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High-energy heavy-ion physics is connected to a large variety of physics disciplines. Researches
probe fundamental concepts of classical and modern thermodynamics, hydrodynamics, and
guantum theory. Therefore, they have several theoretical and practical topical research direc-
tions covering a wide spectrum, such as: thermodynamics, perturbative and non-perturbative
QCD, high-energy nuclear effects, hadronization, hadron phenomenology, phenomenology of
compact stars, and gravity/cosmology. These studies are strongly motivated by the needs of sev-
eral recent and planned large-scale facilities, such as collaborations at the LHC (CERN, Switzer-
land) and RHIC (BNL, USA), and future experiments at FCC (CERN), FAIR (GSI, Germany) and NICA
(Dubna, Russia). They have continued these theoretical investigations in the direction of high-
energy physics phenomenology connected to existing and future state-of-the-art detectors. Con-
cerning international theoretical collaborations, they have established joint work with the Goe-
the Institute (Germany), LBNL (USA), CCNU, MAP (China), UNAM (Mexico), Dubna (Russia) and
ERI (Japan). The most important published results are highlighted below.

Investigating heavy-ion collisions — High-energy heavy-ion collisions are one of the best
testbeds for the non-ideal, non-equilibrium, finite systems. In this areas the machine learning-
based models are quite successful.

Together the Indian Institute of Technology (IIT) Indore they investigated whether a deep
neural network (DNN) algorithm is able to map the momentum asymuthal anisotropy parameter
(v2 — the second Fourier component), measured in non-central heavy-ion collisions. They found
that their machine learning based model predicted the centrality and transverse momentum de-
pendence well, indeed the constituent quark number scaling (NCQ) was also encoded in the hy-
perparameters of the neural network [1,2].

In collaboration with the University of Berkeley (USA) and loPP CCNU (Wuhan, China),
they developed the HUJING++ heavy-ion Monte Carlo Generator with G. Papp (ELTE) and X.N.
Wang (loPP CCNU, LBNL). They built the future Monte Carlo generator for the heavy-ion colli-
sions, HIJING++, which was tuned by applying a machine learning-based parameter-tune code. In
parallel, together with University of Oxford, a machine learning-based hadronization model has
been developed and tested successfully [21].

The effective field theory of the strong interaction — They investigated the large N. limit in the
framework of a 2+1 flavor (axial)vector meson extended constituent quark-meson model with
Polyakov loops. At finite temperature, they implemented a general N--dependent Polyakov loop
potential and a so-called uniform eigenvalue ansatz were applied to reduce the number of de-
grees of freedom. They found that the critical endpoint (CEP) becomes absent already for N.=4,
but a second CEP emerges on the temperature axis at around N.=53 and moves to higher bar-
yon chemical potential with the increase of N.. For high baryon chemical potential, the chiral
and deconfinement phase transitions, which are both crossover type in this region, become
separated forming a chirally symmetric but confined region (Figure 1). This can be identified



with the so-called quarkyonic phase. Their work, titled , Fate of the critical endpoint at large N.”
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Figure 1: Figure 1. Phase diagram of the model (see details in the text).

has been marked as Editors' Suggestion in Phys. Rev. D [7] .

They developed the numerical code of functional renormalization group for the SU(2)
case for the mirror-baryon sigma model using the Kurganov—Tadmor algorithm. They calculated
J/Psi production in antiproton induced reactions with our transport model to study the ground
state proton momentum distribution inside the nuclei by studying the J/Psi production threshold.
In the charm excitation function it is almost indistinguishable whether the groundstate momen-
tum distribution is the Fermi sphere or the realistic momentum distribution with the high mo-
mentum tail. They have shown, furthermore, that using an initial momentum distribution any
realistic threshold shift is washed out in the excitation function of charmed vector mesons. We
calculated charm production in antiproton, proton and pion induced reactions with our transport
model using the in-medium modification of their masses. They have shown that even with a de-
tector resolution of 50 MeV the in medium mass shift of Psi(3686) can be observed. We have
built bottom cross section calculated in the statistical bootstrap model to the transport code and
we are calculating the effect of their in-medium modification.

In collaboration with the HADES experimental group, they were able to compare their
experimental results for di-electron production in pion-nucleon collisions at 1.5 GeV center-of-
mass energy with the predictions of our effective Lagrangian model. The model provided good
description of the differential cross section found in the experiment. Also, their predictions for
the polarization density matrix elements of the virtual photon were found to be consistent with
the experimental results. They also studied the di-electron production process in nt+N collisions
in a model independent way using the helicity formalism and worked out the relation of this
approach to the effective Lagrangian model.

Chiral-symmetric baryon-meson model has been developed to describe the properties of
nuclear matter during relativistic collisions of heavy nuclei. Special focus was directed on study
of thermodynamical properties of matter in such conditions in frameworks of Functional Renor-
malization Groups, taking into account mesonic and baryonic fluctuations. Nuclear matter tran-
sition is studied via solution of flow equation with effective action [11].

Multi-wavelength astronomy and investigations of extreme matter in the Universe — Investi-
gation of cold compact stars provides the opportunity to understand cold super-dense nuclear



matter. These theoretical developments are strongly connected to recent measurements of com-
pact stars by multi-wavelength observations and gravitational waves and the future Einstein Tel-
escope, which are supported by theoretical networking EU COST action PHAROS (CA162014) until
2022. They also contributed to the AstroNet EU roadmap, the CREDO collaboration [9-10] and
the CREMLIN+ H2020 project.

Based on the recent NISER data, they verified the variation of neutron star observables
by dense symmetric nuclear matter parameters using the Maximal Mass neutron star assump-
tion, where strong linear connection has been tested between macro- and microscopic parame-
ters of neutron star and its matter these results [24]. They also utilized their model at zero tem-
perature and finite baryon chemical potential as well, for which a concatenation to hadronic
equations of state at lower densities was used in order to apply to the description of compact
stars. They applied the acquired equations of state to hybrid stars and they used astrophysical
observations in a Bayesian framework to investigate the parameter region with the highest pos-
terior probability. They managed to constrain the values of the vector coupling and the sigma
mass of our model by using the astrophysical observations mentioned above, and these results
were published in [8].

As additional research in study of matter in extreme conditions, pycnonuclear reactions
in compact stars at zero temperatures have been studied on quantum mechanical basis with high
precision. Taking into account complete analysis of quantum fluxes in the internal nuclear region,
rate and number of pycnonuclear reactions for 12C + 12C = Mg are reduced on 1.8 times. They
showed the appearance of new states (called as quasibound states) where the compound nu-
clear system is formed with maximal probability. Energy spectrum of zero-point vibrations is re-
vised and estimated with high precision [11].

They studied the properties of Sedov-type self-similar solutions of non-relativistic self-
gravitating fluids in completely spherically symmetric systems. By this self-scaling model, they
were able to describe the evolution of the Universe with dark matter —in an analytical way [3].

They joined to the Einstein Telescope Collaboration and started working with the Site
Preparation Board. They also participated in the group’s infrasound measurement campaign at
Sos Enattos mine in Sardinia. Another Atomki micropohone collects data at adVirgo detector.A
windshield and protection against humidity for the Atomki infrasound monitoring system at the
Janossy Underground Research Laboratory (VLAB) has been developed. They also carried out
test measurements, data processing and documentation writing in the project called SeismoCell
—as an application of seismic and infrasound sensors.

Rare and anomalous radionuclei decay measurements were investigated during the year
at the Janossy Underground Research Laboratory (VLAB). To perform high-precision studies of
nuclear decay anomalies they used a high-purity germanium (HPGe) detector setup. They started
the long range measurements in the laboratory. A similar research project has been started on
galactic archeology in collaboration with the Johns Hopkins University.

Applying novel thermodynamical and hydrodynamical approaches — They have presented the
thermodynamic derivation and the extension of Newtonian gravitation theory and on simple ex-
act solutions, together with Sumiyoshi Abe. The most important achievement of this study was
the formulation and submission of results on the derivation of non-relativistic quantum theory



using the same, thermodynamic methodology. It was shown, that the key element in the transi-
tion between field and particle-based theories is a property called classical holography and that
this is a consequence of the Second Law of thermodynamics. They investigated novel thermody-
namical models focusing on the non-Fourier heat conduction and the model test in biological
systems [12-18]. These models were also tested on carbon-foam samples to obtain heat conduc-
tivity parameters for the CERN ALICE Collaboration’s ITS3 R&D project — as an application.

Coordination of the Hungarian ALICE Group and participation in the Bergen pCT collaboration.
— They coordinate the Hungarian contributions to CERN's largest heavy-ion experiment ALICE.
This activity is many-folded: In addition to data analysis, our group has constructed a new spe-
cialized Analysis Facility for the CERN ALICE Collaboration in the WSCLAB at the Wigner RCP. This
HPC unit is dedicated for Big Data challenges as a joint activity with the Vesztergombi High-energy
Physics Laboratory (VLAB), which awarded the TOP50 Hungarian research infrastructure title in
2021.

They were involved to the summary of the last 30 years of the CERN ALICE experiment in
the ALICE experiment — A journey through QCD [19]. This collects all discoveries of the Large
Hadron Collider at CERN. In 2022 ALICE presented a “Letter of intent for ALICE 3: A next genera-
tion heavy-ion experiment at the LHC”. They has been already engaged with this large-scale R&D
project, and contributed to the proposal [20]. They also contributed to the Bergen pCT collabo-
ration, where the detector prototype of the tracking calorimeter has been built, and analysis
tracking softwares were developed based on machine learning techniques. They recent contri-
bution is the development of the first application of Richardson—Lucy image reconstruction tech-
nique applied for proton-based imaging.

