
30 years of Slovak Republic at CERN

Marek Bombara, 27. 6. 2023, Bratislava

Experiment ALICE



2

ALICE experiment at the Large Hadron Collider 

• dedicated to study hot and dense nuclear 
matter in heavy ion collisions


• crucial part of the physics programme is to 
study pp and p−Pb collisions
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Why do we study heavy-ion collisions? 

• to explore the QCD matter phase diagram 
• unique opportunity to study primordial 

matter from the Big Bang epoch in the 
laboratory

Fig: http://inspirehep.net/record/1397855/plots
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http://inspirehep.net/record/1397855/plots


Little Bang in ultrarelativistic heavy ion collisions

14 fm

1. 1.2. 2.

1. Before collision 2. After collision

3. Quark-gluon plasma 4. After hadronization

4

proton at LHC (~TeV):
*��
�������3�������������
���	����

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023



5



A glimpse of ALICE highlights

6Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023

• in small colliding systems (QGP-like signatures): Enhanced production of multi-strange hadrons in high-multiplicity 
proton–proton collisions. Nature Physics 13, 535–539 (2017)


• in Nuclear Physics (CPT invariance in N-N interactions): Precision measurement of the mass difference between light 
nuclei and anti-nuclei. Nature Physics, 11, 811–814 (2015)


• additional estimations for Dark Matter searches (estimate of antinuclei production in cosmic rays): Measurement of 
the Low-Energy Antideuteron Inelastic Cross Section. Physical Review Letters 125, 162001 (2020)


• in neutron stars (hadron-hadron interactions in hyperon matter): Unveiling the strong interaction among hadrons at the 
LHC. Nature 588, 232–238 (2020)


• in Quantum Chromodynamics: Direct observation of the dead-cone effect in QCD. Nature 605, 440-446 (2022)

Not only heavy ion experiment:



Slovak participation in ALICE
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ALICE Data flow story in Run1 (2009-2013), Run2 (2015-2018) 
and partially in Run3 (2022-2025)

8

Detector readout,  Detector 
Control  System (DCS)

Collision at 
the LHC

Triggering detectors

SPD

TOF

V0

CTP  
(Central 
Trigger 

Processor)

Crucial detectors: 
SPD and TPC

DAQ/HLT 
Event Builder

GRID

Data analysis

Final publications

Monte Carlo simulations - generated 
collisions + interactions of particles with 

"virtual" ALICE detector

Data reconstruction 
and "objectivization"

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023



ALICE Data flow story in Run1 (2009-2013), Run2 (2015-2018) 
and partially in Run3 (2022-2025)

9

Detector readout,  Detector 
Control  System (DCS)

Collision at 
the LHC

Triggering detectors

SPD

TOF

V0

CTP  
(Central 
Trigger 

Processor)

Crucial detectors: 
SPD and TPC

DAQ/HLT 
Event Builder

GRID

Data analysis

Final publications

Monte Carlo simulations - generated 
collisions + interactions of particles with 

"virtual" ALICE detector

Data reconstruction 
and "objectivization"

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023



Trigger

CTP DAQ/HLT 
Event Builder

GRIDDCS

SPD, TPC Physics Analysis + Publications

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023

Slovak contribution to Trigger system:

• very close collaboration with University of Birmingham (UoB)


• Trigger Timing and Control interface test (TTCit) board for Run1 (IEP SAS)


• development, production, and testing of mezzanine FMC-CTP card for Run3 and 
debugging a new L0 board (IEP SAS)


• on-line luminosity measurement at ALICE interaction point (using trigger data) in Run1, 
Run2 and Run3 (IEP SAS)


• implementation of trigger software into ALICE analysis framework for Run2 (UoB + UPJŠ)


• monitoring (quality assurance) of trigger system for Run2 and Run3 (UPJŠ)
TTCit board

10



Trigger

CTP DAQ/HLT 
Event Builder

GRIDDCS

SPD, TPC Physics Analysis + Publications

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023

Slovak contribution to Detector Control System:

• design, development, testing for Run1 and Run2 (FMFI UK)


• design and running of computer farm for Run1 (FMFI UK)


• development of DARMA (DCS archive manager) (TUKE):


- remote access to the offline data of the ALICE DCS


- web application accessible on the CERN network


• development of FRED - Scalable Framework for Detector 
Control & Monitoring (TUKE):


- originally developed for DCS of the ITS detector, now 
widely used by other ALICE detectors


- stable detector control and fast monitoring

11



Trigger

CTP DAQ/HLT 
Event Builder

GRIDDCS

SPD, TPC Physics Analysis + Publications

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023

Slovak contribution to Detector Control System:

• design, development, testing for Run1 and Run2 (FMFI UK)


• design and running of computer farm for Run1 (FMFI UK)


• development of DARMA (DCS archive manager) (TUKE):


