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Standard Model and LHC

Particle Physics, my field of interest, is the branch of science which study the ele-
mentary particles and their interactions. The Standard Model (SM) is a theory
developed throughout the latter half of the 20th century and it summarizes our
current understanding of particle interactions. During the years many experiments
confirmed the SM prediction and the latest success is the discovery of the Higgs bo-
son, predicted since 1960s and observed experimentally in 2012. Despite the success
of this theory, the SM leaves some aspects unexplained: for example it doesn’t inclu-
de the gravitational force or it doesn’t contain any viable dark matter particle with
all the required properties deduced from cosmology. This implies that the theory is
not complete. Many extensions of the SM try to solve these problems and predict
the existence of new particles at the TeV scale that could be observed at particle
colliders.

The Large Hadron Collider (LHC) at CERN is the most powerful particle acce-
lerator in the world and it accelerates protons in order to obtain head-on collisions.
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If the energy of the proton-proton collision is great enough, new heavy particles can
be produced. The LHC ran from 2010 to 2011 at an energy in the center of mass of 7
TeV and in 2012 at 8 TeV (Run 1). After two years of technical stop, it was turned
on again in 2015 (Run 2) with an energy in the center of mass of 13 TeV. Since
2013 I’m working at the Compact Muon Solenoid (CMS) experiment at the LHC.
CMS is a general purpose experiment: aims at doing precision SM measurements
and searches for new physics in several final states.

New physics in the dijet final state

Any hypothetical new particle that might be produced at LHC is originated from
the colliding protons and therefore it must couple to quarks and/or gluons. The
search for new resonances decaying to pairs of quarks and gluons is therefore one of
the most important searches for new physics that can be performed at LHC. Quarks
and gluons hadronize to form jets as described later in more detail. The analysis
strategy is based on the knowledge that a resonance decaying into two jets could be
observed as a narrow peak in the invariant mass spectrum of the dijet system (dijet
mass).

These searches has been performed with Run 1 and Run 2 data at LHC and
no sign of new physics has been observed. Upper limits on the production cross
sections of these resonances has been set constraining many new physics models.
Despite the limited amount of data collected in 2015, the Run 2 analysis is already
more sensitive than the Run 1 analysis for resonance masses above 2 TeV thanks to
the increased center of mass energy. The data taking will restart in April 2016 and
in the next two years a sample of data 50 times larger than 2015 is expected. This
will allow to probe unexplored regions of resonance mass.

Ph.D. activity and plan

Jet reconstruction and calibration

The quarks and gluons produced by the decay of a massive resonance cannot exist
as free particles because of the confinement and therefore recombine together into
hadrons. In the detector the result of this hadronization is a collimated jet of par-
ticles. The momentum of the charged particles is measured by the tracker, while
the electromagnetic and hadronic energy deposits are measured in the calorimeters.
The information from sub-detectors is combined to form a list of reconstructed par-
ticle candidates such as muons, electrons, photons and charged and neutral hadrons.
These particle candidates are recombined into jets using clustering algorithms. The
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jet energy measured in the detector is not the real one due to the presence of different
detector and physics effects. This miscalibration affects both the jet energy scale
and resolution and need to be corrected. The jet energy scale affects the resonance
mass reconstruction, because a wrong scale leads to a wrong mass peak position for
signal events. The jet energy resolution affects the width of the invariant mass peak
and therefore has a direct impact on the sensitivity of the analysis in presence of
the large multijet background.

During my first Ph.D. year, I worked on the measurement of the jet energy scale
using a data sample of events with one isolated photon and one jet collected in 2015.
This final state is the most important to measure the jet energy scale, thanks to the
large statistics and the purity of the sample. The photon and the jet in these events
are back-to-back in the plane transverse to the proton beam line therefore they have
in first approximation the same transverse energy. The photon energy is measured
in the electromagnetic calorimeter with high precision, negligible with respect to the
jet’s one, and can be assumed as the true energy. Then using the transverse energy
balancing between the photon and the jet, we can measure the jet energy scale.
After this calibration procedure the jet energy scale is known with an uncertainty
of few % in the energy region of interest for this analysis. This calibration has been
used for the publication of the first CMS search for dijet resonances in Run 2.

Search for dijet resonances

The strategy used to search for a dijet resonances is based on the solid experience
with previous analyses at hadron colliders. It basically consists in reconstructing
the invariant mass of dijet system and search for a peak in its data spectrum.
One of the goals of my thesis is to extend the standard analysis to improve the
sensitivity to new physics. The main background for this search is constituted by
the QCD multijets events produced via t-channel. The background processes have
a very different angular distribution (i.g. scattering angle in the rest of frame of the
resonance) respect to signal processes, which are produced in s-channel. Studying
the angular variables the analysis can be optimized for different hypotheses on the
resonance spin. Another improvement is to extend the search for wide resonances
which have an intrinsic width greater than experimental dijet mass resolution. In
this way the search would cover a wider range of possible new physics signatures.

′′Data scouting′′ technique

Another interesting aspect is to extend the analysis at low mass in order to probe
hypothetical resonances with small production cross sections that similar searches
performed at previous colliders could not find. The main experimental difficulties
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originate from the large cross section of multijet events at low dijet mass and the
limited resources for processing and storing these data. Due to these constraints,
the thresholds of the trigger selection must be raised, in order to keep a constant
throughput despite the increasing collision rate. Because of these thresholds the
standard analysis is limited at high mass (above ∼ 1 TeV ). In order to recover
the analysis at lower mass, CMS developed a novel trigger strategy, named ′′data
scouting′′. By significantly reducing the events size compared to the standard CMS
data stream, this approach enabled to reduced significantly the trigger thresholds.
This technique has been used in Run 1, allowing to extend the analysis down to a
mass of 500 GeV and will be used again with the much larger dataset to be collected
in the next two years.
The sub-TeV region has become particularly interesting after the latest Run 2 results
shown by LHC. In December 2015, both CMS and ATLAS have found hints of a
small excess in the diphoton invariant mass spectrum compatible with a resonance
mass of 750 GeV. If this excess is not a statistical fluctuation but it is due to the
decay of a massive particle, this new state, being produced from proton-proton
collision, must also couple to quarks and gluons. Therefore, evidence of this signal
could also be observed in the dijet channel.

At the moment, I am finishing the work on jet energy calibration using 2015 data
and this activity will continue during the first months of 2016 using new data. The
focus of 2016 will be the dijet search at low-mass using the available 2015 data
sample and in parallel the preparation of the high-mass search in view of the restart
of the data taking in April. My thesis will conclude with the analysis of the whole
dataset that will be collected in the next two years and the publication of both
low-mass and high-mass resonance searches.
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