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ALICE experiment at the Large Hadron Collider
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Temperature (T)

Why do we study heavy-ion collisions?

HISTORY OF THE UNIVERSE
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Little Bang in ultrarelativistic heavy ion collisions

1. Before collision 2. After collision
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A glimpse of ALICE highlights

OFFICIALLY |

=
(@)
A\

On 13 August 2012 scientists at CERN's Large Hadron Collider, Geneva, Switzerland,

> REC 8
'l announced that they had achieved temperatures of over 5 trillion K and perhaps as high

as 5.5 trillion K. The team had been using the ALICE experiment to smash together lead
Highest man-madetgmperatu re ions at 99% of the speed of light to create a quark gluon plasma - an exotic state of
matter believed to have filled the universe just after the Big Bang.

Not only heavy ion experiment:

in small colliding systems (QGP-like signatures): Enhanced production of multi-strange hadrons in high-multiplicity
proton—proton collisions. Nature Physics 13, 5635-539 (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)
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Slovak participation in ALICE

Azerbaijan; 3
United Kingdom; 27 Bangladesh; 4 FM FI U K
Austria; 10 Croatia; 9
Armenia; 3 |earia:
Turkey; 4 Bulgaria; 8
Thailand; 39 United State Czech Republic; 40

Sweden; 16
Sri Lanka; 6

South Africa; 21 Switzerland;

Slovak Republic; 31

Russia; 151

Romania; 35

Republic of Korea; 71

Peru; 4

Norway; 47

Mexico; 53 Malta; 7

119

Poland; 101
Pakistan; 25 /
Netherlands; 56

Denmark; 26
Finland; 12

Bratislava

Team Leader: Branislav Sitar

Germany; 228 Members:

M. Meres, M. Pikna, |. Szarka

Greece; 6

PhD students

India; 131 Hungary; 23

N. Dzalaiova, M. lvanov

Indonesia; 11

2000 Members,

Japan; 58 172 Institutes, 40 Countries

FS UPJS

IEP SAV

Kosice cluster

Team Leader: Ivan Kralik

Members:

M. Bombara, A. Jadlovska, S.
Jadlovska, J. Jadlovsky, P. Kalinak,
A. Kravéakova, M. Krivda, J.
Musinsky, M. Vala, J. Vrlakova

PhD students:

l. Ahuja, M. Tkacik T. Tkadik,
K. Tropp
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ALICE Data flow story in Run1 (2009-2013), Run2 (2015-2018)
and partially in Run3 (2022-2025)

Triggering detectors Detector readout, Detector
Control System (DCS)
CTP Crucial detectors:
Collision at (Central SPD and TPC
the LHC Trigger DAQ/HLT GRID
Processor) Event Builder =—_. =

VZERO-C

Twan e e e

a Data reconstruction nature
physics

$ﬂ I . . . I
and "objectivization
VO /( Stranger an
Monte Carlo simulations - generated //Z//‘\

collisions + interactions of particles with i
"virtual" ALICE detector Final publications ==

1ger and stranger
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Trigger SPD, TPC Physics Analysis + Publications

Slovak contribution to Trigger system:

e very close collaboration with University of Birmingham (UoB)
e Trigger Timing and Control interface test (TTCit) board for Run1 (IEP SAS)

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

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

e implementation of trigger software into ALICE analysis framework for Run2 (UoB + UPJS)

e monitoring (quality assurance) of trigger system for Run2 and Run3 (UPJS)

TTCit board
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DAQ/HLT
Event Builder

Trigger SPD, TPC

Physics Analysis + Publications

Slovak contribution to Detector Control System:

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

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

GRID
OMline Database
Data archivation

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

Online database
Data acquisition
Detector

configuration

- remote access to the offline data of the ALICE DCS

— web application accessible on the CERN network

SCADA/HMI
Models of tasks
and processes

PLC, control PC /
HW for data acquisitio
data preprocessing
Detectors, sensors FMD T00 J PMD
and actuators
SDD SSD TPC LU

\ e 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
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Event Builder

SPD, TPC y Physics Analysis + Publications

Trigger

Slovak contribution to Detector Control System:

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

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

FEE

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

LHC

ALICE on-detectOr
€lectronjcs

LV FEE gnets

\

Safety

- Detector deVices = |
| o S— Xtern | ) _ .
[ 300 000 values/s |~ ' Syst:mSSUb remote access to the offline data of the ALICE DCS
read by software
- - web application accessible on the CERN network

e development of FRED - Scalable Framework for Detector
Offine | Oerator Control & Monitoring (TUKE):

RID) Uls

- originally developed for DCS of the ITS detector, now

Da¥3'C .
[ ONsumers widely used by other ALICE detectors
30 000 values/s 1000 values/s 5200 values/s
Injected into Written to ORACLE after : -
[ PVSS ] [ smoothing in PVSS ] [Sent to consumers - stable detector control and fast monitoring
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Trigger SPD, TPC Physics Analysis + Publications

Slovak contribution to Detector Control System:

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

L e
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p- ~N G ™\ G o\ (@ ("
DCS Data 3 14 oolin .
s FLp g RRR RS <§ DSS }Q@ el } - remote access to the offline data of the ALICE DCS
4 )/\ 4 < <

— web application accessible on the CERN network

Lo

\
N
BT
7
Readout Unit

\g /<!

AR TS 2

|
: Control >( Power & Bias>
< Monitoring Board < Monitoring
y >

Configuration
Data (DAQ + DCS) /

development of FRED - Scalable Framework for Detector
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- originally developed for DCS of the ITS detector, now
widely used by other ALICE detectors

Detector

- stable detector control and fast monitoring
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Slovak contribution to Data Taking:

¢ Run managers for Run1, Run2, Run3 (FMFI UK)
e Experienced DCS shifters for Run1, Run2 and Run3 (IEP SAS)

e On-call CTP experts for Run2 and Run3 (UPJS)
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Trigger SPD, TPC Physics Analysis + Publications

Slovak contribution to Silicon Pixel Detector:

e development, installation, running (FMFI UK)

e 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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TPC installation at CERN

Slovak contribution to Time Projection Chamber:

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

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

IROC production Small TPC for drift measurement Global discharge tube Laser Detector Laboratory
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Slovak contribution to GRID Computing:

e Two Tier-2 centres in FMFI UK and IEP SAS used in Runi1, Run2 and Run3: 5PB and 2000 CPUs, ~1M jobs/year

e |n Run1: SKAF (Slovak Kosice Analysis Facility) and CAF (CERN Analysis Facility) - clusters running PROOF (Parallel
ROQOT Facility) - distributed system suitable for smaller datasets than at GRID (IEP SAS)

Total number of jobs by Resource Centre and Year
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Slovak contribution to Physics:

e 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:

e strange particles production in various colliding systems - important to understand the hadron production
mechanism (UPJS, |IEP SAS and FMFI UK)
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Eur. Phys. J. C 81 256 (2021)
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Summary

e 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)

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