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                Theory & Computing & Experiment groups 

Hungarian ALICE Group

Experiment: Gy. Bencédi, L. Boldizsár, E. Dávid, L. Gáll, Á. Gera, G. Hamar, J. Imrek, T. Kiss, K. Kapás,
       M. Kőfaragó, P. Lévai, M. Nguyen B. Szilágyi, D. Varga, M. Vargyas, O. Visnyei, R. Vértesi

Wigner GPU Laboratory

Computng: D. Berényi, BM. Nagy-Egri, B Kacskovics

Heavy-ion Theory Group, Department for Theoretcal Physics

Theory: D. Berényi, G. Bíró, T.S. Biró, V. Gogokhia, Sz. Karsai, P. Lévai, P. Pósfay, D. Nagy, M.  Németh,   
           Á. Takács, M. Gyulassy,G.Y. Ma, G. Papp,  K.M. Shen, X.N. Wang, B.W. Zhang.
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MOTIVATION
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● Let’s see a simple material...

Material propertes, phases
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● Let’s see a simple material...
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● Let’s see a “simple” material at extreme conditons...

Material propertes, phases



● The phase diagram of a complicated mater – in extreme conditons

Mater of the early Universe: hot & dense mater
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Theoretical Investigations



● Investigation of Low Energy Hadron Spectra
– Low energy hadron spectra, SU(3)xSU(3) symmetric sigma model, transport code; GSI HADES 

experiments theoretical background

Wolf Gy, Kovács P, Zétényi M, Almási G, Balassa, Jóföldi Zs, Váróczy J.

● Perturbative and non-perturbative QCD
– Perturbative QCD: nuklear effects in high-energy collisions; Non-perturbative QCD, mass gap, 

equation of state; theoretical background for ALICE 

BGG, Gyulassy M, Vaghtang G, Pósfay P, Karsai Sz, Berényi D, Biro G, Takács Á 

● Modelling Hadronization and Fragmentation
– Hadronization models by Tsallis-Pareto like distributions, jet-fragmentation and fragmentation functions 

BGG, Biró TS, Shen K-M, Bíró G, Takács Á

● New Thermodynamical Approaches
– Non-extensive thermodynamics, hidrodinamical and statistical approaches, Unruh effect, 

termodynamics in curved space-time 

Bíró TS, BGG, Ván P, Ürmössy K, Kovács R.

Heavy Ion Theory Research Group
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● Extreme dense & cold mater: NORMAL MATTER in QCD

The phases of the strongly interactng mater 
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● Extreme dense & cold mater: NORMAL MATTER in QCD

The phases of the strongly interactng mater 

● QCD is successful, but main problem: Lagrangian 
does not contain any mass scale parameter to 
which we can assign a physical meaning, even 
after renormalization program is performed. 

● Resolving this problem, the mass gap has been 
introduced by Jafe and Witten as a mass scale 
parameter responsible for the large-scale structure 
of the QCD ground state. 

● The mass gap can be introduced via the equation 
of motion describing the propagation of gluons in 
the QCD vacuum. Calculation of e.g. bag constant, 
gluon matter pressure, etc.. 
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● Extreme dense & cold mater: COMPACT STAR EoS

The phases of the strongly interactng mater 
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The inner strucutre of compact stars
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The inner strucutre of compact stars
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EoS Application in    Constraints by
from exp & theory compact stars astrophysical observations

The inner strucutre of compact stars
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The inner strucutre of compact stars
● It is hard to get efective action for an interacting feld theory: 

e.g.: EoS for superdense cold matter (T→ 0 and fnite μ)

● Taking into account quantum fuctuations using a scale, k

– Classical action, S=Γk→Λ in the UV limit, k → Λ

– Quantum  action,   Γ=Γk→0 in the  IR  limit, k → 0

● FRG (non-perturbative) Method: Smooth transition from 
macroscopic to microscopic world using the scale

Λ 0
scale, k
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● Extreme hot & dense mater: HADRONIZATION

The phases of the strongly interactng mater 
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●

In high-energy collisions, hadron appears 

at the end of the partonic (q,g) processes.