Coordination of the Wigner Scientific Computational Laboratory (WSCLAB) — WSCLAB, as the
TOP50 research infrastructure of the Hungarian national grant agency, NRDIO, were involed in
several national and international projects. These are primary dedicated to massively parallel
classical and quantum computing at various field of sciences. They have improved the CERN ALICE
Analysis Facility, the CERN WLCG Grid T2 site of the CERN’s ALICE and CMS collaborations, and
the Wigner GPU Laboratory. The Wigner GPU Laboratory’s capacity has been doubled and inten-
sively used by several projects such as the Nanoplasmonic Laser Fusion National Laboratory, the
Astronomy Department of the E6tvos University, the LIGO gravitational wave signal search,
Heavy-ion Research Group of the Wigner RCP together with the University of Oxford. They had
also an academy-industry project together with the Lombiq LTD[6,21-23,25-41]. These research
projects involved more than 12 PhD and 6 MSc students.

The WSCLAB has organized the “Massive Parallel Computing for Science and Industrial
Applications — GPUDay 2022” conference, the “ALICE T1/T2” Workshop, the “Lectures on Modern
Scientific Computing 2022”. They participated in the “CERN-Wigner Artificial Intelligence Aca-
demia-Industry Matching Event (AIME22)” and the “MILAB 2022” workshop. As a Hungarian rep-
resentative of the CERN’s Quantum Technology Initiative, they organized the “Quantum Technol-
ogy for High Energy Physics (QT4HEP) 2022” at CERN.

Education, PR and prizes. — Connected to the research group, they had 2 MSc students. Young
colleagues participated in the young researcher's projects and 2 TDK theses were submitted for
the competition, and one won price at the ELTE Physics TDK.



They had 8 young PhD fellow in the research group. Senior colleagues are members of
the ELTE, BME, PTE doctoral programmes. Gabor Balassa and Matyas Sz(ics have obtained their
PhD degree at the BME Physics Doctoral School. G. Balassa had also received the Gyorgyi Géza
Price of the Wigner RCP.

Group members played key role in the following workshop, conference and seminar or-
ganizations: “GPU Day 2022” at the at Wigner RCP; “Zimanyi Winter School 2022,” Budapest,
Hungary, “PP2022, Margaret Island Symposium on Particles and Plasmas 2022”, Lectures on
Modern Scientific Computing 2022, ALICE T1/T2 Workshop in Budapest and the “Quantum Tech-
nology for High Energy Physics (QT4HEP) 2022” at CERN. Group members participated in PR ac-
tivities at their alma mater and high-school invitations, indeed the “Atomoktdl a Csillagokig”
public outreach series. They were also active in outreach in television and radio broadcasts, and
outreach publications [22,23].
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High-energy heavy-ion physics is connected to a large variety of physics disciplines. Researches probe
fundamental concepts of classical and modern thermodynamics, hydrodynamics, and quantum theory. Therefore,
they have several theoretical and practical topical research directions covering a wide spectrum, such as:
thermodynamics, perturbative and non-perturbative QCD, high-energy nuclear effects, hadronization, hadron
phenomenology, phenomenology of compact stars, and gravity/cosmology. These studies are strongly motivated
by the needs of several recent and planned large-scale facilities, such as collaborations at the LHC (CERN,
Switzerland) and RHIC (BNL, USA), and future experiments at FCC (CERN), FAIR (GSI, Germany) and NICA
(Dubna, Russia). They have continued these theoretical investigations in the direction of high-energy physics
phenomenology connected to existing and future state-of-the-art detectors. Concerning international theoretical
collaborations, they have established joint work with the Goethe Institute (Germany), LBNL (USA), CCNU, MAP
(China), UNAM (Mexico), Dubna (Russia) and ERI (Japan). The most important published results are highlighted
below.

The effective field theory of the strong interaction — As a member of the CBM & HADES collaborations, they
continued the planning of the details of the detector. They participated in the detector simulations. They studied
the dilepton production process in pion-nucleon collisions in the energy range of the second resonance region,
studied experimentally by the HADES collaboration. They extended our previous works by including both non-
resonant (Born) contributions as well as contributions of baryon resonances. They gave predictions for the
dilepton invariant mass spectrum and the polarization density matrix elements of the intermediate virtual photon
and argued that the latter may be accessible in the HADES experiment by studying the angular distribution of
dileptons. That way one would actually reconstruct the polarization state of the virtual photon, which would help
disentangle various dilepton sources contributing to the process [1].

They calculated the one-loop fermion contribution to the vector and axialvector meson curvature masses in the
framework of a (axial)vector meson extended Polyakov-constituent quark-meson model (ELSM). They showed
that for certain fields the contribution splits up into transverse and longitudinal parts, which give different
contributions to the tree-level masses at finite temperature. They also investigated the behavior of our constituent
quark model at zero temperature when vector meson condensates are also included. They found that the
inclusion of an additional parameter constraint is necessary to ensure that chiral symmetry is restored at high
densities [2,3].

Multi-wavelength astronomy and investigations of super-dense matter in compact stars — Investigation of
cold compact stars provides the opportunity to understand cold super-dense nuclear matter. These theoretical
developments are strongly connected to recent measurements of compact stars by multi-wavelength
observations and gravitational waves and the future Einstein Telescope, which are supported by theoretical
networking EU COST action PHAROS (CA162014). They also contributed to the AstroNet EU roadmap, the
CREDO collaboration and the CREMLINplus H2020 grant.

Based on the recent NISER data, they verified the variation of neutron star observables by dense symmetric
nuclear matter parameters using the Maximal Mass neutron star assumption, where strong linear connection has
been tested between macro- and microscopic parameters of neutron star and its matter these results were
presented at the Strangeness in Quark Matter SQM2021 conference [4].

They applied nonzero vector condensate at finite baryon chemical potential and at zero temperature in the ELSM
to model hybrid stars (compact stars with quark matter at their core). They studied the properties of compact
stars when these modifications were included. They calculated mass-radius curves and managed to constrain
certain parameters (like the vector coupling or sigma meson mass) of the model with the help of astrophysical
observables. We also found a simple relation among the model parameters when we required vanishing of the
scalar condensates at asymptotically large baryon chemical potentials[2,3].

Measuring anomalies in natural laws — They published the recent results of the re-measurements of the
gravitaional constant by the E6tvds pendulum and they continued the infrasound background noise collection at
the Matra Gravitational and Geophysical Laboratory (MGGL — a previous potential site for Einstein Telescope and
another subterranean site)[5]. The background noise measured at the MGGL (Hungary), at the Sos Enattos mine
in Sardinia (Italy) and at LIGO and adVirgo were compared to each other. They confirmed that it is advantageous
to install a third generation interferometric gravitational-wave detector deep under the ground. They also
presented, that below 2Hz, the infrasound background noise at adVirgo’s Central Building is dominated by wind.
Above 2Hz, the HVAC system is the main contributor. They calculated the Newtonian noise of seismic and
infrasound origin of MGGL. They also investigated the seasonal variation of Newtonian noise. An applied-physics
project, SeismoCell, has been started to develop portable sensor applications based on the above technologies.



Rare and anomalous radionuclei decay measurements were investigated during the year at the Janossy
Underground Research Laboratory (VLAB). To perform high-precision studies of nuclear decay anomalies they
used a high-purity germanium (HPGe) detector setup. A modern HPGe detector system was installed, and
hardware and software infrastructure was developed that enables automated data-taking and environmental
monitoring, remotely [6].

Investigating heavy-ion collisions — High-energy heavy-ion collisions are one of the best testbeds for the non-
ideal, non-equilibrium, finite systems. The non-extensive statistical approach, developed by their group, can
describe such a matter by enwidening the framework of classical thermodynamics and statistical physics towards
non-equilibrium and complex system phenomena.

They studied the production rate of the X(3872) possible tetraquark state at a few GeV energies in proton-proton,
pion-proton, and proton-antiproton reactions, near threshold, with a statistical based model. The model gave
good match with the measured values for the inclusive production cross sections at TeV energy scale, where
measured data were available. The low energy cross-sections were calculated with the model, using the the
assumption that the X(3872) particle is a diquark-antidiquark bound state in the triplet-antitriplet representation
[7].

They investigated new nuclear effects in high-energy heavy-ion collisions. Since classifications based on
multiplicity and event-shape variables are available, new nuclear effect can mbe investigated from small to large
systems. They obtained that the Tsallis-thermometer is an excellent tool to quantify the geometrical properties of
the events[8-9].

In collaboration with the University of Berkeley (USA) and loPP CCNU (Wuhan, China), they developed the
HIJING++ heavy-ion Monte Carlo Generator with G. Papp (ELTE) and X.N. Wang (loPP CCNU, LBNL). The
transplantation of the original, 20 years old code from FORTRAN to C++ programming languages was
successful. They built the future Monte Carlo generator for the heavy-ion collisions, HIJING++ were tuned during
the passed year also for nucleus-nucleus (AA) collisions. In the framework of a Chinese-Hungarian TET project
they investigated how a machine-learning hadronization model can be included to Monte Carlo Based particle
event generators. A further machine-learning based project has been started after signing the MoU with the
Indian Institute of Technology Indore. In the framework of this collaboration, a PhD has spent 3 months
collaborating with them [10].

Applying novel thermodynamical approaches — They investigated novel thermodynamical models focusing
on the non-Fourier heat conduction and the model test in biological systems [11-15]. They also gave numerical
and analytical results to different ballistic-diffusive heat conduction equations [16].

