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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. 
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Particles of the Standard Model 

4 

Q
u

an
tu

m
 m

e
ch

an
ic

s 

Higgs particle 
Is not a matter particle  
nor  an  interaction particle 

Matter particles  
 (< 10 -16 cm)  

Interaction 
particles 
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Interactions 
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Vacuum  Concept of the field  Higgs mechanism 
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  Force lines of the magnetic field  
Introduced concept of 
field into description of 
magnetic interactions. 
Magnetic field has a 
source. Michael  Faraday (1845)  

In classical understanding  vacuum =  „empty space”,  or state  of „energy = 0”.   
In quantum mechanics vacuum is „full of life”. Just bubbling with creation and 
annihilation of matter particles.  Symmetries dictate laws of interactions. 
Stable state of vacuum does not necessarily has an energy = zero. 
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Higgs mechanism (1964):   
Quantum vacuum is not empty,  is full of the  „Higgs field”.  This field has 
no structure nor sources.  After  „symmetry is spontaneously broken”,  field 
is not „neutral” anymore and interaction of elementary particles with this 
field gives masses to the elementary particles .  This mechanism predicted 
also the existence of a massive scalar particle, so called, „Higgs particle” 
which is the quantum fluctuation of the Higgs field.  



Mass Spectrum of Elementary Particles 
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Mass of the electrons is 25000 
times smaller than mass of W, 
but if it was exactly zero there 
would be no atomic binding. 

If the mass of the W boson was 
smaller, time of combustion of 
the sun (nuclear fussion) would 
be shorter  and at lower 
temperature. 
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m = 0 
Sun shield 
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If the masses of elementary particles were different 
the Universe, as we know it, would not exist. 



„It doesn’t matter how beautiful 
your theory is, it doesn’t matter 
how smart you are. If it doesn’t 
agree with experiments, it’s 
wrong.” 

R. Feynman 

 
(To nie ma znaczenia jak piękna jest twoja 
teoria, nie ma znaczenia jaki jesteś 
inteligentny. Jeżeli nie zgadza się                 
z eksperymentem to ta teoria jest 
nieprawdziwa.) 

Theory has to be confirmed by experiment 
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R. Feynman 
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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 
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HEP, SI and „natural” units 

13 

h/2p 

prof. E. Richter-Wąs Wstęp do Fizyki Cząstek Wysokich Energii,    rok akad.  2016/2017 



 

Measuring particles 
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Relativistic kinematics 
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Center of mass energy 
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Kinematics 
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Invariant mass 

2-bodies decays 3-bodies decays 
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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 
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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 
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Proton-proton scattering cross-section 
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Proton-proton collisions at LHC 
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3.5, 4.0, 6.5 TeV 
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Cross-sections at LHC 
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