The description of the transition of  

partons→ hadrons is still a mistery  

→ phenomenology models are exist

Models for fragmentation:             

Feynman, Lund, string ,cluster, etc.

The phases of the strongly interactng mater 
Extreme hot & dense mater: HADRONIZATION
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Proton-proton collisions identified,inclusive hadron spectra

Low p
T 
 ~ Thermal models

  High p
T
  ~ pQCD

 

Hadronization by Tsallis-Pareto distributions
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Hadronization by Tsallis-Pareto distributions

Experimental observation: Tsallis-Pareto momentum distribution

Kis p
T
:

Nagy p
T
: 

T – parameter (body): Soft p
T

q – parameter (tail): Hard p
T
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Extensive statistics:

Boltzmann-Gibbs distr.:

Non-extenzive statistic:

q-entropy:

Tsallis-Pareto distribution:

Hadronization by Tsallis-Pareto distributions
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Fragmentation (FF)

Hadronization by Tsallis-Pareto distributions



High-energy Heavy Ion Physics with 
ALICE Experiment at the LHC



HIC: Research of the early Universe 

The first 3 min.The first 3 min. 13.6 Billion yr.13.6 Billion yr.



G.G. Barnaföldi: GGSWBS 2018 33ALICEALICE

The Big Bang Experiment at P2: ALICE 



The structure of the ALICE detector 



ALICE: Properties of the Primordial Matter 



ALICE: Search for the perfect fluid...

Quar-Gluon Plasma (QGP):
– proton-proton vs. Pb-Pb
– hot, color (quark+gluon)
– superfluid
– This is a „perfect fluid“... 

                                                     

 proton-proton                                                          Pb-Pb



The Hungarian ALICE Group



Hungarian ALICE Group, Wigner RCP
  of the HAS, Budapest Hungary
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Hungarian ALICE Group, Wigner RCP
  of the HAS, Budapest Hungary

● DAQ – DAQ UG/service group 
– Strongly involved in the ALICE DAQ UG, CRU2 development
– Kiss T, Dávid E, Imrek J, T.M. Nguyen

● P/A – Physics/Analysis group 
– High pT, jets, PID, heavy quarks, correlation

– BGG, Lévai P, Vértesi R, Varga-Kőfaragó M, Bencédi Gy, Szigeti B

● DDG – Detector Development group
– Gaseous detector R&D, TPC UG,  
– Varga D, Boldizsár L, Hamar G, Gera Á 

● GRID – ALICE Tier-2 Site
– T2 Budapest: 1000 cores, 750 TB HDD
– BGG, Bíró G
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ALICE data analysis

50
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● Measurement of high-pT hadron spectra 
with particle identfication (pion, kaon, proton)

● Complex task, done by many detector:

TPC+TOF – Time Projection Chamber+Time of Flight

– low pT<1 GeV/c & high pT> 5 GeV/c 
momentum region

HMPID – RICH, Cherenkov detector

– 1GeV/c <pT  < 5 GeV/c intermediate 
momenum region

ITS – Secondary vertex method 

Identified hadron spectra
→ mass & flavor, triggered correlations

●

ALICE data analysis – identied hadron spectra

51
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Participation in the ALICE      
upgrade (2018-2020)
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22

The upgrade plane of the Large Hadron Collider (LHC)
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The upgrade of the ALICE detector during LS2
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728

ALICE TPC: World’s Largest TPC
● Measuring the path of the particles with the World’s largest 

90m3 Time Projection Chamber
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ALICE TPC: World’s Largest GEM-TPC
● Measuring the path of the particles with the World’s largest 

90m3 Time Projection Chamber
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ALICE DAQ: Highway for Information