Coordination of the Hungarian ALICE Group and participation in the Bergen pCT collaboration. — They
coordinate the Hungarian contribution to CERN's largest heavy-ion experiment ALICE. This activity is many-
folded: In addition to data analysis, our group has constructed and tested of the world largest, 90 m3-volume,
GEM-based TPC for the ALICE and also the DAQ O2 CRU upgrade projects. This is a joint activity with the newly
formed Vesztergombi High-energy Physics Laboratory (VLAB), which awarded the TOP50 Hungarian research
infrastructure title. During 2021 the commissioning of the TPC, ITS and DAQ has been done and data taking has
been successfully done during the first test beam time. They were involved in the first data challenge programme
with the ALICE Analysis Facility of the WSCLAB, which resulted in a Public ALICE Note [17]. They also
contributed to the Bergen pCT collaboration, where the detector prottype of the tracking calorimeter has been
built, and analysis tracking softwares were developed based on machine learning techniques [18,19].

Coordination of the Wigner Scientific Computational Laboratory (WSCLAB) — They have formed a new
open research infrastructure, which relies on the joint Wigner projects: CERN ALICE Analysis Facility, the CERN
WLCG Grid T2 site of the CERN’s ALICE and CMS collaborations, and the Wigner GPU Laboratory. The formed
new laboratory has been selected as the TOP50 research infrastructure of the Hungarian national grant agency,
NRDIO. The WSCLAB was awarded in December 2021 at the University of Pécs.

They operated and developed ALICE GRID Tier-2 Center with about 10% more computational power and
storage. They built up 8 racks of the Wigner-ALICE Analysis Facility at the Wigner Datacenter and they have
done multi-core run challenges for the ALICE experiment with 100% success rate.

The Wigner GPU Laboratory’s capacity has been doubled by new hardwares, which was intensively used by
several project such as the Nanoplasmonic Laser Fusion National Laboratory[20], the Astronomy Depaertment of
the E6tvds University [21] the LIGO gravitational wave signal search [22], Heavy-ion Research Group of the
Wigner RCP togerther with the Oxford University [10]. They had also an academy-industry project together with
the Lombiq LTD [23]. These research projects involved 9 PhD and 3 MSc students.



The WSCLAB has organized the The Future of Computing, Graphics and Data Analysis — GPUday 2021 event
jointly with the CERN-Wigner Atrtificial Intelligence Academia-Industry Matching Event (AI2ME21). Here they have
about 80 in person participants from more than 20 countries all around the world in parallel to the online visitors.

Education, PR and prizes. — Connected to our group we had 2 BSc and 9 MSc students. Our young colleagues
participated in young researcher's projects and a 1 TDK theses were submitted for the competition, which won
the 1st Price at the BME, indeed the Pro Progressio TDK fellowship for 1 year.

So far they had 7 young PhD fellow in the research group. Senior colleagues are members of the ELTE, BME,
PTE doctoral programmes. Two PhD theses by Daniel Berényi and Gabor Bird has been successfully defended
at the ELTE TTK Physics Doctoral School. Edit Fenyvesi has also obtained the PhD degree at the University of
Debrecen.

Group members played key role in the following workshop, conference and seminar organizations: “GPU Day
2021” at the at Wigner RCP; Zimanyi Winter School 2021 (Budapest, Hungary). Group members participated in
PR activities at ther alma mater and high-school invitations.
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2020

High-energy heavy-ion physics is connected to a large variety of physics disciplines. Researches probe
fundamental concepts of classical and modern thermodynamics, hydrodynamics, and quantum theory. Therefore,
they have several theoretical and practical topical research directions covering a wide spectrum, such as:
thermodynamics, perturbative and non-perturbative QCD, high-energy nuclear effects, hadronization, hadron
phenomenology, phenomenology of compact stars, and gravity/cosmology. These studies are strongly motivated
by the needs of several recent and planned large-scale facilities, such as collaborations at the LHC (CERN,
Switzerland) and RHIC (BNL, USA), and future experiments at FCC (CERN), FAIR (GSI, Germany) and NICA
(Dubna, Russia). They have continued these theoretical investigations in the direction of high-energy physics
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phenomenology connected to existing and future state-of-the-art detectors. Concerning international theoretical
collaborations, they have established joint work with the Goethe Institute (Germany), LBNL (USA), CCNU, MAP
(China), UNAM (Mexico), Dubna (Russia) and ERI (Japan). The most important published results are highlighted
below.

The effective field theory of the strong interaction — As a member of the CBM collaboration, they continued
the planning of the details of the detector. They participated in the detector simulations. They proposed a
statistical-based model to describe exclusive and inclusive hadronic cross sections from a few GeV center of
mass energy up to a few tens of GeV in proton-proton, pion-proton and proton-antiproton reactions. With the
proposed model it was possible to estimate the low energy inclusive charmonium and bottomonium production
cross sections, which are necessary ingredients to transport simulations of heavy ion collisions [1] [2].

Multi-wavelength astronomy and investigations of super-dense matter in compact stars — Investigation of
cold compact stars provides the opportunity to understand cold super-dense nuclear matter. These theoretical
developments are strongly connected to recent measurements of compact stars by multi-wavelength
observations and gravitational waves and the future Einstein Telescope, which are supported by theoretical
networking EU COST action PHAROS (CA162014).

They improved the calculation of the tidal Love numbers in case of first-order phase transition at non-zero
pressure, moreover they obtained a maximum value for the maximum relative error, ~5% [3] They also estimated
the variation of neutron star observables by dense symmetric nuclear matter parameters using the Bayesian
method. The equation of state (EoS) at finite chemical potential and zero temperature were calculated from the
extended sigma-omega model and they found strong linear connection between macro- and microscopic
parameters of neutron star and its matter [4] [5] [6].

As members of the ALICE Collaboration they contributed to unveiling the strong interaction among hadrons at the
energies of the Large Hadron Collider. This new analysis provided stronger constrains for compact star EoS [7].

They published the results of the long-time infrasound measurements at Matra Gravitational and Geophysical
Laboratory (MGGL) [8]. These were the first results characterizing the infrasound noise at a subtrerranean
candidate site for the Einstein Telescope. This work was carried out as part of the long-term site characterization
campaign at MGGL. The results of this campaign contributed to the comprehensive investigations of an
international collaboration. These investigations leaded to the designation of the site-selection criteria for the
Einstein Telescope [9].

Investigating heavy-ion collisions — High-energy heavy-ion collisions are one of the best testbeds for the non-
ideal, non-equilibrium, finite systems. The non-extensive statistical approach, developed by their group, can
describe such a matter by enwidening the framework of classical thermodynamics and statistical physics towards
non-equilibrium and complex system phenomena.

They introduced a new phrase, gintropy. This is a mule word from gini index and entropy, signalling the
mathematical similarities to entropy while calculating the gini index. The latter is a familiar description of income
and wealth inequalities [10].

Hadronization in proton-nucleus and nucleus-nucleus collisions were investigated based on the distribution
parameters of the hadron spectra. They found, that depend on the size of the final hadronic state, it is possible to
draw conclusions on the dense and strongly interacting matter which exists before hadronization. A linear relation
between the mean transverse momentum of the final state hadrons and the T temperature parameter has been
also obtained. In the analysis of the thermodynamical quantities and their comparison with other theoretical
models they defined and used the Tsallis-thermometer (see Figure) to determine relation between collision
energy and multiplicity configurations [11].
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Relativistic hydrodynamic studies of heavy-ion collisions must face the problem of how to convert the fluid to
particles. For shear viscous fluids, many different models have been proposed for this conversion, based on a
variety of ad hoc assumptions. They demonstrated that these models are inconsistent with the microscopic
dynamics of the fluid, and have utilized kinetic theory to design much improved fluid-to-particle models. Moreover,
they showed how to cure the problem of negative phase-space densities that arise in additive shear viscous
correction models [12].

Applying novel thermodynamical approaches — The numerical method developed for generalized nonlocal
constitutive equations is tested and improved for a certain type of nonlinear problems: when the transport
properties depend on the state variables, too. They found that in these particular cases, the nonlinear stability
analysis can be exchanged with the linear one including an important a priori assumption, the maximum value of
the primary field variable during its time evolution [J6zsa, V; Kovacs, R.: Solving Problems in Thermal
Engineering: A Toolbox for Engineers. Cham, Svajc : Springer-Verlag (2020)]. They also investigated the
connection of entropy principle and its consequences with the variational principles. They elaborated multiple
examples in which we found that nonequilibrium thermodynamics suggests useful extensions. Moreover, the
resulting set of equations also consist the models derived using variational methods as a special case [14].

A Jarlla
Variational principles play a fundamental role in deriving the evolution equations of physics. They work well in the
case of non-dissipative evolution, but for dissipative systems, the variational principles are not unique and not
constructive. With the methods of modern nonequilibrium thermodynamics, one can derive evolution equations
for dissipative phenomena and, surprisingly, in several cases, one can also reproduce the Euler—Lagrange form
and symplectic structure of the evolution equations for non-dissipative processes. They examined some
demonstrative examples and compare thermodynamic and variational techniques. They argued that, instead of
searching for variational principles for dissipative systems, there is another viable programme: the second law
alone can be an effective tool to construct evolution equations for both dissipative and non-dissipative processes
(See Figure from [15]).
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A volume dependent extension of Kerr-Newman black hole thermodynamics has been also develope in [16].

Formation of the National Laboratory on Nanoplasmonic Laser Fusion — They have studied a recently
proposed novel idea for achieving laser-driven nuclear fusion using the enhanced absorption of laser energy in a
medium infused with nanoscale gold particles (so-called nano-plasmonic laser inertial fusion). To further develop
that idea theoretically, we have formed a National Laboratory to perform numerical simulations of Laser Wake
Field Acceleration (LWFA) in a sample that is illuminated by two colliding laser beams. Our results can be applied
to laser driven fusion, but also to other rapid phase transition, combustion, or ignition studies in other

materials [17].

