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Personnel: 25 FTEs 
5 scientific advisors (equivalent of university professor at 
research institutes) 
14 research associates (researchers with PhDs) 
6 students 

Activities: 
Theoretical research: QFT, QCD & HIC phenomenology 
Coordination of contributions to large-scale experimental 
research: CERN LHC ALICE, CMS, GSI FAIR,  
GPU & cloud computing, big data science,  
hardware & software development
Representation of the Hungarian community in NuPECC, 
ApPEC and ECFA  
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Budapest
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Strengths:  
excellent research acclaimed internationally, highly qualified 
scientists, good international relations 

Weakness:   
majority close to retirement, few young colleagues stay after 
PhD (low salary) 

Opportunities: 
national, bilateral, COST grants 

Threats:  
young colleagues leave for abroad, or for significantly better 
paid jobs (e.g. in finance), uncertain international 
environment 
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Personnel: 28 FTEs 
6 professors (+ 1 on long term leave) 
14 research associates (researchers with PhDs) 
8 students 

Activities: 
University teaching 
Theoretical research: BSM phenomenology, GR, heavy ion 
phenomenology, lattice QCD, QFT, string theory 
Coordination of contributions to large-scale experimental 
research: Hungarian CERN Committee  
Representation: liaison of HU in IUPAP 
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Strengths:  
excellent research acclaimed internationally, highly qualified 
scientists, good international relations, leading position 
among central European university physics institutes 

Weakness:   
sluggish university administration, relatively few international 
young researchers 

Opportunities: 
national, international, bilateral, grants 

Threats:  
uncertain international environment 
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Personnel: 5 FTEs 
3 research associates (researchers with PhDs) 
2 students 

Activities: 
University teaching 
Theoretical research: QFT, QCD phenomenology  
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Strengths:  
excellent research, well qualified scientists 

Weakness:   
very small group with diverse interest, very few students 

Opportunities: 
presence of international students 

Threats:  
university strategic plan lacks this field of research



Topics and outstanding results 
(in alphabetical order)
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Femtoscopy, heavy ion phenomenology and theory 
(ELTE and Wigner)
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Demonstration of >5 sigma statistical significance for odderon 
exchange               [Csörgő et al, Eur. Phys. J. C (2021) 81:180]

Eur. Phys. J. C (2021) 81 :180 Page 13 of 53 180
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Fig. 2 Scaling behaviour of the differential cross section dσ/dt of
elastic pp collisions at LHC energies. Elastic scattering data are mea-
sured by the TOTEM Collaboration at

√
s = 13 TeV [1], at

√
s = 7 TeV

[28], and at
√
s = 2.76 TeV [4]. Left panel shows the 2.76 and 7 TeV

data points with statistical errors only, while the right panel shows the
7.0 and 13.0 TeV data with statistical and t-dependent systematic errors

added in quadrature. The left panel indicates, that the H(x) scaling is
within statistical errors valid between

√
s = 2.76 and 7.0 TeV, so the

H(x) scaling works from 7 TeV downwards. The right panel indicates
that the H(x) scaling is violated, when the colliding energy is increased
from

√
s = 7.0 to 13 TeV: the right panel indicates scaling violations

that go well beyond the combined statistical and systematic errors
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Fig. 3 Scaling behaviour of the differential cross sectiondσ/dt of elas-
tic pp collisions from ISR to LHC energies. Data points are the same
as shown in Figs. 1 and 2. (Left panel): Data points are shown with

statistical errors only. (Right panel): Same data set, but now showing
both statistical and t-dependent systematic errors added in quadrature

of the pp̄ collisions measured by the D0 collaboration at√
s = 1.96 TeV Tevatron energy [8]. The right panel of Fig. 4

compares the H(x) scaling functions of elastic pp collision
at

√
s = 7 TeV LHC energy [28,74] to that of the elastic

pp collisions at the Tevatron energy,
√
s = 1.96 TeV. On

both panels, the statistical errors and t-dependent systematic
errors are added in quadrature. Lines are shown to guide the
eye corresponding to fits with the model-independent Lévy
series studied in Refs. [9,26]. These plots suggest that the
comparison of the H(x) scaling functions or elastic pp to
pp̄ collisions in the TeV energy range is a promising method
for the Odderon search, and a precise quantification of the
difference between the H(x) scaling functions for pp to pp̄
collisions data sets is important. But how big is the difference

between the H(x) scaling functions of elastic pp collisions
at similar energies?

