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Particles of the Standard Model 
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Higgs particle 
Is not a matter particle and  
not a interaction particle 

Matter particles  
 (< 10 -16 cm)  

Interaction 
particles 
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Nobel Prizes in Elementary Particle Physics  

1957 – C. N. Yang, T. Lee 
1965 – S. I. Tomonaga, J. Schwinger, R.P Feynman 
1969 – M. Gell-Mann 
1976 – B. Richter and S. Ting 
1979 – S.L. Glashow, A. Salam, S. Weinberg 
1980 – J. Cronin,  V. Fitch 
1984 – C. Rubbia, S. van der Meer 
1988 – L. M. Lederman, M. Schwartz, J. Steinberger 
1990 – J. Friedman, J. Kendall,  R. Taylor 
1992 -  G. Charpak  
1995 – M. Perl,  F. Reines 
1999 -  G. tHooft, M. J. Veltman 
2004 -  D. J. Gross, H. D. Politzer, F. Wilczek 
2008 – Y. Nambu, M. Kobayashi, T. Masakawa 
2013 – F. Englert and P. Higgs 
2015 -  T. Kajita and A. B. McDonald M. Gell-Mann 

GREEN   - theoretical  
BLUE      - experimental 

1964: „Higgs mechanism” 
             was born 

2012: „Higgs particle” 
             was discovered 



 

Matter particles 
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Uncharted discoveries? 
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Interactions 

1/10 
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Standard Model confirmed by the data 
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Experiment = probing theories with data 



 

 

Accelerators for high energy 
physics experiments 
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History of the Universe 
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Fixed target vs Colliders 
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ECM in Fixed Target Experiment 
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ECM in Collider Experiment 



• Electric field (either static or more commonly, time 
varying) to accelerate, or more appropriately, increase 
energy of beam 

• Magnetic part of Lorentz force used to guide and focus 
– Dipole magnets: to bend 

– Quadrupole: to focus or defocus  
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Acceleration 



• Workhorse of modern 
particle physics 
– Huge legacy of discovery 

– Increase energy whilst 
synchronously increasing 
bending magnet strength 

– Stable storage of high 
beam current/power 

• Magnetic field 
proportional to 
momentum 
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Synchrotron 
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Storage ring Colliders 
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Energy frontier 

LHC 

?? 

Tevatron II 

                 Higgs boson at the LHC 



Complementarity between pp and ee machines 
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Luminosity 



• High luminosity brings 
all the challenges for the 
detectors: 
– High event rates 
– Pile up 
– Beam –beam 

interactions 
– Beamstrahlung 
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Luminosity frontier 

• Need corresponding rise in luminosity (beam 
intensity) 



Designing a machine 

• Particle species 
– Electron/positrons 

– Protons/anti-protons 

– Muons/anti-muons 

• Beam energy 

• Spin 

• Luminosity 

• How do you produce 
antiparticles? 

• Ones produced how 
ones keep them (muon 
collider)? 

• Ones collided what 
ones does with spent 
beams? 

• Accelerator and 
detector protection 
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• Particle production  
• Damping, cooling or preparation 
• Injection and extraction 
• Acceleration 
• Collimation (betatron, energy etc.) 
• Diagnostics and controls 
• Machine (and detector protection) 
• Beam delivery and luminosity production 
• Technology spin off 

– Lower energy machines, medical applications, 
applied physics, materials, ….. 

Accelerator is much more …. 
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CERN laboratory (founded in 1954) 
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CERN 

Lake Geneva 

Mont Blanc 
+ 20 member states (Poland from 1992) 
+ 40 associated states 
2 300 staff members 
+ 10 000 visiting scientists 
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Energy and luminosity 
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Integrated luminosity 
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Synchrotron + many passages in RF cavities 
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Particle acceleration in RF cavity 
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Particle deflection: superconducting magnets 
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Dipole magnets for the LHC 
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CERN accelerator complex 

CERN 2017 
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SPS, transfer line and the LHC 
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Synchrotron principle: LHC fill (2011) 
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Excelent fill  (2011) 
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Colliding trains of bunches 
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Luminosity parameters 
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Luminosity parameters 
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Beam size 
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Experimental long straight section 
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Energy stored in the beam 
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What does it mean? 
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Layout of beam system dump 
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The LHC: just another collider? 



 

50 



 

51 

Collisions at LHC 

E = m c 2 



LHC: Run 1 and Run 2 Run 2 at 13 TeV:  
  2015, 2016, 2017, 2018 
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Parameter 2018 Design 

Energy [TeV] 6.5 7.0 

No. of bunches 2556 2808 

Max. stored energy per beam (MJ) 312 362 

β* [cm]  3025 55 

p/bunch (typical value) [1011] 1.1 1.15 

Typical normalized emittance [μm] ~1.8 3.75 

Peak luminosity [1034 cm-2s-1] 2.1 1.0 

LHC Beam parameters achieved 



LHC 2018: Beam Availability and Performance 

ATLAS :  65.1 fb-1 

CMS : 66.9 fb-1 

LHCb: 2.46 fb-1 

66 fb-1 

76 % availability 
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Leveling luminosities 



 

Plans for next (two) decades 



 

LHC high luminosity upgrade 



 

High luminosity LHC perfomance estimates 



 

Hardware for the Upgrade 
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The next years Future plans 

Aravis 


