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Past – Present – Future – Beyond 

Why?
    Where? 

       Who?
               What?

High-energy Heavy-ion Research in Hungary 



WHY? 



Investigating the primordial matter of the Universe

The Universe is 13.7 billion years old? How was it milliseconds after the Big Bang?



WHERE? 



A Large Ion Collider Experiment, CERN LHC
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A Large Ion Collider Experiment, CERN LHC



WHO? 



Hungarian ALICE Group 

J. Zimányi: Zimányi medal for HI theory
Gy. Vesztergombi: Vesztergombi HEP Lab 



Hungarian ALICE Group 



Hungarian ALICE Group 

Team Leader/CB member: G.G. Barnaföldi 
Dept. TL/Heavy Flavor coordinator: R. Vértesi
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Hungarian ALICE Group Members (2002-2022)



Hungarian ALICE Group (2010-2022)

 Q1-Q2 publications: 570+ 

 Total publications:  2480+

 PhD researches:       16

 Msc/Bsc works:      26
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Hungarian ALICE Group (2010-2022)

 Q1-Q2 publications: 570+ 

 Total publications:  2480+

 PhD researches:       16

 Msc/Bsc works:      26

 National Competition (TDK)   18

 Posters     50+

 Conference contributions:    160+

 Prizes       9
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Funding Agency: NRDIO (NKFIH in Hungarian)
Grant Holder: Wigner Research Centre for Physics 

 MNO-A & B for 6(7) scientists ~9kCHF/MNO-A/year + students

 Related NRDIO grants
 Running: 2020-2024:K135515, 2019-2023:FK131979, 2020-2022:2019-2.1.11-TÉT-

2019-00050, 2020-2022:2019-2.1.11-TÉT-2019-00078, 2020-2023:2019-2.1.6-
NEMZ_KI-2019-00011

 Past: 2016-2020:K120660, 2012-2016:NK106119, 2009-2013:NK77816, 2009-
2013:CK77815,   2007-2010:H07-C 70464, 2007-2008:IN 71374, 2006-2009:NK62044 

 In connection with National TOP50 Research Infrastructures
 Vesztergombi High-energy Research Laboratory (VLAB)

 Wigner Scientific Computing Laboratory (WSCLAB)

Hungarian ALICE Group (2010-2022)
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Further investment into ALICE projects by Hungary  (salary of employed team 
members and experts, laboratories, etc.) during the period of 2009-2022:

 VHMPID project: 1000 kCHF →  Letter of Intent, EPJ Plus 129 (2014) 91 

 HMPID project: 200 kCHF → detector in operation 2009-2013,  20kCHF 2013-2022

 DAQ Upgrade: 50 kCHF → during the period 2009-2013

 TPC Upgrade local: 150 kCHF → Wigner Innovative Detector Laboratory, 2013

 TPC Upgrade cost:  200 kCHF →  2014-2022

 Yearly upgrade & other costs 10kCHF →  2022-2024

Hungarian ALICE Group (2010-2022)



Hungarian ALICE Group (2010-2022)
1. Well developed theoretical background in 

heavy-ion physics → Theory talk (Z. Trócsányi)

2. Intense participation in R&D activity  
→ LoI preparation and deliverables (D. Varga)

3. Intense participation in data analysis  
→ QGP: PID hadron spectra, Heavy Flavor 
physics, jet physics, correlations

4. Enhanced activity in data taking 
→ ALICE Remote Operation Site @Wigner RCP

5. Intense computing activities at large scale
→ Software & hardvare developemnt (G. Bíró) 



WHAT? 



ALICE LS2 R&D 



ALICE LS2 R&D 



1. The upgrade of the ALICE’s DAQ 
system, CRU2 R&D → 4TB/s speed

2. QA & building the new, GEM-based 
ALICE TPC R&D  → World record: 90m3

3. Inner tracking system (ITS2) upgrade 
(silicon-pixel MAPS technology) test → 
10m2 & 13Gpixel

4. Big Data: First large scale Specialized 
Analysis Facility @ WDC → 100 PB adat

5. Data Analysis & software developments 
→ 100 000 line of code

ALICE LS2 R&D – the Hungarian Contribution



ALICE LS2 R&D + Ongoing Run3
• More precise pesudo-rapidity distributiuon 

measurememnts, PID hadron spectra

• Jet-structure measurements: jet-fragmentation, 
hadronization, pp, pPb

• Deuteron-production: testing coalescence model
 
• Investigating the charm hadron production (Λc/D 

ratio & DD correlations)

• Heavy flavor production in XeXe and PbPb 
collisions
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• More precise pesudo-rapidity distributiuon 
measurememnts, PID hadron spectra

• Jet-structure measurements: jet-fragmentation, 
hadronization, pp, pPb

• Deuteron-production: testing coalescence model
 
• Investigating the charm hadron production (Λc/D 

ratio & DD correlations)

• Heavy flavor production in XeXe and PbPb 
collisions → Vote for HI Run in 2022!