The H(x) scaling of the differential cross section dσ/dt
of elastic pp collisions is compared at the nearby

√
s = 2.76

and 7 TeV LHC energies in Fig. 5. These plots are similar to
the panels of Fig. 4. The H(x) scaling functions are remark-
ably similar, in fact, they are the same within the statistical
errors of these measurements. Due to their great similarity, it
is important to quantify precisely how statistically significant
their difference is.

We stress in particular that the possible scaling violations
are small, apparently within the statistical errors, when pp
results are compared at LHC energies and

√
s is increased

from 2.76 to 7 TeV, by about a factor of 2.5. This makes it

123

Scaling behaviour of the differential cross section dσ/dt  
of elastic pp collisions from ISR to LHC energies. 



Femtoscopy, heavy ion phenomenology and theory 
(ELTE and Wigner)
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Demonstration of >5 sigma statistical significance for odderon 
exchange               [Csörgő et al, Eur. Phys. J. C (2021) 81:180]  
HIJING++ software        [Barnaföldi et al, Nucl.Part.Phys.Proc. 289-290 (2017) 373-376]



Femtoscopy, heavy ion phenomenology and theory 
(ELTE and Wigner)
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Demonstration of >5 sigma statistical significance for odderon 
exchange  
HIJING++ software        [Barnaföldi et al, Nucl.Part.Phys.Proc. 289-290 (2017) 373-376]  

Hadronization with Tsallis-Pareto-like fragmentation 
        [Bíró et al, J.Phys.G 47 (2020) 10, 105002] 

Tsallis-thermometer: a QGP indicator for large and small collisional systems 9

(a) (b)

Figure 1: Left panel: The �2/ndf values for identified hadrons measured in pp, pA

and AA collisions at various collision energies, as function of the event multiplicity.

Right panel: The yield of charged kaons measured at
p
s = 7 TeV pp collisions at

di↵erent multiplicity classes and the corresponding fitted Tsallis – Pareto distributions.

The roman number ’I’ denotes the highest multiplicity class, while ’X’ is the lowest

multiplicity class (see text and table A2 in section Appendix A). For better visibility

the di↵erent multiplicity classes are shifted.

4.2. Unfolding minimum bias parameters

In our earlier study we have established a connection between the Tsallis – Pareto

parameters fitted to several spectra of various identified hadrons stemming from

minimum bias pp collisions [25]. We have found that both T and q show a tendency

increasing with the CM energy in a form of (20) and (21). For the sake of consistency,

we repeated the fits with a slightly di↵erent fitting function (17) including further CMS

experimental results [118]. The Ti and qi parameters are summarized in table 1 for the

given hadron species.

Table 1: The fitted parameters of (20) and (21) for minimum bias proton-proton

collisions in a center-of-mass energy range of
p
s 2 [62.7; 7000] GeV

Hadron m (GeV) q1 q2 T1 (GeV) T2 (GeV)

⇡± 0.140 1.001±0.005 0.016±0.004 0.038±0.017 0.005±0.002

K± 0.493 1.008±0.024 0.019±0.005 0.013±0.016 0.017±0.002

p(p̄) 0.938 1.001±0.044 0.018±0.007 0.016±0.011 0.023±0.002

The extracted parameters, T and q, of charged pions, kaons and protons stemming

from minimum bias pp collisions from
p
s =62.4 GeV to 7000 GeV are plotted on

Yields of charged kaons in 
different multiplicity classes



Femtoscopy, heavy ion phenomenology and theory 
(ELTE and Wigner)
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Demonstration of >5 sigma statistical significance for odderon 
exchange  
HIJING++ software        [Barnaföldi et al, Nucl.Part.Phys.Proc. 289-290 (2017) 373-376] 
Hadronization with Tsallis-Pareto-like fragmentation  

        [Bíró et al, J.Phys.G 47 (2020) 10, 105002] 
Construction of models for HICs at RHIC/LHC/FCC-energies 



Lattice QCD highlights 
(ELTE)
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Computation of the HVP contribution to the muon (g-2) 
[Borsányi et al., Nature 593 (2021) 7857]