Development for heavy-ion computer simulations — In collaboration with the University of Berkeley (USA)
and loPP CCNU (Wuhan, China), they developed the HIJING++ heavy-ion Monte Carlo Generator with G. Papp
(ELTE) and X.N. Wang (loPP CCNU, LBNL). The transplantation of the original, 20 years old code from
FORTRAN to C++ programming languages was successful. They built the future Monte Carlo generator for the
heavy-ion collisions, HIJING++ were tuned also for nucleus-nucleus (AA) collisions, which will be public soon. In
parallel a Chinese-Hungarian TET project has been started applying deep learning in HIJING++.

Coordinations of the ALICE upgrades and local facilities. — They coordinate the Hungarian contribution to
CERN's largest heavy-ion experiment ALICE. This activity is many-folded: In addition to data analysis, our group
has successfully finished the construction of the world largest, 90 m3-volume, GEM-based TPC for the ALICE
and also the DAQ O2 CRU upgrade projects. These has been in the news, in radio reports, and prodcasts [18].
They operated and developed ALICE GRID Tier-2 Center and the pilot Wigner-ALICE Analysis Facility.

Education, PR and future. — Connected to our group we had 2 BSc and 6 MSc students. Our young colleagues
participated in young researcher's projects and a 2 TDK theses were submitted for the competition.

So far they had 9 young PhD fellow in the research group. Senior colleagues are members of the ELTE, BME,
PTE doctoral programmes. Péter Pésfay and Gyula Bencédi defended their PhD thesis at the E6tvos Lorand
Univeristy, while PhD thesis by Daniel Berényi and also by Gabor Biré were submitted to the ELTE TTK Doctoral
School. dr. Péter Van has successfully got the DSc degree by the Hungarian Academy of Sciences.

Group members played key role in the following workshop, conference and seminar organizations: “The Future
of Many-Core Computing in Science: GPU Day 2020” at the at Wigner RCP; Zimanyi Winter School 2020
(Budapest, Hungary). T.S. Bir6 acts as the main organizer of the Wigner Colloquium series for our Institute.
Group members participated in PR activities such as ELKH’s “The Capital of Sciences” series.

2019

High-energy heavy-ion physics is connected to a large variety of physics disciplines. Our researches probe
fundamental concepts of classical and modern thermodynamics, hydrodynamics, and quantum theory. Therefore,
we have several theoretical and practical topical research directions covering a wide spectrum, such as:
thermodynamics, perturbative and non-perturbative QCD, high-energy nuclear effects, hadronization, hadron
phenomenology, phenomenology of compact stars, and gravity/cosmology. Our studies are strongly motivated by
the needs of several recent and planned large-scale facilities, such as collaborations at the LHC (CERN,
Switzerland) and RHIC (BNL, USA), and future experiments at FCC (CERN), FAIR (GSI, Germany) and NICA
(Dubna, Russia). We have continued our theoretical investigations in the direction of high-energy physics
phenomenology connected to existing and future state-of-the-art detectors. Concerning international theoretical
collaborations, we have established joint work with the Goethe Institute (Germany), LBNL (USA), CCNU, MAP
(China), UNAM (Mexico), and ERI (Japan). We highlight below some of our major published results in details.

New developments in the effective field theory of the strong interaction. — As a member of the CBM
collaboration, we continued the planning of the details of the detector. We participated in the detector simulations
concentrated on the phi meson and on the double strange hypernuclei. We studied the physics cases as well.

We investigated the Fourier coefficients of the net-baryon number density in strongly interacting matter at non-
zero temperature and density. In a QCD-like effective chiral model, we showed that the chiral and deconfinement
properties are reflected by these coefficients, which approach can provide interesting insights into the criticality of
QCD matter [1,2]. We modelled the flavor-dependent EMC effect from a nucleon swelling model applying
nIMParton nuclear modifications. In addition, we presented the expected effect for the spectator-tagged deep
inelastic scattering process, which will be performed by the CLAS12 collaboration with the ALERT detector [3].
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We studied the masses of the low-lying charmonium states, and calculated if y(4040) state can generate the
peak associated with Y(4008) [4].

Multi-wavelength astronomy and investigations of super-dense matter in compact stars. — Investigation of
cold compact stars provides the opportunity to understand cold super-dense matter. These theoretical
developments are strongly connected to recent measurements of compact stars by multi-wavelength
observations and gravitational waves and the future Einstein Telescope, which are supported by theoretical
networking EU COST action PHAROS (CA162014).

In collaboration with A. Jakovac (ELTE) we estimated the variation of neutron star observables by dense
symmetric nuclear matter properties. We calculated the equation of state (EoS) at finite chemical potential and
zero temperature using an extended sigma-omega model and we found strong linear connection between macro-
and microscopic parameters of neutron star and its matter [5]. We also investigated the compact star properties
with Zs. Szép (ELTE), using the equation of state given by the (axial-)vector meson extended linear sigma model,
and we determined the mass-radius relation and study whether these restrictions are satisfied under the
assumption that most of the star is filled with quark matter [6].

We summarized the long-term measurements from the Matra Gravitational and Geophysical Laboratory. This
project is related to one of the proposed next generation ground-based gravitational detector's location in
Hungary. Results of seismic and infrasound noise, electromagnetic attenuation and cosmic muon radiation
measurements were reported in the underground Matra Gravitational and Geophysical Laboratory near
Gyongy0dsoroszi. The collected seismic data of more than two years is evaluated from the viewpoint of the
proposed third generation underground gravitational wave observatory, the Einstein Telescope. These results and
the developed methods for the site selection will significantly improve the signal to nose ratio of the forthcoming
multi-messenger astrophysics era, especially at the low frequency regime [7].

Results from the non-extensive statistical approach. — High-energy heavy-ion collisions are one of the best
testbeds for the non-ideal, non-equilibrium, finite systems. The non-extensive statistical approach, developed by
our group, can describe such a matter by enwidening the framework of classical thermodynamics and statistical
physics towards non-equilibrium and complex system phenomena. This pioneering, novel approach to Tsallis,
Rényi and further non-Boltzmannian entropy formulae have been applied by us in various physical phenomena
from heavy-ion collisions, cosmology to networking. We reviewed in a detailed study of the applied forms of
Tsallis—Pareto formulae and compared them on statistical basis. We have found, that apart from the
thermodynamical consistency, we observed no relevant differences between various formulae [8,9]. We found
relations between the temperature parameter, T and the Tsallis parameter, g—1, of many hadron states (mass-
hierarchy), in parallel with multiplicity and logarithmic dependence on the c.m. energy [10].

Phenomenology, transport, and hydrodynamics for heavy-ion collisions. — Nearly back-to-back di-jets with
medium or large transverse momenta become acoplanar even in the vacuum due to multi-gluon radiation. This
effect could become stronger in hot matter, generated in energetic heavy ion collisions, where the acoplanarity is
dominated by the vacuum (Sudakov) pQCD (perturbative Quantum ChromoDynamics) radiation. We suggested a
higher precision measurement method of the tails of the acoplanarity distributions, which can help to resolve
separately the medium opacity and the color screening scale from the path averaged BDMS saturation scale. The
result was presented also at the Quark Matter 2019 in Wuhan, China [11]. We also participated in the CERN'’s
Future Circular Collider project and contributed to the proposal of the future high-energy heavy-ion experiments
[12-15]. The modification of the jet-structure in high-multiplicity proton-proton collisions was investigated. We
calculated the effect of color reconnection and multiple-parton interactions and observed a multiplicity-
independent characteristic jet size measure [16]. This jet structure study was also investigated in small collisional
systems with the same results [17]. We made a further step in the theoretical model of the generalized Galilean
transformations of tensors and cotensors with application to general fluid motion [18].

Development for heavy-ion computer simulations. — In collaboration with the University of Berkeley (USA)
and loPP CCNU (Wuhan, China), we finished to develop the HIJING++ heavy-ion Monte Carlo Generator with G.
Papp (ELTE), G.Y. Ma (loPP CCNU), and X.N. Wang (loPP CCNU, LBNL). The transplantation of the original, 20
years old code from FORTRAN to C++ programming languages was successful. We built the future Monte Carlo
generator for the heavy-ion collisions, HIJING++ where we finished the tuning of the nuclear effect for proton-
proton (pp) and proton-nucleus (pA) collisions, and could present preliminary physics results in relation with the
multiplicity and hadron mass dependence of the Tsallis parameters [10].

Coordination of the ALICE upgrades. — We coordinate the Hungarian contribution to CERN's largest heavy-
ion experiment ALICE. This activity is many-folded: In addition to data analysis, our group plays key role in the
construction of the world largest, 90 m3-volume, GEM-based TPC for the ALICE and the DAQ O2 upgrade
projects.



Operation and Management of the ALICE GRID Tier-2 Center. — We increased the capacity of the worker
nodes by 20%, which becomes effective by January 2020.

Coordination of the MGGL. — Together with the Gravitational physics research group of the Theory
Department, we coordinated and organized the establishment of the Matra Gravitational and Geophysical
Laboratory of Wigner RCP. It is situated in the Gydngydsoroszi mine and performs various preparational
underground measurements for future third generation gravitational wave detectors. In 2019, we published the
long term data analysis for 2016-2018 in a joint paper, which was submitted to EPJ ST [VanP]. These data were
presented for the LIGO/VIRGO collaborations. In connection with this, we renovated the Janossy-pit at the KFKI
campus and started an improved version of the E6tvOs experiment.