• Status of today?

ALICE LS2 R&D + Ongoing Run3



WHAT ELSE? 



R&Ds for the LS3 period
• FOCAL and ITS3 R&D in ALICE

• ITS3: bendt silicon pixel detector 
technology: MAPS has been 
tested at DESY. (Our task: 
Cooling simulations ITS3 WP5)
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• FOCAL and ITS3 R&D in ALICE

• ITS3: bendt silicon pixel detector 
technology: MAPS has been 
tested at DESY. (Our task: 
Cooling simulations ITS3 WP5)

• Detector-part tests + DAQ-
system R&D 

• Better then 2x more precise 
heavy flavor measuremetns: fine 
structure of the jets, measuring 
fragmentation & hadronization.

 

R&Ds for the LS3 period



R&Ds for the LS3 period

• New radiation tolerant DAQ system R&D

• Versatile+ link optical receiver
• 20x10x2,5 mm
• 4x5-10 Gb/s download + 1x2,5 Gb/s 

upload
• Between -35C and 60C 
• Radiation tolerance: 1 MGy or  

1000+hadron/cm2
• Optoelectronic data transfer: 28/56 Gb/s 

 



 ALICE3 Letter of Intent 
• Physics: Test of principles of quantum field 

theory (QFT), in medium effects (QCD chiral 
symmetry restoration, exotic hadrons, DM).

• Large Acceptance: Δη = 8

• PID: TOF 20 ps time resolution, aeroge-
based RICH

• Zero momentum detector: pT  50 MeV/c (at ≲
mid rapidity);   10 MeV/c (forward) ≲

• MAPS detector systems: 12 layer + CMOS-
disks + Cherenkov detectors



ALICE3 Letter of Intent  

• Electron ID: Low-mass di-electron spektum: 
• 50 MeV/c < pT < 3 GeV/c

• Hadron ID: Heavy Flavor (secondary vertex) 
• 50 MeV/c < pT < 5 GeV/c, π/K/p ID with 3sigma 

• Photon detection: ultra low energy photons, 
• calorimetry for 10 MeV/c < pT < 100 MeV/c 

• Primary vertex: with mm resolution: bendt 
silicon pixel technology

• MuonID: Search for quarkonia & exotic hadrons: 
precise muon detection around ~1 GeV/c 



 Physics, analysis, performance simulations
 Contribution to the ALICE3 LoI: 

E. Frajna, R. Vértesi

ALICE3 Letter of Intent  



EVEN MORE? 



 Detector UG & Medical applications (Á. Sudár, M. Varga-Kőfaragó, GGB)
 ITS3 → ALICE3 MAPS technology, DAQ systems, cooling
 Bergen Proton CT collaboration
 RICH technologies (earlier HMPID/VHMPID group)

HADRON THERAPY R&D
                  

ALICE Technology Transfer → Medical Application  



Participation in FCC-hh heavy-ion programme planning 

2

• FCC-hh: A general purpose ,100km 
circumference hadron collider → 
proposal for detector optimalized for  
heavy-ion programme
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• An order of magnitude higher 
c.m. energy: Testing the 
promordial matter EoS at unknown 
energy regimes.

• Heavy quark production: top 
physics beside beauty and bottom.

• Small-x physics: New regimes for 
PDF/FF. 

• → Nuclear effects with new HI 
MC generator,  HIJING++ (new, 
fast, paralel)

Participation in FCC-hh heavy-ion programme planning 



Heavy-ion Research at RHIC (M Csanád) 



  STRENGTH
• Well-defined physical programme
• Relevant group, good local experts
• New technological challenges
• Supportive environment

WEAKNESS & RISKS
• Lack of stability 
• Low salaries
• Eastern-European effects

Summary: Heavy-ion Research with ALICE



The Hungarian ALICE Group (2002-2022)

Support: NKFIH/OTKA FK131979, K135515, NEMZ_KI-2019-00011
Web: http://alice.wigner.hu, http://alice.web.cern.ch

http://alice.wigner.hu/
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