure 3: Production of W+W- (blue) vs. W+
LW-

L (red). X-axis in 
GeV. Y-axis in events/33.3 GeV. MadGraph5_aMC@NLO used. 

Figure 2: Computed exclusión región (according to [4]) for the 
value of � parameter of the branon (gray area) versus the limits 
of the second run of Tevatron (dark yellow area √� =  . !" TeV 
and ∫ $	&' = ())	pb, ) and LEP (green area,  √� =  -! −
()! GeV). See ref. [4] for more details. 


