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CERN
● Established 1954 ⇒ 70 years of CERN in 2024!
● Science in the service for humanity, CERN convention.
● https://timeline.web.cern.ch/timeline-header/89 
● https://cerncourier.com/p/magazine/ 
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CERN
● Home to several accelerators.
● Platform to provide beams for experimental collaborations be formed.
● Accelerators – a unique expertise kept, compare to FERMILAB, KEK, DESY…

○ Synchrocyclotron (1957)
○ LINAC 1–4
○ Antiproton Accumulator, Decelerator, ELENA, Low Energy Antiproton/Ion Ring…
○ Proton Synchrotron – 24 GeV (1959)
○ Super Proton Synchrotron (1976)

■ converted to proton-antiproton collided (1981)
● Carlo Rubbia, Simon van der Meer

○ W and Z discovery by the UA1 and UA2 collaborations (1983)
○ LEP = Large Electron-Positron Collided, non-superconducting (1989).

■ precision measurements of the Z and W bosons
● Detectors: ALEPH, DELPHI, OPAL, L3.

○ LHC = Large Hadron Collider, uses LEP tunnel;) Superconducting (2008).
■ Detectors: ATLAS, ALICE, CMS, LHCb.

○ Future: CLIC? Future Circular Collider? (FCCee, FCCeh, FCChh)
○ Muon collider?
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● Fixed target areas
○ North Area (French sector, high energy, 

450 GeV primary, 120 GeV secondary 
beams)

○ East Area (Swiss, low energy PS Booster 
24 GeV primary, ~1–8 GeV secondary 
beams)

● Neutrino beams to Gran Sasso (IT)
● (not just) pre-accelerators for the 

highest-energy LHC.
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CERN Physics Programme
● https://home.cern/science/experiments
● LHC Physics 

○ Versatile experiments
■ ATLAS, CMS

○ Dedicated experiments
■ LHCb (B-physics, CP violation)
■ ALICE (heavy ion physics)
■ LHCf – formward physics of neutral particles
■ FASER – neutrinos from a collider

● Neutrino Platform
○ ProtoDUNE

● Fixed Target Experiments
○ COMPASS, NA-62, CLOUD, …

● Small Experiments
○ Antiproton, antihydrogen experiments, OSQAR, …
○ R&D projects like MediPix3

● Dedicated facilities – IRRAD, ISOLDE
○ https://ps-irrad.web.cern.ch/ps-irrad/ 

● CERN-recognized Experiments
○ AMS-II – non-accelerator, ISS, control room @CERN
○ Water Cherenkov Test Experiment, waiting for Hyper-Kamiokande… 10
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LHC Periods and pp c.m.s. energies
● 2008 start and crash
● 2009:  900 GeV (SPS injection energy)
● 2010–2011: 7TeV, L = 5 / fb
● 2012: 8 TeV, L = 20 / fb
● 2015–2018: 13 TeV, L = 90 / fb
● 2022-2025: 13.6 TeV
● Design: 14 TeV
● And more:

○ LHC pp        √sNN = 5.02     2015, 28 pb-1 
○ LHC PbPb   √sNN = 5.02     2015, 0.49 nb-1

○ LHC pPb     √sNN = 5.02     2016,  0.5 nb-1

○ LHC pPb  √sNN = 8.16     2016, 0.16 pb-1

○ LHC XeXe   √sNN = 5.40     2017
○ LHC pp        √sNN = 5.02     2017, 100-200 pb-1

● https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3 
11

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3


Interactions
●
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Interactions
●
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LHC Collisions
● Usually inelastic collisions where protons break apart, producing particles.
● But also large diffractive and elastic cross-section!
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p, K, n, π, e, Δ, 𝜇, γ, …

p, K, n, π, e, Δ, 𝜇, γ, …
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LHC Collisions
●
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LHC Collisions
●
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LHC Collisions
●
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LHC Collisions
●
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LHC Collisions
●
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LHC Collisions
●
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LHC Collisions
● Při vysokých energiích jsou kvarky v protonu téměř volné a nezávislé.
● Poruchová řada kvantové chromodynamiky má šanci konvergovat.
● Teorie: účinný průřez produkce systému X ve srážkách partonů
● Konvoluce s partonovými distribučními funkcemi dává 
● Účinný průřez produkce X ve srážkách protonů.
● PDFs z předchozích experimentů (srážky ep, HERA, DESY)
● Hadronizace (fenomenologický model)
● Rozpady částic
● Interakce s detektorem – jeho plná simulace.
● Srovnání s daty
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Theory
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Expectations @ particle level
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Experiment
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LHC Physics Programme
● Přesná měření procesů Standardního modelu

