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Historia badania struktury materii 

Newton 

Maxwell 

XVII w.: ruch gwiazd i planet, zasady

 dynamiki, teoria grawitacji, masa jako

 miara bezw!adno"ci… 

XIX w.: elektryczno"# i magnetyzm

 zunifikowane w jedn$ teorie,

 oddzia!ywanie mi%dzy !adunkami

 przenoszone przez pola

 (zaproponowane przez Faradaya) 

Weinberg 

Salam 

Glashow 

Rutherford 

Maria i Piotr Curie Becquerel 

pocz!tek XX w.: odkrycie

 pomieniowania ! i ". 

druga po"owa XX w.: oddzia#ywania

 elektromagnetyczne oraz silne i s#abe

 (odowiedzialne za pomieniowanie ! i ")  

opisane jedn$ teori$ – Modelem

 Standardowym. 

Higgs 
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Energy units in physics

Energy has many units in physics: joules, calories, and kilowatt 
hours are all units of energy used in different contexts. Only the 
joule is an International System (SI) unit, but all of them are relat-
ed by conversion factors. In particle physics, the unit that is most 
frequently used for energy is the electronvolt (eV) and its deriva-
tives keV (103 eV), MeV (106 eV), GeV (109 eV) and TeV (1012 eV). 
The electronvolt is a convenient unit because, in absolute terms, 
the energies that particle physicists deal with are very small. If we 
take the LHC as an example, the total collision energy is 14 TeV, 
making it the most powerful particle accelerator in the world. Still, 
if we convert this into joules, we obtain: 

14 x 1012 x 1.602 x 10–19 = 22.4 x 10–7 joules. 

This is a very small amount of energy if compared, for example, to 
the energy of an object weighing 1 kg and falling from a height of 
1 m, that is: 9.8 joules = 6.1 x 1019 electronvolts. 

The definition of the electronvolt comes from the simple in-
sight that a single electron accelerated by a potential difference 
of 1 volt will have a discreet amount of energy, E=qV joules, 
where q is the charge on the electron in coulombs and V is the 
potential difference in volts. Hence 1 eV = (1.602 x 10–19 C) 
x (1 V) = 1.602 x 10–19 J.

Inside the atom

Particle physics studies the tinest objects of Nature. Looking into 
the very small and fundamental, it also looks very far back into 
time, just a few moments after the Big Bang. Here are a few exam-
ples of dimensions particle physicists deal with:

Atom: 10-10 m  
Nucleus: 10-14 m 
Quarks: < 10-19 m

If the protons and the neu-
trons were 10 cm across, 
then the quarks and elec-
trons would be less than 0.1 
mm in size and the entire 
atom would be about 10 km 
across. More than 99.99% of 
the atom is empty space.

LHC the guide

10−9 − 10−6 m

∼ 10−10 m

∼ 10−15 m

∼ 10−15 m
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energia	
  związana	
  z	
  istnieniem	
  materii	
  

(konieczne	
  posiadanie	
  masy)	
  

E = mc2

energia	
  związana	
  z	
  ruchem	
  

(lub	
  przemieszczaniem	
  się	
  zaburzeń)	
  

energia	
  związana	
  z	
  oddziaływaniami	
  między	
  różnymi	
  
składnikami	
  materii	
  

1 eV

1 GeV = 109 eV

mp = 0,938 GeV/c2

me = 0,000511 GeV/c2

Jednostka energii: 
energia uzyskiwana 
przez elektron 
przechodzący przez 
różnicę potencjałów  
1 V. 

1 GeV/c2

Jednostka masy 



X

X

Y

Y

2mXc2 + Eprzed
K = 2mY c2 + Epo

K

Zasada zachowania energii 

(Zasada zachowania pędu) 
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Q = +2/3
Q = −1/3

Q = 0
Q = −1

Q = 0

Q = 0

Q = 0
Q = +1

Każda cząstka ma 
antycząstkę o tej 
samej masie i spinie, 
ale przeciwnych 
wszystkich liczbach 
kwantowych. 