CHHKS’19

KNT’19

DHMZ’19

BMWc’17

RBC’18

ETM’19

FHM’19

Mainz’19

BMWc’20

 660  680  700  720  740

 1010 × aLO-HVP
µ

lattice
R-ratio

no new physics

Figure 3: Comparison of recent results for the leading-order, hadronic vacuum polarization contribution
to the anomalous magnetic moment of the muon. See [7] for a recent review. Green squares are lattice
results: this work’s result, denoted by BMWc’20 and represented by a filled symbol at the top of the figure,
is followed by Mainz’19 [32], FHM’19 [33], ETM’19 [34], RBC’18 [19] and our earlier work BMWc’17
[14]. Errorbars are s.e.m. Compared to BMWc’17, the present work has increased the accuracy of the
scale-setting from the per-cent to the per-mill level; has decreased the statistical error from 7.5 to 2.3;
has computed all isospin-breaking contributions as opposed to estimating it, the corresponding error is
1.4 down from 5.1; has made a dedicated finite-size study to decrease the finite-size error from 13.5 to
2.5; has decreased the continuum extrapolation error from 8.0 to 4.1 by having much more statistics on
our finest lattice and applying taste improvement. Red circles were obtained using the R-ratio method
by DHMZ’19 [3], KNT’19 [4] and CHHKS’19 [5, 6]; these results use the same experimental data as
input. The blue shaded region is the value that aLO�HVP

µ
would have to have to explain the experimental

measurement of (gµ � 2), assuming no new physics.

8

Budapest 
Marseille 

Wuppertal



Lattice QCD highlights 
(ELTE)

17

Computation of the HVP contribution to the muon (g-2) 
[Borsányi et al., Nature 593 (2021) 7857] 

Finite temperature QCD crossover line has been determined 
using continuum extrapolated lattice QCD calculations. 

[Borsányi et al., Phys.Rev.Lett. 125 (2020) 5, 052001]
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Particle phenomenology 
(DE, ELTE, Wigner)
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QCD corrections at NLO, NNLO and matched to resummation 
or parton shower 

[Zoltán Tulipánt et al., Energy-energy correlation…, Eur.Phys.J.C 77 (2017) 11, 749]
Eur. Phys. J. C (2017) 77 :749 Page 11 of 14 749

duced. The bottom panel shows the ratio of the data and the
R matched prediction to the log-R matched result, with the
bands representing scale uncertainty.

Finally, we investigate the impact of NNLO corrections
and repeat the three-parameter fit in the same range of
0◦ < χ < 63◦, but using our most accurate NNLL +
NNLO theoretical prediction. The best fit corresponds to
χ2/d.o.f. = 56.7/48 = 1.18 and we extract the following
parameter values:

NNLL + NNLO (log-R) : αS(MZ ) = 0.121+0.001
−0.003,

a1 = 2.47+0.48
−2.38 GeV2, a2 = 0.31+0.27

−0.05 GeV. (4.6)

Once more, the uncertainties shown include the fit uncertain-
ties and theoretical uncertainties added in quadrature. The
correlation matrix of the fit for the central values again shows
that αS and a2 are very strongly anti-correlated:

NNLL + NNLO (log-R) :

corr(αS, a1, a2) =




1 0.05 −0.97

0.05 1 −0.07
−0.97 −0.07 1



 . (4.7)

We see that the quality of the fit improves drastically com-
pared to the purely perturbative fit reported in Table 1. More-
over, the extracted value of αS(MZ ) is sizably reduced com-
pared to the fits based on NNLL + NLO predictions and is
indeed compatible with the world average within uncertain-
ties.

Figure 7 shows the comparison of the best fit NNLL +
NNLO result to the measured data. We again observe that
the measurement is very well described by the theoretical
prediction and, in particular, the impact of the NNLO cor-
rection is clearly visible in the medium χ range, where the
agreement between the data and the prediction is now excel-
lent. The systematic deviation which is present in the NNLL
+ NLO predictions in this range is completely erased when
the NNLO correction is taken into account. At the same time
the best fit value of αS(MZ ) is shifted by about − 6%. We
conclude that the inclusion of the fixed-order NNLO correc-
tion is essential for a precise determination of αS from EEC.

Finally, the three-parameter fits show that in this approach
to hadronization corrections, the non-perturbative parame-
ter a1 is more important than a2. As stressed already in
Ref. [5], this indicates that the parametrization in Eq. (4.1)
is not able to fully describe the non-perturbative correc-
tions, especially at medium and large χ . Hence, part of the
hadronization effects are absorbed into the strong coupling.
This is also apparent from the very strong anti-correlation in
the fits between αS and the non-perturbative parameter a2.
Thus, it would be very interesting to repeat our analysis with
hadronization corrections extracted from data by comparison
to Monte Carlo simulations. The results of such an analysis
will appear elsewhere [46].
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Fig. 7 NNLL + NNLO matched prediction for EEC. The analytic
model of Eq. (4.1) is used to account for hadronization corrections. The
bottom panel shows the ratio of the data to the matched result. The band
represents renormalization scale variation in the range µ ∈ [Q/2, 2Q]
with three-loop running of αS