ALICE DAQ/DDL (Data Acquisition & Link Connection 
between FEE nad Data Collector Computers: Detector 
Data Link (DDL) & Roead-Out Receiver Carc (RORC)



ALICE DAQ: Highway for Information

ALICE DAQ/DDL 

500  DDLs  

450 D-RORCs 

2 PB/yr

High radiation background (kRad)

Mainly in the TPC

Used by other CERN experiments

Success reloaded.. ALICE DAQ UG 



ALICE DDL/DAQ: data on the Highway



Collaborations in Applied Physics



Mountomograph
– Size: 50x50x50 cm3 

– Sensitive area: about a A4 page

– Resolution < 10 mrad

– Mass: 10-13 kg

– Power consumption: < 5W

– Gas Ar+CO2 1l/hour

– For sale 3000 EUR+TAX+shipment

Cosmic Muon Tomography



Mountomograph – the idea
– Cosmic muon angular distribution &

flux is well known 

– Underground measurements

can be done to measure large-scale

inhomogenities

– It can be used to explore undergound

structures: caves, pyramids, pipes,

mines, volcanoes.. High density

Cosmic Muon Tomography



Mountomograph references
– HZDR Dresden, Germany

Underground Laboratory background 

– Saud Arab Emirates 

Archeology & mine technology 

– University of Tokyo, Japan

Volcano Scanning for eruption research

– Hungary

Speleology (cave research)

Civil Engineering

Homeland Security

Cosmic Muon Tomography
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Particle physics against cancer...

Radiotherapy is an important weapon in the 
batle against cancer

Contributions to successful treatment of 
cancer
45-50% surgery

40-50% radiotherapy
10-15% chemotherapy
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Particle physics against cancer...

The goal of radiaton therapy is to irradiate 
the tumor with the prescribed dose and 
minimize the dose to healthy tssue

Photons (electromagnetc):

Hadrons (proton, nuclei):
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Particle physics against cancer...
Figur fra Engeseth, GM (Haukeland))

The goal of radiaton therapy is to irradiate 
the tumor with the prescribed dose and 
minimize the dose to healthy tssue

Photons (electromagnetc):

Hadrons (proton, nuclei):
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pCT project
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pCT project
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pCT project



Computing: Wigner GPU Laboratory



Software R&D for parallel computing

Wigner GPU Laboratory
gpu.wigner.mta.hu

GPU Day – Schools & Workshops

Support of projects

Academy: WDC, CERN Openlab

Partners: Lombiq,KHRONOS

ColSpotting: CERN IT as USER(!)

2 years of running:

– Fellowships (1-2 month)

– 10 IF papers

– 3-5 ongoing projects



● LHC upgrades  & theories required more and faster HI simulations
● 15-20 Petabytes data per year

● ...and more after LHC upgrades

HI data from the Large Hadron Collider



● WLCG – Worldwide LHC Computing GRID:
● LHC made 15-20 PB data per year

● ...and now before HL-LHC 2PB/day

HI data from the Large Hadron Collider



More data: motivation for fast computing at CERN



Fast computing = parallel computing
● Moore's law: 

Every 2nd year the number of 
transistors (integrated circuits) 
are doubled in computing 
hardwares.

● Amdalh's law:

The theoretical speedup is given by 
the portion of parallelizable program, 
p, & number of processors, N, is: 
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The HIJING++

adjoint representation 8 of SU(3)

Bagua (eight simbols)

fundamental principles of reality

HIJING(Heavy-Ion Jet INteraction Generator)

               易經



Program Structure

• Pythia8 namespace 
containers

• Structure similarites

• Actual program fow is 
more complicated

• New: HijManager
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THOR EU COST Action CA15213
● Theory of Hot Matter and Relativistic Heavy Ion 

Collisions
● http://thor-cost.eu

PHAROS EU COST Action CA16214
● The multi-messenger physics and astrophysics of 

neutron stars

Wigner GPU Laboratory
● Highly-parallel computing techniques
● http://gpu.wigner.mta.hu

Join us
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