- remote access to the offline data of the ALICE DCS


- web application accessible on the CERN network


• development of FRED - Scalable Framework for Detector 
Control & Monitoring (TUKE):


- originally developed for DCS of the ITS detector, now 
widely used by other ALICE detectors


- stable detector control and fast monitoring

12



Trigger

CTP DAQ/HLT 
Event Builder

GRIDDCS

SPD, TPC Physics Analysis + Publications

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023

Slovak contribution to Detector Control System:

• design, development, testing for Run1 and Run2 (FMFI UK)


• design and running of computer farm for Run1 (FMFI UK)


• development of DARMA (DCS archive manager) (TUKE):


- remote access to the offline data of the ALICE DCS


- web application accessible on the CERN network


• development of FRED - Scalable Framework for Detector 
Control & Monitoring (TUKE):


- originally developed for DCS of the ITS detector, now 
widely used by other ALICE detectors


- stable detector control and fast monitoring

13



Trigger

CTP DAQ/HLT 
Event Builder

GRIDDCS

SPD, TPC Physics Analysis + Publications

Marek Bombara, Experiment ALICE, 30 years of Slovak Republic at CERN, Bratislava, June 27, 2023

Slovak contribution to Data Taking:

• Run managers for Run1, Run2, Run3 (FMFI UK)


• Experienced DCS shifters for Run1, Run2 and Run3 (IEP SAS)


• On-call CTP experts for Run2 and Run3 (UPJŠ)
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Slovak contribution to Silicon Pixel Detector:
• development, installation, running  (FMFI UK)


• readout electronics - SPD router - interfaces to CTP, 
DCS, SPD and DAQ, 20 boards installed in ALICE (IEP 
SAS)


• in Run3 - completely new DCS for ITS-2 (TUKE)

SPD router connected to 6 half 
staves - 20 boards needed

SPD consists of 120 half staves
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Slovak contribution to Time Projection Chamber:

• 26 Inner Readout Chambers (used in Run1 and Run2) produced in Bratislava 
(FMFI UK)


• in Run3: readout MWPC replaced with GEM chambers - R&D in Bratislava, 
fast gases, drift and discharge measurements (FMFI UK)

TPC installation at CERN

Laser Detector LaboratorySmall TPC for drift measurementIROC production Global discharge tube
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Slovak contribution to GRID Computing:

• Two Tier-2 centres in FMFI UK and IEP SAS used in Run1, Run2 and Run3: 5PB and 2000 CPUs, ~1M jobs/year 


• In Run1: SKAF (Slovak Košice Analysis Facility) and CAF (CERN Analysis Facility) - clusters running PROOF (Parallel 
ROOT Facility) - distributed system suitable for smaller datasets than at GRID (IEP SAS)
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Recent Bratislava group results on 
midrapidity antiproton to proton 

ratio in p-p collisions

ALICE Collaboration : Midrapidity Antiproton-to-Proton Ratio in pp Collisions at √s=0.9 
and 7 TeV Measured by the ALICE Experiment;  Phys. Rev. Lett. 105, 072002 (2010)

the lower energy data points are taken from [21–23]. The
!p=p ratio rises from 0.25 and 0.3 at the CERN Super
Proton Synchrotron and the lowest CERN Intersecting
Storage Rings (ISR) energy, respectively, to a value of
about 0.8 at

ffiffiffi
s

p ¼ 200 GeV, indicating that a substantial
fraction of the baryon number associated with the beam
particles is transported over rapidity intervals of up to five
units.

Although our measured midrapidity ratio R at
ffiffiffi
s

p ¼
0:9 TeV is close to unity, there is still a small but signifi-
cant excess of protons over antiprotons corresponding to a
p- !p asymmetry of A ¼ 0:022" 0:003ðstatÞ " 0:007ðsystÞ.
On the other hand, the ratio at

ffiffiffi
s

p ¼ 7 TeV is consistent
with unity [A ¼ 0:005" 0:003ðstatÞ " 0:007ðsystÞ], which
sets a stringent limit on the amount of baryon transport
over 9 units in rapidity. The existence of a large value for
the asymmetry even at infinite energy, which has been
predicted to be A ¼ 0:035 using !J ¼ 1 [4], is therefore
excluded.

