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Physics analyses. — Our group has been participating in the studies of the newly-
discovered Higgs boson and have shown that its properties indeed correspond to the
predictions of the Standard Model. We presented this result both at international
conferences and institutional seminars, and also in two books.

We have performed searches for supersymmetric particles in 8 TeV proton-proton collision
data which was collected in 2012. In these searches, we were looking for possible signatures
of gluino-pair production and decays to top squarks where b-jets, a lepton, multiple light
flavor jets, and missing transverse momentum were present. We also measured the
reconstruction and identification efficiencies of electrons and muons by performing an
auxiliary measurement of events where leptonically decaying Z bosons and multiple jets are
produced. No excess was observed in these searches and the results were interpreted as
exclusion limits on the mass parameter space of simplified models of on- (real) and off-shell
(virtual) top squarks production via gluino pairs.

Theoretical work. — Theoretical activity in quantum and gravity foundations, as well as in
open quantum system dynamics has been continued. The yet hypothetical gravity-related
spontaneous wave-function collapse has been derived for the first time in acoustic modes of
bulk matter. Proposals of various related experimental tests have been outlined including a
specific Cavendish experiment to test a possible quantum-delay of Newton gravitational
force.

Thorough investigations of the Gaussian class of non-Markovian open quantum systems
have led to a general mathematical structure showing strong resemblance with the well-
known and widely-used special Markovian case; that is to say, with the famous Lindblad
structure and master equations.

Work on instrumentation. — Our team continued to contribute strongly to the operation,
calibration, and data-reconstruction of the CMS Tracker detectors: the inner silicon pixel,
and outer silicon strip detectors. We have provided a coordinator for the CMS Tracker
Detector Performance group, and one for its CMS Pixel calibration and local reconstruction
subgroup.

The two most important performance parameters of the pixel detector are hit detection
efficiency and position measurement resolution. They determine the efficiency and accuracy
of charged particle track reconstruction. Charged particle tracks are used in the
determination of the secondary (decay) vertices of heavy flavor jets, which are produced in
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the supersymmetric events of our interest. We have found an efficiency loss at the per cent
level in data acquired by the pixel detector which was not reflected by the simulation. We
have improved the simulation of the CMS pixel detector and presented the results in a
conference. We also measured the radiation damage experienced by the pixel detector.
Radiation damage has an impact on the resolution of the hit position measurement. We
found disagreement between the detector performance and its simulation in the official
CMS software. We have implemented a new method which transforms the charge
distribution of clusters in the pixel according to the expected radiation damage at given
operational configuration (bias voltage, temperature, etc.) One of the most important
aspects of detector readiness is the maintenance of the calibration databases which is
entirely the responsibility of our group. We improved the resolution measurement also by
introducing a new calibration object to correct for the apparent shift of cluster positions due
to the presence of magnetic field as function of the irradiation in the silicon bulk.

Detector construction. — Radiation-induced damage of sensors and readout electronics
degrades the resolution of position measurements in the CMS Pixel detector to the extent
that the detector is rendered unusable. Therefore it will need to be replaced. This will
happen in two steps in the next couple of decades called phase | and Il upgrades. Our group
has played a leading role in studying radiation effects and now we are also key contributors
to the design of the new-generation pixel detector. We have designed and built the first
prototypes for the control and readout electronics of the CMS Phase | Pixel upgrade
detector.

The Liquid Argon Calorimeter is a basic component of the ATLAS detector. Its capabilities of
detecting electrons, photons, jets and missing energy are crucial ingredients of discovering
theoretically predicted new physics phenomena, like Supersymmetry, and of analyzing
features of the Standard Model, including detailed experimental study of the Higgs boson.
Because of the significant increase of the LHC luminosity in the coming years, the LAr Phase |
Upgrade Project was defined and accepted to maintain and improve the performance of this
detector. Being involved in the LAr group of CPPM, which is responsible for the upgraded
back-end electronics of the levell electromagnetic calorimeter's trigger system, we joined
this effort with the aim of defining software algorithms to perform fast (trigger) electron
selection. During data-acquisition, it is used in real-time identification of multi-lepton final
states which are the result of associated production of charginos and neutralinos, while
rejecting background as much as possible. This year, the first steps to reproduce the results
of the TDR and check the existing software tools have been done and presented at several
internal ATLAS working meetings.

Maintaining the CMS grid computing infrastructure. — The CMS computing grid is used
in the reconstruction of both simulated and collision data which are analyzed in our searches
for new physics. Stable operation of the T2_HU_Budapest grid site continued in 2014 giving
us the third position in the site availability ranking of CMS T2 sites. Hardware developments
included an upgrade of the external network connection to 10 Gbits/s, and the addition of
192 WN CPU cores and 40 TB disk storage.
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Due to the vast number of publications of the large collaborations in which the research
group participated in 2014, here we list only a short selection of appearances in journals
with the highest impact factor.
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