Education, PR and future. — Connected to our group we had 6 BSc and 3 MSc students. Our young colleagues
participated in young researcher's projects and 5 theses were submitted for the TDK competition.

Peter Pésfay and Daniel Berényi defended their theses at Wigner RCP and Posfay submitted his PhD thesis to
the E6tvds Univeristy. So far we have 7 young PhD fellow in the research group. Senior colleagues are members
of the ELTE, BME, PTE doctoral schools.

Group members played key role in the following workshop, conference and seminar organizations: “The Future
of Many-Core Computing in Science: GPU Day 2019” and “Lectures of Modern Scientific Programming 2019” at
the at Wigner RCP; Balaton Workshop 2019 (Tihany, Hungary); Zimanyi Winter School 2018 (Budapest,
Hungary), Verhas80 Workshop, ELFT Vandorgy(lés (Sopron, Hungary); Electrodynamics in Space&Time,
(Somogysimonyi, Hungary); AISIS 2019, UNAM, Mexico. T.S. Bir6 acts as the main organizer of the Wigner
Colloquium series at our Research Centre.

Group members participated in PR activities such as the MAFIHE Schools and Wigner Open Days. We receive
regularly invitation by High Schools from Hungary and abroad for PR talks. Besides these activities, we
established good media connection: we participated in several appearances of news, in radio and television
programs, outreach films.

References:

1. Almasi GA, Friman B, Morita K, Lo PM, Redlich K: Fourier coefficients of the net baryon number density and
chiral criticality. PHYS REV D 100:1 016016/1-16 (2019)

2. Almasi GA, Friman B, Morita K, Redlich K: Fourier coefficients of the net baryon number density and their
scaling properties near a phase transition. PHYS LETT B 793: 19-25 (2019)

3. Bir6 G, Barnaféldi GG, Papp G, Biré TS: Multiplicity dependence in the non-extensive hadronization model
calculated by the HIJING++ framework. UNIVERSE 5:6 134/1-9 (2019)

4. Bir6 TS, Néda Z, Telcs A: Entropic divergence and entropy related to nonlinear master equations. ENTROPY
21:10 993/1-13 (2019)

5. Gyulassy M, Lévai P, Liao J, Shi S, Yuan F, Wang XN: Precision dijet acoplanarity tomography of the chromo
structure of perfect QCD fluids. NUCLEAR PHYSICS A 982 pp. 627-630. , 4 p. (2019)

6. Kovacs R: On the rarefied gas experiments. ENTROPY 21:7 718/1-13 (2019)

7. Ludwig F, Wagner L, Al-Abdullah T, Barnaféldi GG, Bemmerer D, Degering D, Schmidt K, Suranyi G, Sziics
T, Zuber K: The muon intensity in the Felsenkeller shallow underground laboratory. ASTROPART PHYS 112: 24-
34 (2019)

8. Pettersen HES et al. incl. Barnaféldi GG, Varga-Kéfaragdé M [33 authors]: Design optimization of a pixel-
based range telescope for proton computed tomography. PHYS MEDICA 63: 87-97 (2019)

9. Piotrowska M, Giacosa F, Kovacs P: Can the y(4040) explain the peak associated with Y(4008)? EUR PHYS
J C 79:298/1-12 (2019)



10. Posfay P, Barnafdldi GG, Jakovac A: Estimating the variation of neutron star observables by dense
symmetric nuclear matter properties. UNIVERSE 5:6 153/1-10 (2019)

11.  Shen K, Barnafoldi GG, Bird TS: Hadronization within the non-extensive approach and the evolution of the
parameters. EUR PHYS J A 55:8 126/1-18 (2019)

12. Shen KM, Barnafoldi GG, Biré TS: Hadron spectra parameters within the non-extensive approach.
UNIVERSE 5:5 122/1-9 (2019)

13. Somlai LA, Graczer Z, Lévai P, Vastth M, Wéber Z, Van P: Seismic noise measures for underground
gravitational wave detectors. ACTA GEOD GEOPHYS 54: 301-313 (2019)

14. Takatsy J, Kovacs P, Szép Z, Wolf G: Compact star properties from an extended linear sigma model.
UNIVERSE 5:7 174/1-11 (2019)

15. Tambave G et al. incl. Barnaféldi GG, Sudar A, Varga-K&éfaragoé M [37 authors]: Characterization of
monolithic CMOS pixel sensor chip with ion beams for application in particle computed tomography. NUCL
INSTRUM METH A 958: 162626/1-4 (2019)

16. Van P et al. incl. Barnafoldi GG, David E, Debreceni E, Hamar G, Huba G, Kacskovics B, Kovacs R, Lévai
P, Olah L, Varga D, Vasuth M, Zimboras Z, Somlai L [40 authors]: Long term measurements from the Matra
Gravitational and Geophysical Laboratory. EUR PHYS J-SPEC TOP 228:8 1693-1743 (2019)

Conference proceedings:
17. Jou D, Restuccia L, Van P: Introducing Thermocon 2016. ATTI ACCAD PELORIT PERICOL CI SCI FIS
MAT NAT 97:S1 E1/1-17 (2019)

18. VélgyesiL, Szondy G, Téth G, Péter G, Kiss B, Barnafoldi GG, Deéak L, Eget6 C, Fenyvesi E, Gréf G,
Somlai L, Harangozo P, Lévai P, Van P: Preparations for the remeasurement of the Edtvos-experiment. In: Proc.
Int. Conf. on Precision Physics and Fundamental Physical Constants - FFK2019 (Tihany, Hungary, 9-14 June,
2019). POS FFK2019 041/1-13 (2019)

19. Toth Gy, Volgyesi L, Szondy Gy, Péter G, Kiss B, Barnafdldi G, Deak L, EgetéS C, Fenyvesi E, Grof G,
Somlai L, Harangozo P, Lévai P, Van P: Remeasurement of the E6tvos-experiment, status and first results. In:
Proc. Int. Conf. on Precision Physics and Fundamental Physical Constants - FFK2019 (Tihany, Hungary, 9-14
June, 2019). POS FFK2019 042/1-10 (2019)

20. Van P, Ciancio V, Restuccia L: Generalized Galilean transformations of tensors and cotensors with
application to general fluid motion. ATTI ACCAD PELORIT PERICOL CI SCI FIS MAT NAT 97:S1 A25/1-16 (2019)

21. Van P, Ciancio, A, Sziics M: Thermodynamics of Lotka-Volterra dynamics. In: Proc. 13th International
Conference on Heat Engines and Environmental Protection (Budapest, Hungary, 25-26 May 2017). Ed.: Grof G,
BME EGR (2019) pp. 111-123

22. Vélgyesil, Szondy Gy, Téth Gy, Barnaféldi G, Deak L, Egeté Cs, Fenyvesi E, Harangozé P, Grof Gy, Kiss
B, Lévai P, Péter G, Somlai L, Van P: Az Ebtvos-kisérlet Ujramérése (Remeasurement of the E6tvos-experiment,
in Hungarian). In: Proc. Foldtani és Geofizikai Vandorgydlés az évfordulok fényében: A Magyar Kiralyi Foldtani
Intézet jubileuma és az E6tvOs Lorand Emlékév tiszteletére (Balatonflired, Hungary, 3-5 Oct. 2019). Eds.: Budai
T; Palotas K; Piros O, Magyarhoni Foldtani Tarsulat, Magyar Geofizikusok Egyesiilete, (2019) pp. 60-63.

23. Wolf Gy, Balassa G, Kovacs P, Zétényi M, Lee SH: Observation of charmonium mass modification in proton
induced reactions. In: Proc. 8th Int. Conf. on Quarks and Nuclear Physics QNP2018 (November 13-17, 2018,
Tsukuba, Japan) JPS CONF PROC 26 024003/1-4 (2019)

Book:

25. Bir6o TS, Jakovac A: Emergence of temperature in examples and related nuisances in field theory.
SpringerBriefs in Physics, Springer, Cham, 2019, pp. 1-84

Other:



26. Van P: Alvajarunk? (Are we sleepwalking? in Hungarian). FIZIKAI SZEMLE 69:1 21-23 (2019)

2018

High-energy heavy-ion physics is connected to a large variety of physics disciplines. Our researches

probe fundamental concepts of classical and modern thermodynamics, hydrodynamics, and quantum

theory. Therefore, we have several theoretical and practical topical research directions covering a wide spectrum,
such as: thermodynamics, perturbative and non-perturbative QCD, high-energy nuclear effects, hadronization,
hadron phenomenology, phenomenology of compact stars, and gravity/cosmology. Our studies are strongly
motivated by the needs of several recent and planned largescale facilities, such as collaborations at the LHC
(CERN, Switzerland) and RHIC (BNL, USA), and future experiments at FAIR (GSI, Germany) and NICA (Dubna,
Russia). We have continued our theoretical investigations in the direction of high-energy physics phenomenology
connected to existing and future state-of-the-art detectors. Concerning international theoretical collaborations, we
have established joint work with the Goethe Institute (Germany), LBNL (USA), CCNU, MAP (China), UNAM
(Mexico), and ERI (Japan). We highlight below some of our major published results in details.

New developments in the effective field theory of the strong interaction — As a member of the
CBM collaboration, we continued the planning of the details of the detector. We participated in the
detector simulations concentrated on the phi meson and on the double strange hypernuclei. They studied
the physics cases as well.

They proposed a model based on the Statistical Bootstrap approach to estimate the cross sections of different
hadronic reactions up to a few GeV in center of mass energy. The method is based on the idea, when two
particles collide a so called fireball is formed, which after a short time period decays statistically into a specific
final state. They used in a transport model for unknown cross sections.