A rough approximation of the "y dependence of the
ratio R can be derived in the Regge model, where baryon
pair production at very high energy is governed by
Pomeron exchange and baryon transport by string-junction
exchange [5]. In this case the p= !p ratio takes the simple
form 1=R ¼ 1þ C exp½ð!J ' !PÞ"y(. We have fitted
such a function to the data, using as value for the
Pomeron intercept !P ¼ 1:2 [24] and !J ¼ 0:5, whereas
C, which determines the relative contributions of the two
diagrams, is adjusted to the measurements from ISR,
Relativistic Heavy Ion Collider (RHIC), and LHC. The
fit, shown in Fig. 4, gives a reasonable description of the
data with only one free parameter (C), except at lower
energies, where contributions of other diagrams cannot be

neglected [5]. Adding a second string-junction diagram
with a larger intercept [4], i.e., 1=R ¼ 1þ C exp½ð!J '
!PÞ"y( þ C0 exp½ð!J0 ' !PÞ"y( with !J0 ¼ 1, does not
improve the quality of the fit and its contribution is com-
patible with zero (C ) 10, C0 ) '0:1" 0:1). In a similar
spirit, our data could also be used to constrain other Regge-
model inspired descriptions of baryon asymmetry, for ex-
ample, when the string-junction exchange is replaced by
the ‘‘odderon,’’ which is the analogue of the Pomeron with
odd C parity; see [6].
In summary, we have measured the ratio of antiproton-

to-proton production in the ALICE experiment at the
CERN LHC collider at

ffiffiffi
s

p ¼ 0:9 and
ffiffiffi
s

p ¼ 7 TeV.
Within our acceptance region (jyj< 0:5, 0:45<pt <
1:05 GeV=c), the ratio of antiproton-to-proton yields rises
from Rjyj<0:5 ¼ 0:957" 0:006ðstatÞ " 0:014ðsystÞ at 0.9 to
a value close to unity Rjyj<0:5 ¼ 0:991" 0:005ðstatÞ "
0:014ðsystÞ at 7 TeV. The !p=p ratio is independent of
both rapidity and transverse momentum. These results
are consistent with standard models of baryon-number
transport and set tight limits on any additional contribu-
tions to baryon-number transfer over very large rapidity
intervals in pp collisions.
We would like to thank Paola Sala, John Apostolakis,

Alfredo Ferrari, Dmitri Kharzeev, Carlos Merino, Torbjörn
Sjöstrand, and Peter Skands for numerous and fruitful
discussions on different topics of this Letter. The ALICE
Collaboration would like to thank all of its engineers and
technicians for their invaluable contributions to the con-
struction of the experiment and the CERN accelerator
teams for the outstanding performance of the LHC com-
plex. The ALICE Collaboration acknowledges the follow-
ing funding agencies for their support in building and
running the ALICE detector: Calouste Gulbenkian
Foundation from Lisbon and Swiss Fonds Kidagan,
Armenia; Conselho Nacional de Desenvolvimento
Cientı́fico e Tecnológico (CNPq), Financiadora de
Estudos e Projetos (FINEP), Fundação de Amparo à
Pesquisa do Estado de São Paulo (FAPESP); National
Natural Science Foundation of China (NSFC), the
Chinese Ministry of Education (CMOE) and the Ministry
of Science and Technology of China (MSTC); Ministry of
Education and Youth of the Czech Republic; Danish
Natural Science Research Council, the Carlsberg
Foundation and the Danish National Research
Foundation; The European Research Council under the
European Community’s Seventh Framework Programme;
Helsinki Institute of Physics and the Academy of Finland;
French CNRS-IN2P3, the ‘‘Region Pays de Loire,’’
‘‘Region Alsace,’’ ‘‘Region Auvergne,’’ and CEA,
France; German BMBF and the Helmholtz Association;
Hungarian OTKA and National Office for Research and
Technology (NKTH); Department of Atomic Energy and
Department of Science and Technology of the Government
of India; Istituto Nazionale di Fisica Nucleare (INFN) of
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week ending

13 AUGUST 2010

072002-5

Bratislava group

• Results at 900 GeV show small 
excess of baryons over antibaryons.

• At 7 TeV midrapidity ratio goes to 
unity.

• Results are well described with BN 
(Baryon Number) transfer via Regge 
trajectory using α≈1/2.

• No significant contribution with 
constant BN transport with α≈1 is 
needed.
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Slovak contribution to Physics:

• antiproton to proton ratio (or antibaryon to baryon ratio) - how the baryon number is transported (FMFI UK) 
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Slovak contribution to Physics:
• strange particles production in various colliding systems - important to understand the hadron production 

mechanism (UPJŠ, IEP SAS and FMFI UK) 


• coordination of Strangeness Physics Analysis Group (UPJŠ)

Upgrade of

in IEP SAS

FMFI UK
UPJŠ

Eur. Phys. J. C 81 256 (2021)
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Summary

• Slovakia has been playing an important role in ALICE story due to involvement in crucial parts: 


- Trigger system 


- DCS (Detector Control System)


- SPD (Silicon Pixel Detector)


- TPC (Time Projection Chamber)


- Grid (two Tier-2 centres)


- Physics (mostly strange particle production)


• For the ongoing Run3 and next Run4 Slovakia continues as a reliable member of the ALICE family.
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