5 Conclusions

In this paper we presented precise QCD predictions for the
energy–energy correlation in e+e− collisions. Our compu-
tation includes fixed-order perturbative corrections up to
NNLO accuracy, as well as a resummation of the logarith-
mically enhanced terms in the back-to-back region at NNLL
accuracy. In order to obtain a description which incorporates
the complete perturbative knowledge about the observable
and is valid over a wide kinematical range, the fixed-order
and resummed predictions must be matched. We have imple-
mented this matching in the R scheme at NNLL + NLO and
also, for the first time, in the log-R scheme at both NNLL
+ NLO and NNLL + NNLO accuracy. All of our matched
results satisfy the physical requirement that the EEC distri-
bution should vanish as χ → 0.

We also presented perturbative predictions at NNLL +
NLO and NNLL + NNLO accuracy and compared these
to precise OPAL and SLD data. In particular, we have per-
formed a fit of our results to the data with the strong coupling
αS as a free parameter. Using an analytic model to account for
hadronization corrections, we obtain a very good description
of the data down to the smallest measured angles. We observe
that the inclusion of the NNLO corrections has a significant
impact on the extracted value of αS(MZ ), shifting the best
fit value by around − 6% compared to the NNLL + NLO
computation. Hence, the inclusion of these corrections in a
precise measurement of αS from EEC is mandatory.

123



Particle phenomenology 
(DE, ELTE, Wigner)
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QCD corrections at NLO, NNLO and matched to resummation 
or parton shower 

[Zoltán Tulipánt et al., Eur.Phys.J.C 77 (2017) 11, 749] 

BSM phenomenology of the Superweak extension of SM 
[Iwamoto et al,Sterile neutrino dark matter…, JCAP 01 (2022) 01, 035]



Relativistic hydrodynamics 
(ELTE and Wigner)

20

Accelerating hydrodynamic description of pseudorapidity 
density and the initial energy density in p+p , Cu + Cu, Au + 
Au, and Pb + Pb collisions at energies available at the BNL 
Relativistic Heavy Ion Collider and the CERN Large Hadron 
Collider 

[Csanad et al, Phys.Rev.C 97 (2018) 6, 064906]
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FIG. 1: (Color online) Left: Charged particle pseudorapidity distributions measured by CMS [30]

and TOTEM [31] at 7 TeV (first row) and 8 TeV (second row), compared to calculations from

the relativistic hydrodynamic solution presented in this paper, similarly to Ref. [23]. Right: The

correction factor ✏corr/✏Bj is shown as a function of freeze-out time versus thermalization time

(⌧f/⌧0) for the central collision (the dashed lines represent the uncertainty).

V. ANALYSIS OF PROTON-PROTON AND NUCLEUS-NUCLEUS COLLISIONS

AT LHC AND RHIC ENERGIES

Detailed measurements of the charged particle pseudorapidity distribution dN/d⌘ at dif-

ferent
p
sNN are available at RHIC [17, 29] and at the LHC [18, 26]. Hence one can extract

the acceleration parameter of these systems. In this Section, we analyze a series of dN/d⌘

datasets, obtain acceleration parameter � and calculate the energy density correction ratio

✏corr/✏Bj (as a function of ⌧f/⌧0). We then give the improved estimate of the initial energy

density ✏corr, the initial temperature and the initial pressure with di↵erent Equations of State

(di↵erent  values) as a function of multiplicity.

8



Quantum field theory highlights

21

Studies of localized and weakly localized states (breathers, 
oscillons, oscillatons) and Q-balls in field theories coupled to 
gravitation, e.g. Anti–de Sitter geon families 

[Fodor et al., Phys.Rev.D 96 (2017) 8, 084027] 

Proof of a conjectured expression for the currents of the 
conserved charges in local equilibrium, for interacting lattice 
models, leading to a generalized Euler-type hydrodynamic 
equation 

[Borsi et al, Phys.Rev.X 10 (2020) 1, 011054] 

Quantification of GR effects in muon g-2, EDM and other spin 
precession experiments in connection with CERN’s planned 
Charged Particle Electric Dipole Moment experiment 

[László, Zimborás, Classical and Quantum Gravity, 35 (2018) 175003]



In summary: pro’s and con’s
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Pro’s:  
strong tradition in HEPP theory 
excellent research results 
many opportunities for short term support  

Con’s: 
career future looks uncertain 
young colleagues leave the field or the country



Great thanks
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to the Hungarian HEPP community 
for helping me collecting data  

to this presentation 

The end 