They studied the masses of the low-lying charmonium states, namely, the J/¥, WY(3686), and W(3770) in
antiproton induced reactions. The masses of these states are shifted downwards due to the second order Stark
effect. They showed using their transport model that the in-medium mass shift can be observed in the di-lepton
spectrum. Therefore, by observing the di-leptonic decay channel of these low-lying charmonium states, especially
for W(3686), thus one can gain information about the magnitude of the gluon condensate in nuclear matter. This
measurement could be performed at the upcoming PANDA experiment at FAIR as they published.

They analyzed the Xi*- baryon production in subthreshold proton-nucleus (p+A) collisions in the framework of our
BUU type transport model. They proposed a new mechanism for Xi production in the collision of a secondary
Lambda or Sigma hyperon and a nucleon from the target nucleus. They find that the Xi*- multiplicity in p+A
collisions is sensitive to the angular distribution of hyperon production the primary N+N collision. Using
reasonable assumptions on the unknown elementary cross sections we are able to reproduce the Xi*- multiplicity
and the i*-/(Lambda+Sigma”0) ratio obtained in the HADES experiment.

In connection to cosmology, they studied the time evolution of the Einstein-conformally coupled Higgs
cosmological models in the presence of Friedman—Robertson—-Walker symmetries. We have found all the
analytical singularities. We have shown that beyond the Big Bang singularity (singular curvature and diverging
Higgs field there is another new kind of physical spacetime singularity ("Small Bang') where the curvature singular
but the Higgs field is finite. Furthermore, we also have shown that there are nonanalytical singularities as well.

Multi-wavelenth astronomy investigations of superdense matter in compact stars— Investigation of cold
compact stars provides the opportunity to understand cold superdense matter and even, speculate on new states
of matter. These theoretical developments are strongly connected to recent measurements of compact stars by
multi-wavelength observations and gravitational waves. These projects are supported by theoretical networking
EU COST action PHAROS (CA162014).

In collaboration with A. Jakovac (ELTE) they constructed a framework using the Functional Renormalization
Group (FRG) technique for a one-fermion and one-boson theory with Yukawa-like coupling, where they
calculated the equation of state (EoS) at finite chemical potential and zero temperature exactly — including
quantum corrections. They investigated the effect of the quantum fluctuations on the nuclear equation of state
and compact star observables. They demonstrated, that correction to the mean field model can result

30% difference in the EoS, which modifies the neutron star mass and radius by 5% (see Fig 1). These



interesting results were published in Phys Rev C and an extended study on the compactness in connection with
multiwavelength stronomy measurements of GW170817 were published in PASA.

They started to investigate a realistic Waleckatype mean field model within this new framework. However an
alternative gravitational theory, a KaluzaKlein type compact object were also analyzed in a multifermion
framework. This result has been presented on the IAU International Conference. In parallel, the foundations of
continuum theories were further researched in non-relativistic, Galilean relativistic and special relativistic
spacetimes.
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Figure 1. Mass-radius diagram of the one-fermion and one-boson theory with Yukawa-like coupling, calculated in
the mean field in and FRG framework. Relative difference of the two model is on the side graphs.

Results from the non-extensive statistical approach — High-energy heavy-ion collisions are good testbeds
for the non-ideal, non-equilibrium, finite systems. The non-extensive statistical approach, developed by their
group, can describe such a matter by enwidening the framework of classical thermodynamics and statistical
physics towards non-equilibrium and complex system phenomena. This pioneering, novel approach to Tsallis,
Rényi and further non-Boltzmannian entropy formulae have been applied by us in various physical phenomena
from heavy-ion collisions, cosmology to networking.

They started a detailed study of the applied Tsallis—Pareto formulae. We found linear relations between the
temperature parameter, T and the Tsallis parameter, g—1 , and the logarithmic dependence on the c.m. energy.
They also fitted the quark-hadron channels of the Tsallis—Pareto-like fragmentation functions in electron-positron
collisions. This result was quite promising, and presented similar values obtained from the fits of the hadron
spectra in proton-proton collision. They also tested this fragmentation function parametrization in a direct pQCD
calculation. Results were presented at The Hot Quarks Conference

The entropy production during hadronization of the quark-gluon plasma were also investigated, based on the
idea, that at high-energies the pair production and the number of resonances is increasing. They extended the
original model with an energy dependent (non-linear) potential (non-constant string force) scenario. This predicts
well the beam energy dependence of the total cross section.

The derivation of Cahn-Hilliard equation with Liu procedure clarifies the thermodynamic background of phase
field theories and they opened a new approach of deriving them without any variational principles. They analysed
the connection between mechanical and thermal continuum phenomena apply the thermodynamic methodology
of internal variables and its consequences to develop new numerical methods, to model experimental results and
for a comparison with other theories.

Phenomenology, transport, and hydrodynamics for heavy-ion collisions. — They investigated
the emergence of the Chiral Magnetic Effect (CME) and the related anomalous current using the real time Dirac-



Heisenberg-Wigner formalism. This method is widely used for describing strong field physics and QED vacuum
tunneling phenomena as well as pair production in heavy-ion collisions. They investigated the strength of the
Chiral Magnetic Effect (CME) in heavy ion collisions in the energy range of the SPS— RHIC-LHC accelerators,
applying the Dirac—Heisenberg—Wigner formalism. The effect is strong and hopefully measurable at the
Sqrt(s)=10-60 GeV energy range, starts to become weaker at 130-200 GeV and disappears at LHC energies.
Recent experimental data confirms these theoretical results. Final conclusion can be obtained after the analysis
of the Beam Energy Scan data at the RHIC accelerator. This result has been published in Phys Lett B.

They investigated the dijet acoplanarity in heavy ion collisions. Nearly back-to-back di-jets with medium or large
transverse momenta become acoplanar even in the vacuum due to multi-gluon radiation. This effect could
become stronger in hot matter,generated in energetic heavy ion collisions. Thus the acoplanarity could carry
inforamtion on the opacity of the hot matter. They described theoretically this dependence and made suggestions
for experimental indications of modified acoplanarity. The analysis of recent LHC data may bring new insigth into
the understanding of this effect and new data could help to determine the opacity in the real collisions. They
result were presented at the Quark Matter 2018.

They made a further step in the theoretical model of the generalized Fourier-Navier-Stokes system in the
framework of non-equilibrium thermodynamics. Solution methods for generalized heat conduction models, and
analyzing their related experiments. The detailed analysis of the possible connections with kinetic theory.

In Boltzmann transport model were also investigated together with D. Molnar (Purdue University, USA) and M.F.
Nagy-Egri (RMI). They constructed parametrizations of nonlinear 2—2 transport model results in 0+1D Bjorken
geometry, in order to better understand dissipative phase space corrections in kinetic theory and test simplified
models/guesses for those commonly used in the literature. It was deemed most immediately suitable for GPGPU
calculations because it mainly involves integration in two dimensions only. They studied, how strongly the initial
conditions effect the final Tsallis-like distribution and the flow values. These results were presented at the Zimanyi
Winter School

An other interesting result of their thermodynamic investigation is related to Schwarzschild black holes. Here we
have proved that introducing the volume as a new thermodynamic variable together with a new interpretation of
the Bekenstein-Hawking entropy eliminates the negative heat capacity of the original theory. In a countinously
accelerating system, similarities with the Unruh temperature were found.

Development for heavy-ion computer simulations — In collaboration with the University of Berkeley (USA)
and IoPP CCNU (Wuhan, China), they finished to develop the HIJING++ heavy-ion Monte Carlo Generator with
G. Papp (ELTE), G.Y. Ma (loPP CCNU), and X.N. Wang (loPP CCNU, LBNL). The transplantation of the original,
20 years old code from FORTRAN to C++ programming languages was successful. They built a parallel code,
providing faster simulations.

The development of the future Monte Carlo generator for the heavy-ion collisions, HIJING++ were reached the
stage. They finished the tuning of the nuclear effect for proton-proton (pp) and proton-nucleus (pA) collisions, and
could present first preliminary physics results on pp and pPb collisions in a large and comprehensive study. The
predictions were done for the identified hadron production for pPb collisions at 8.16 TeV cm energy in greement
with the experimental data.

Coordination of the ALICE TPC upgrades. — They coordinate the Hungarian contribution to CERN's largest
heavy-ion experiment ALICE. This activity is many-folded: In addition to data analysis, our group plays key role in
the construction of the world largest, 90 m3 -volume, GEM-based TPC for the ALICE and the DAQ O2 upgrade
projects.

Operation and Management of the ALICE GRID Tier-2 Center. — We extended our storage capacity: currently
3 storage servers are working. We updated the capacity up to 750TB, all configured and switched online by mid
2018.

Coordination of the MGGL. — Together with the Gravitational Wigner Research group of the

Theory department, they coordinated and organized the establishment of the Matra Gravitational

and Geophysical Laboratory of Wigner RCP. This is situated in the Gydngyosoroszi mine and performs
various preparational underground measurements for future, third generation gravitational wave detectors.
In 2018, they published the long term data analysis for 2016-2018 in a joint paper, which was submitted

to Classical and Quantum Gravity. These data were presented for the LIGO/VIRGO collaborations, to

the Hungarian Academy of Sciences and on various conferences and workshops. In connection to this,
they renovated the Janossy pit at the KFKI campus and they started an improved version of the

Eo6tvos experiment.

