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Large fraction of those slides from M. Delmastro lectures at ESIPAP school 
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Constituents of matter along History 
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Cząstka Higgsa. 
Jest innym typem cząstki 
nie jest ani cząstką materii 
ani cząstką oddziaływania. 



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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Interactions 
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How we are probing structure of matter and how 
structure of the Universe 
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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 
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Experiment = probing theories with data 
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Standard Model confirmed by the data 



 

HEP, SI and „natural” units 
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Measuring particles 
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Relativistic kinematics 
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Center of mass energy 



Kinematics 
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Invariant mass 

2-bodies decays 3-bodies decays 



A real example: pion decays 
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3-bodies decay: Dalitz plot 
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Multi-bodies decay 
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Fixed target vs collider 
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Collider experiment coordinates 
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Rapidity 
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Pseudorapidity 
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Transverse variables 
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X Y 



Missing transverse energy and transverse mass 
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Mass of the W boson 
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Interaction cross-section 
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Fermi Golden rule 
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Cross-section: magnitude and units 

27 



Proton-proton scattering cross-section 
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Proton-proton collisions at LHC 
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Cross-sections at LHC 
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