○ hledání vzácných procesů (ttH, WWZ, …)
○ měření diferenciálních účinných průřezů
○ ověřování přesnosti dostupných teoretických předpovědí
○ měření parametrů SM, narušení CP…
○ zpřesňování PDFs
○ měření ve srážkách těžkých iontů, efekty zhášení, GQ plasma

● Hledání možných nových procesů za Standardní model
○ SUSY, supersymetrické částice
○ narušení univerzality leptonů
○ Kaluza-Klein gravitons
○ Extenze grupy symetrií SM
○ dlouhožijící částice
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The LHC
● Collision rate of 40 MHz, corresponding to 25ns

○ ATLAS diameter is 24m
● ~1011 particles in a bunch, O(2k) bunches
● Pile-up: O(100) pp collisions within a bunch crossing
● 2k superconducting dipole magnets at 2K
● bunches transverse size of O(100)mum!
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Pile-up at the LHC
● Many pp collisions in one detector “picture”!
● Increases chances of interesting ones.
● Additional signal in the detector.

28



The LHC
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The LHC
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The LHC
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The LHC beam dump temperature map
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https://home.cern/news/news/accelerators/lhc-report-another-run-over-and-ls2-has-just-begun 

https://iopscience.iop.org/article/10.
1088/1748-0221/16/11/P11019/pdf
Design and behaviour of the Large 
Hadron
Collider external beam dumps 
capable of receiving
539 MJ/dump
 
https://cerncourier.com/a/proton-ion
-collisions-the-final-challenge/ 

https://www.lhc-closer.es/taking_a_
closer_look_at_lhc/0.lhc_layout 

https://home.cern/news/news/accelerators/lhc-report-another-run-over-and-ls2-has-just-begun
https://iopscience.iop.org/article/10.1088/1748-0221/16/11/P11019/pdf
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LHC States / Status
● http://jointlab.upol.cz/kvita/LHC.html
● http://jointlab.upol.cz/kvita/outreach/
● https://op-webtools.web.cern.ch/vistar/vistars.php
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The LHC
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The LHC
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The LHC
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The LHC
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The LHC
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The ATLAS Experiment
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The ATLAS Experiment

40



The ATLAS Experiment
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The ATLAS Experiment
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The ATLAS Experiment
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The ATLAS Experiment
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The ATLAS Experiment – particle identification
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The ATLAS Experiment
● A large camera, object identification using combined techniques

○ electrons, photons, muons, hadronic final states = jets, tau
○ missing energy as a signature of the neutrino
○ mesons, baryons
○ reconstruct short-lived resonances decaying to “stable” particles

● Energy and momentum measurements of primary of parent particles
● Passage of particle through the matter!
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Fyzikální skupiny – ATLAS
● SM group
● Top group
● Higgs
● Higgs and Diboson
● SUSY
● Exotics
● B-physics
● Heavy ions
● Effective field theory interpretation
● Dark matter
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ID skupiny – ATLAS
● Muon Combined Performance Group
● Egamma group
● JetEtmiss group
● Tau ID
● Tracking
● Vertexing
● Flavour tagging
● Physics Modelling, Forward proton group
● Physics Validation, fake forum
● Data analysis model, software, luminosity, statistics…
● Trigger, Machine learning forum…
● Simulation and MC production
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ATLAS
● Management
● Operations
● Upgrade
● Physics coordination
● Publication Committee
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The ATLAS Experiment
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ATLAS Groups
● Detector operations

○ run control, shifts, repairs, liquids, gases, HV, LV, readout, DAQ, synchronization…
● Software, data preparation, good run list
● Physics modelling groups

○ Monte Carlo simulation, tuning
● Detector simulation, geometry
● Object identification, calibration, combined performace

○ jets, electrons, muons, tau ID energy scale and IDs
○ provide recommendations, official selection, systematics uncertainties

● Physics groups
○ Higgs, Top, Standard Model, Heavy Ions, Beyond-the-SM, SUSY
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Authorship
● Collaboration rules
● Authorship committee
● Qualification task, supervisor
● Detector operations fees per non-student author
● ~3k ATLAS authors, no distinguished corresponding nor first authors

○ alphabetical
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Analysis scrutiny
● Physics group