Education, PR and future. — Connected to our group we had 5 BSc and 7 MSc students. Our young colleagues



participated in young researcher's projects and a 4 TDK theses were submitted for the competition: Andras
Leitereg (3™ price OTDK, D. Berényi) and Adam Takéacs (G.G. Barnaféldi) awarded the Excellent student Prize of
the ELTE TTK 2018), the Kovacs Robert got the “Gyorgyi Géza Prize” of the MTA Wigner FK.

Peter Posfay and Daniel Berényi passed the Doctoral exams at the E6tvos Univeristy and they preparing their
PhD theses for defense. So far we have 6 young PhD fellow in the research group. Senior colleagues are
members of the ELTE, BME, PTE doctoral preogrammes. The following group members participated as guest
editors: T. S. Bir6 as editor-in-chief in EPJ A Hadrons and Nuclei, and guest editor of the Wigner Yearbook 2018.

Group members played key role in the following workshop, conference and seminar organizations: “The Future of
Many-Core Computing in Science: GPU Day 2018” and “Lectures of Modern Scientific Programming 2018” at the
at Wigner RCP of the H.A.S.; “Mechanika a téridén” space-time summer School;, Zimanyi Winter School 2018
(Budapest, Hungary). T.S. Bir6 act as the main organizer of the Wigner Colloquium series for our Institute.

Group members participated in PR activities such as the MAFIHE Schools, the “CERN 25 (H.A.S.), the CREDO
tutorial workshop and CERN & Wigner Open Days. We receive regularly invitation by High Schools from Hungary
and abroad for PR talks. Besides these activities, we established a good media connection: we participated in
several appearances of news, in radio programs, outreach films and on television.
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High-energy heavy-ion physics is connected to a large variety of physics disciplines. Our research probe
fundamental concepts of classical and modern thermodynamics, hydrodynamics, and quantum theory. Therefore,
we have several theoretical and practical topical research directions covering a wide spectrum, such as:
thermodynamics, perturbative and non-perturbative Quantum Chromodynamics (QCD), high-energy nuclear
effects, hadronization, hadron phenomenology, phenomenology of compact stars, and gravity/cosmology. Our
studies are strongly motivated by the needs of several recent and planned large-scale facilities, such as
collaborations at the LHC (CERN, Switzerland) and RHIC (BNL, USA), and future experiments at FAIR (GSlI,
Germany) and NICA (Dubna, Russia). We have continued our theoretical investigations in the direction of high-
energy physics phenomenology connected to existing and future state-of-the-art detectors. Concerning
international theoretical collaborations, we have established joint work with the Goethe Institute (Germany), LBNL
(USA), CCNU, MAP (China), UNAM (Mexico), and ERI (Japan). We highlight below some of our major published
results in details.

New developments in the effective field theory of the strong interaction. — As a member of the CBM
collaboration, we continued the planning of the details of the detector. We participated in the detector simulations
concentrated on the phi meson and on the double strange hypernuclei. We studied the physics case as well.

We developed a linear sigma model extended with vector mesons, Polyakov loops and with quarks. We
calculated the phase diagram. We found that there is a critical point at rather low temperature. By slightly
changing the parameter set the critical point moves in the direction of the T=0 axes, and will disappear. In our
model we also calculated the isentropic curves and compared them with lattice simulations. The agreement is
remarkable.

The transport model developed here was extended to charmonium production in antiproton induced reactions. In
the investigations the following picture arised: The antriprotons annihilate close to the surface of the heavy nuclei.
The charmonium travels through the nuclei contribution to the dilepton spectra. Crossing again the thin

surface the rest decay in vacuum. The higher lying charmonium states W(3686) and W(3770), expected to have
a mass shift in dense matter in the range of about 100 MeV (see Fig. 1). We found that in the dilepton spectra the
higher-lying charmonium states show up with two peaks. One of the peak is the contribution of the vacuum decay
and the other one is developed from charmonium states decaying around pg density. The peaks are clearly
separated and can be observed at the PANDA detector at FAIR/GSI.
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Figure 1. Charmonium contribution to the dilepton spectra in a pAu collision at 6 GeV bombarding energies,
where the in-medium modifications are accounted for.

Investigations of superdense matter and extra dimensions in compact stars. — Investigation of cold
compact stars provides the opportunity to understand cold superdense matter and speculate on new states of
matter. These theoretical developments are strongly connected to recent measurements of compact stars by
multi-wavelength observations and gravitational waves. Our projects are supported by theoretical networking EU
COST actions: NewCompStar (MP1304) and PHAROS (CA162014).

In collaboration with A. Jakovac (ELTE) we constructed a framework using the functional renormalization group
(FRG) technique for a one-fermion and one-boson theory with Yukawa-like coupling, where we calculated the
equation of state (EoS) at finite chemical potential and zero temperature exactly — including quantum corrections.
We investigated the effect of the quantum fluctuations on the nuclear equation of state and compact star
observables. We demonstrated, that correction to the mean field model can result in 30% difference in the EoS,
which modifies the neutron star mass and radius by 5%. The mathematical technique and the physical
consequences of these results were presented on the Quark Matter 2017 conference and on several other
conferences as invited talks.

In a joint work with E. Forgacs-Dajka (ELTE) the existence of stable compact stars in a simple extra dimensional,
Kaluza—Klein space-time were modeled. The mass-radius, M(R)-relation of a degenerated, non-interacting
fermion star in extra dimensional space-time were presented in the cases of large- and small-sized extra
dimension with several degrees of freedom (many-flavor model). As a result, we found both the observable
maximal mass and the radius of a compact object may vary in a wide range as changing the size or the number
of the extra dimensions.

Results from the non-extensive statistical approach. — High-energy heavy-ion collisions are good testbeds
for the non-ideal, non-equilibrium, finite systems. The non-extensive statistical approach, developed by our group,
can describe such a matter by enwidening the framework of classical thermodynamics and statistical physics
towards non-equilibrium and complex system phenomena. This pioneering, novel approach to Rényi, Tsallis and
further non-Boltzmannian entropy formulae have been applied by us in various physical phenomena like heavy-
ion collisions, cosmology or network science.

We investigated the hadronization in high-energy pp and pPb collisions using the non-extensive statistical
approach. We identified the mass and c.m. energy scaling of the Tsallis—Pareto parameters and compared our
theoretical approach to the experimental data and other models. These results were published in a
comprehensive study in the Entropy journal and presented on the JETC 2017 and QCD@LHC international
conferences. We also compared different non-extensive models for transverse momentum spectra measured in
heavy-ion collisions. In collaboration with K. Shen (CCNU Wuhan, China) we assumed to fix the relative variance
of the temperature fluctuating event-by-event or alternatively a fixed mean multiplicity in a negative binomial
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distribution (NBD). We found linear relations between the temperature parameter, T and the Tsallis parameter,
g-1. We revisited the “Soft+Hard” model by a T-independent average pT2 assumption.

Our description of the hadronization relies on the non-extensive approach may originated from the microscopical
entropy driven (balanced) processes. Together with Z. Neda (Babes-Bolyai University), various models were
tested: (i) the connection between transverse momenta and multiplicity distributions in a statistical framework. We
connect the Tsallis parameters, T and q, to physical properties like average energy per particle and the second
scaled factorial moment, measured in multiplicity distributions. (ii) applying a master equation, we developing a
QCD-like branching model. (iii) A further unidirectional random growth branching with resetting were also
presented, which can be applied to various networks, scientific citations and Facebook popularity, hadronic yields
in high energy particle reactions, income and wealth distributions, biodiversity and settlement size distribution.

Phenomenology, transport, and hydrodynamics for heavy-ion collisions. — We investigated the emergence
of the Chiral Magnetic Effect (CME) and the related anomalous current using the real time Dirac-Heisenberg-
Wigner formalism. This method is widely used for describing strong field physics and QED vacuum tunneling
phenomena as well as pair production in heavy-ion collisions. We extend earlier investigations of the CME in
constant flux tube configuration by considering time dependent fields. In this model we can follow the formation of
axial charge separation, formation of axial current and then the emergence of the anomalous electric current.
Qualitative results have been calculated for special field configurations that help to interpret the predictions of
CME related effects in heavy-ion collisions at different collision energies.

The Boltzmann transport model was also investigated together with D. Molnar (Purdue University, USA) and M.F.
Nagy-Egri (Project R-C). We constructed parametrizations of nonlinear 2—2 transport model results in 0+1D
Bjorken geometry, in order to better understand dissipative phase space corrections in kinetic theory and test
simplified models/guesses for those commonly used in the literature. It was deemed most immediately suitable
for GPGPU calculations because it mainly involves integration in two dimensions only.

In this year we have made three big steps in our ongoing fundamental research for constructing constitutive and
evolution equations of internal variables with the second law of thermodynamics. First a new development of the
methodology resulted in the Cahn-Hilliard equation for extensive internal variables. In our efforts for the validation
of the developed theories we have analysed the low temperature NaF experiments, where the second sound and
ballistic effects were detected together. Here we have shown that non-equilibrium thermodynamics with internal
variables is capable to reproduce the available experimental observations better than other theories. An other
important step of the validation was the discovery of non-Fourier heat conduction in several artificial and natural
materials in macroscopic heterogeneous samples at room temperature. The experiments are analysed and the
deviation from the Fourier theory is inevitable also considering the cooling of the samples.

An other interesting result of our thermodynamic research is related to Schwarzschild black holes. Here we have
proved that introducing the volume as a new thermodynamic variable together with a new interpretation of the
Bekenstein-Hawking entropy eliminates the negative heat capacity of the original theory.

Development for heavy-ion computer simulations. — In collaboration with the University of Berkeley (USA)
and IoPP CCNU (Wuhan, China), we developed the HIJING++ heavy-ion Monte Carlo Generator with G. Papp
(ELTE), G.Y. Ma (loPP CCNU), and X.N. Wang (loPP CCNU, LBNL). We transplanted the original, 20 years old
code from FORTRAN to C++ programming languages, including new, parallel-computing features, resulting faster
simulations as presented on Fig 2.

The development of the future Monte Carlo generator for the heavy-ion collisions, HIJING++ were reached the
stage where we could present first preliminary physics results on pp and pPb collisions, however the new
Dokshitzer-Gribov-Lipatov-Altarelli-Parisi (DGLAP) -evolved, QCD-scale dependent nuclear shadowing is still
under development. The first results were presented on Quark Matter 2017, FCC 2017,

and QCD@LHC conferences and our predictions for pPb collisions at 8.16 TeV cm energy were accepted for
publication.
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Figure 2. Speedup of the new version of the HIJING++ in comparison to other Monte Carlo simaltors.

Identified hadron spectra with ALICE. — We participated in the actual data taking and analysis. We took
ALICE shifts and provided on call experts for the ALICE HMPID (High Momentum Particle Identification Detector)
and ALICE IF (Interface) detectors.

The measurement of light flavor charged hadrons have been performed in pp collisions at 13 TeV around
midrapidity with the ALICE detector. The pT-differential production yields and ratio of yields with respect to
produced pions have been measured. Results are preliminary ALICE Collaboration data. Recent results on small
collision systems (pp) were also presented in the EPSHEP 2017 Conference in Venice on behalf of the ALICE
Collaboration, which will be published in Proceedings of Science (PoS). Two-particle angular correlation
measurements at ALICE on the PbPb and pp data collected in 2010 and 2011 were analyzed. We have found
that the jet-peak broadens towards central events at low transverse momentum in PbPb collisions and that it
becomes asymmetric. We have also found that an unexpected depletion develops around the center of the peak.
By analyzing data from AMPT (A Multi-Phase Transport) Monte Carlo simulations, we concluded that both
phenomena are accompanied by large radial flow, suggesting that the broadening and the depletion is caused by
an interplay of jets and the flowing medium. Results were presented at the Rencontres de Moriond QCD and
High Energy Interactions in 2017, which was followed by a proceedings, and on the 12. WPCF, and at the
Zimanyi School 2016.

Heavy-flavour (beauty and charm) quarks are produced almost exclusively in initial hard processes, and their
yields remain largely unchanged throughout a heavy-ion reaction. Nevertheless, they interact with the nuclear
matter in all the stages of its evolution. Thus, heavy quarks serve as ideal self-generated penetrating probes of
the strongly interacting Quark-Gluon Plasma (QGP). We started to determine the yield and nuclear modification
of beauty jets in pPb collisions at 2.76 TeV recorded by ALICE during Run1 and Run2. We focused on developing
b-jet identification techniques as well as the unfolding of the b-jet spectrum to correct for detector and background
effects. We were appointed on DIS 2017, Zimanyi School 2016, Balaton Workshop 2017 QCD@LHC 2017 and
Debrecen University Symposium 2017.

The Hungarian ALICE Group signed 56 SCl-referred collaboration papers, and several conference proceedings,
and we presented several posters and talks on all these analysis results.

Coordination of the ALICE time projection chamber (TPC) upgrades. — We coordinate the Hungarian
contribution to CERN's largest heavy-ion experiment ALICE. This activity is two-folded: In addition to data
analysis, our group plays key role in the construction of the world largest, 90 m3-volume, gas electron multiplier
(GEM) -based TPC for the ALICE. The ALICE TPC upgrade is a joint project with the Wigner's Innovative Particle
Detector Development “Momentum” Group (D. Varga), the University of Helsinki (Finland), the GSI Darmstadt
and TU Munich (Germany), the Oak Ridge National Laboratory (USA), and CERN. The Budapest Quality
Assurance (QA) Center was built up to making the classification of GEM foils will be used in the ALICE TPC
Upgrade project. The installation of necessary equipments in the Wigner's clean room were finished at late
Autumn. The QA procedure is three-folded: high-definition optical scanning; long-term (5-20 hours) high-voltage
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leakage current tests, in N gas, with 500 V potential, monitoring the sparks and the leakage currents of the
sectors of the GEMs; gain scanning (only in Budapest!) which is an operational test of the GEMs, measuring the
gain features of the GEMs in realistic conditions with Fe-55, with similar spatial resolution as the optical scanning.

For these methods we use several equipments as the 3D High-Definition Scanner Robot with the ISEG controller,
HD camera and optics, and led lighting with light controller (developed in Wigner RC); HV box for the long-term
HV tests with picoAmper meter; and the gain scanner detector developed in Wigner RC. The main goal of gain
scanning to study the correlation between the optical features (e.g. inhomogenities in ring diameter distribution)
and the operational gain features of GEMs, and thus taking predictions for the operation phase. For the data
taking and analysis we have developed a QA GUI application, which can process and classify the foils, displaying
and evaluating both the leakage current and HD optical data. The code is open-source, and available on github.

There is also a middle step in the QA process to extract data from the images by a dedicated GPU based
program running a neural-network-based image recognition routine. When the full QA procedure chain was
installed and tested we organized a dedicated QA meeting in Budapest. We participated on the ALICE TPC UG
TEST BEAM at CERN PS T10 experimental area, where the IROC GEM based test chamber were tested with 1-
5 GeV PS beam.

The Budapest QA-center normal operation (for IROC and OROC2 GEMSs) started in 2017 February. Between
February and August 8 batch of GEMs (GEM Transport System, GTS) was classified in Budapest QA-Center: 1
GTS with 6 preproduction OROC2 GEMs + 7 GTS with 42 production IROC GEMs + 42 production OROC2
GEMSs, which were totally: 90 GEMs. In details 90 GEMs went trough the optical scanning, 86 GEMs went trough
the long-term HV test, 21 GEMs went trough the gain scanning. After QA procedures we sent 7 shipments (GTS)
with 68 GEMs to framing centers Bonn (OROC2 - 4 shipments), WSU-Detroit (IROC - 2 shipments), and 10 failed
GEMSs back to CERN (1 shipment).

Coordination of the ALICE CRU upgrades. — The R&D of the ALICE Data Acquisition system, ALICE O2
project, Common Readout Unit (CRU) FPGA Firmware Development continues to be an ongoing effort. We
introduced a schedule of quarterly firmware releases, and indeed created the 1st, 2nd, and 3rd CRU firmware
releases, each implementing more and more of the functionality required by the Run3 UG.

Currently implemented features include: receiving LHC Clock and trigger via PON from the Central Trigger
Processor / Local Trigger Unit (CTP / LTU) units, or running without them in standalone mode using a local trigger
emulator; playing back detector specific control sequences to signal reset / calibration / physics trigger / etc
events to the front end electronics modules; support for multiple GBT links (up to 24); acquiring data in raw
datalink recorder mode, GBT packet based communication mode, and user logic mode; flow control features of
Run3 (Heartbeat Frames, Time Frames, HB Accept/Reject scheme); packet aware multichannel DMA engine,
delivering the recorded data to buffers in memory, or to raw binary files on disk.

Detector groups started using the firmware, some to read out front end card under development (ITS), some to
add their own detector specific extensions (TPC, TRD), and others for system integration tests (02). Results of
the FW development was presented on the TWEPP 2017 conference. Other experiments (sPHENIX, MPD NICA
DUBNA, CBM/PANDA GSI/FAIR) expressed their interest in reusing the CRU hardware and firmware in their
ongoing upgrade projects, the CRU project will be presented to them. Since 2015, several MSc students has
been participated continously from ELTE and BME our university-level laboratory course.

Operation and management of the ALICE GRID Tier-2 Center. — We extended our storage capacity: currently
3 storage servers are working. The newest, with 180TB capacity was configured and switched online in June
2017 with the full capacity of 500TB.

Coordination of the MGGL. — Our group, together with the Gravitational Wigner Research group of the Theory
department, coordinated and organized the establishment of the Matra Gravitational and Geophysical Laboratory
of Wigner RCP. This is situated in the Gydngydsoroszi mine and performs various preparational underground
measurements for future, third generation gravitational wave detectors. In 2017, we published the first data in a
joint paper in Classical and Quantum Gravity and in the Geofizika journals. These data were presented for the
LIGO/VIRGO collaborations and for various conferences and workshops.

Education, PR and future. — Connected to our group we had 3 BSc and 3 MSc students. Our young colleagues
participated in young researcher's projects and a TDK thesis for competition: Andras Leitereg (special price
OTDK, D. Berényi) and Adam Takacs (G.G. Barnafdldi) were awarded the “New National Excellence Program of
the Ministry of Human Capacities (2017-18), the “30 Under 30 2017” by Forbes Hungary 2017, and the 2nd place
at “Sci-ndicator National Scientific Communication Competition 2017”.



In this year G.G. Barnaféldi received the “Physics Price of the H.A.S.”, PhDs student Rébert Kovacs (P. Van)
Laszlo Olah (GG Barnafoldi & D. Varga) defended their PhD at BME and ELTE doctoral schools, respectively. So
far we have 7 young PhD fellow in the research group. Senior colleagues are members of the ELTE, BME, PTE

doctoral programmes.

Group members participated in PR activities such as the Colorful Physics Bus of the Wigner Institute, Simonyi
Day (Wigner RCP), Science Day (H.A.S.), the “50 Years of Pulsars” (H.A.S.), and CERN & Wigner Open Days.
We receive regularly invitation by High Schools from Hungary and abroad for PR talks. Besides these activities,
we established a good media connection: we participated in several appearances of news, in radio programs,
outreach films and on television.
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