○ Physics subgroup
● Editorial board
● Physics Coordinators
● Publication Committee
● ATLAS collaboration circulation 1, 2
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Analysis scrutiny
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https://arxiv.org/abs/2207.00092 

https://arxiv.org/abs/2207.00092


Analysis scrutiny
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https://arxiv.org/abs/2006.09274 

https://arxiv.org/abs/2006.09274


Interactions and Feynman Diagrams
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pp Collisions: QCD, Electroweak interactions
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A typical analysis
● Physics process of interest
● Dataset choice: LHC energy, pile-up settings
● Detector level objects and their calibration and identification operation points
● Events selection

○ cut-based
○ multivariate techniques – BDTs, NNs, DNNs.. (also used in object IDs)

● Signal and backgrounds samples
● Data-MC comparison in control and signal regions

○ possibly adjusting bg. modelling in sidemands, blinding the signal region
● Counting experiment, cross-section extraction, differential cross-sections, 

correcting for resolution, searches for BSM processes and limits settings
○ precision physics vs. searches

● Presenting measurement at a particle level at some fiducial phase-space, 
publish and store results in HEP data database for the future comparison to 
models to come
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Quarks, Leptons, Gauge Bosons and the BEH boson
●
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Quarks, Leptons, Gauge Bosons and the BEH boson
●
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Quarks, Leptons, Gauge Bosons and the BEH boson
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A typical analysis
● Událost v detektoru obsahuje 

informace z jednotlivých poddetektorů
● Jsou zrekonstuovány a identifikovány 

fyzikální objekty
○ kandidáti na elektrony, miony, jety, gamma, 

tau, chybějící příčná energie…
● V rámci event selection jsou vybírány 

objekty na základě jejich 
požadovaného počtu a vlastností

○ podle očekávání toho, co by měl do 
detektoru přinášet signální proces

● Změřené spektrum musí být 
opraveno

○ kalibrace, linearita, rozlišení, efficiency (as 
function of…), data/simulation agreement

62



A typical analysis
● Potřebuje

○ preselecteted data sample
○ data quality, luminosity measurement
○ objects calibrations, reconstruction algos
○ simulation samples 

■ to optimize the analysis
■ estimate signal
■ estimate, understand and model 

backgrounds
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Invariantní hmota
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Invariantní hmota
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Invariantní hmota
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Invariantní hmota

67

DZero experiment at 
Fermilab’s Tevatron, a 
proton-antiproton collider.



Quarks, Leptons, Gauge Bosons and the BEH boson
●
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Top quark
●

69



Top quark
● ttbar resonances
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A typical analysis
● https://atlas.cern/Updates/Briefing/HI-Top-Observation 
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A typical analysis
● https://atlas.cern/Updates/Briefing/HI-Top-Observation 
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A typical analysis
● https://atlas.cern/Updates/Briefing/HI-Top-Observation 
● https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CO

NF-2023-063/
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Binning choice and resolution
● TBF
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A typical analysis
● https://atlas.cern/Updates/Briefing/HI-Top-Observation 
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A typical analysis
● https://atlas.cern/Updates/Briefing/HI-Top-Observation 
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A more involved one – Unfolding
● Differential cross sections measurements
● Unfolding – correcting for detector resolution and efficiency
● Systematics uncertainties evaluation and propagation
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R&D and SLO UP
● ATLAS Forward Proton Detector

○ L. Nožka, K. Černý, T. Komárek, optická a mechanická dílna
○ Cherenkov radiator design, simulation, construction
○ electronics, installation, commissioning, data quality, shifts
○ physics analysis

● ATLAS Inner Tracker Strip detector upgrade
○ R. Přívara
○ silicon detectors simulation
○ beam test data taking and analysis
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ATLAS and SLO UP
● ATLAS Top quark physics group

○ numerous 1D and 2D differential cross-sections with involvement of a number of students, in 
various roles including analysis contact editors etc.

○ Last: ttbar in pPb collisions
■ https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/ 
■ https://cds.cern.ch/record/2873517 

● ATLAS Soft QCD subgroup of the Standard Modle Group
○ K. Černý co-convener
○ Forward physics and diffraction, ATLAS Forward Proton detector performance
○ Ex member: P. Hamal, Exclusive pion production in elastic collisions

■ https://arxiv.org/abs/2212.00664, Eur. Phys. J. C 83 (2023) 627
● ATLAS ITk and Time-of-flight R&D

○ https://cds.cern.ch/record/2749821/ 
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