Charakterystyka cząstki: liczby kwantowe 

Ogólna zasada: 
wszystkie 
oddziaływania są 
dozwolone, o ile nie 
są zabronione przez 
konieczność 
zachowania liczb 
kwantowych. 

oddz. silne i 
elektromagnetyczne 



Kwarki 

Leptony 

Sily 

górny 

dolny 

powabny 

dziwny 

top 

bottom 

elektron mion taon 

elektronowe 

neutrino neutrino neutrino 

mionowe taonowe 

bozon Z 

bozon W 

foton 

gluon 

v 

elektron 

foton 

gluon 

proton 

Kwark 

!""#$%&'(%)$*+

*,*-./01%2)*.'3#)*+

40.0)+

Zasi!g:  niesko"czony 

v 

promieniowanie # 

Q = +2/3
Q = −1/3

Q = 0
Q = −1

Q = 0

Q = 0

Q = 0
Q = +1

Każda cząstka ma 
antycząstkę o tej 
samej masie i spinie, 
ale przeciwnych 
wszystkich liczbach 
kwantowych. 

Charakterystyka cząstki: liczby kwantowe 

Ogólna zasada: 
wszystkie 
oddziaływania są 
dozwolone, o ile nie 
są zabronione przez 
konieczność 
zachowania liczb 
kwantowych. 

oddz. słabe 



Kwarki 

Leptony 

Sily 

górny 

dolny 

powabny 

dziwny 

top 

bottom 

elektron mion taon 

elektronowe 

neutrino neutrino neutrino 

mionowe taonowe 

bozon Z 

bozon W 

foton 

gluon 

v 

elektron 

foton 

gluon 

proton 

Kwark 

!""#$%&'(%)$*+

*,*-./01%2)*.'3#)*+

40.0)+

Zasi!g:  niesko"czony 

v 

promieniowanie # Mion 
2,2 µsśredni czas życia 

masa 

odkrycie:  
C.D. Anderson  
i S. Neddermeyer, 
Caltech 1936 

0,106 GeV/c2



Kwarki 

Leptony 

Sily 

górny 

dolny 

powabny 

dziwny 

top 

bottom 

elektron mion taon 

elektronowe 

neutrino neutrino neutrino 

mionowe taonowe 

bozon Z 

bozon W 

foton 

gluon 

v 

elektron 

foton 

gluon 

proton 

Kwark 

!""#$%&'(%)$*+

*,*-./01%2)*.'3#)*+

40.0)+

Zasi!g:  niesko"czony 

v 

promieniowanie # Bozon W 
średni czas życia 

masa 80,4 GeV/c2
3 · 10−25 s

odkrycie:  
CERN 
eksperymenty UA1 i UA2 
1983 

12-2 Fundamental Interactions and the Force Carriers 575

(a) (b)
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Figure 12-9 (a) This computer reconstruction of the CERN UA1 detector shows the first decay ever recorded, obtained by
Rubbia’s group in 1983. Millions more such events have since been seen. [CERN Courier, 33, 4 (1993).] (b) The energy plot of
the electron-positron pair from the decay. Energy, plotted vertically, is measured by individual detectors that
“wrap around” the central cylinder of the UA1. The angular locations of the recorded electron and positron are measured relative
to the position of the Graphs like this are called “Lego plots.”Z0.

Z0 S e! ! e"

Z0

at CERN10 that was specifically designed for the task. (See Figures 12-8 and 12-9.)
The Z 0 is the second-heaviest elementary particle known, with a mass of 91 
or nearly 100 times that of the proton. The W #, with masses of 80 are the
next heaviest.

GeV>c2,
GeV>c2

Figure 12-8 (a) The production and subsequent decay of one of the first W bosons ever detected was recorded
by the UA1 detector at the CERN proton-antiproton collider. A collision occurs at the center. A is
produced, which decays by The tau decays into charged particles clearly seen as the thicker
pencil-jet in the central detector directed nearly vertically downward. Conservation of energy and momentum
for all particle tracks produced yields results consistent with a missing from the decay. [CERN.] (b) The
UA1’s energy detectors surrounding the beam pipe recorded the energetic and its angular position relative
to the decay event. Energy is plotted vertically upward.
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572 Chapter 12 Particle Physics

Lead sheet

π–

π0

e+
e+ e–

e–

γ γ

K –

A negative kaon ( ) enters a bubble chamber from the bottom and decays into a which
moves off to the right, and a which immediately decays into two photons, whose paths are
indicated by the dashed lines in the drawing. Each photon interacts in the lead sheet, producing
an electron-positron pair. The spiral at the right is an electron that has been knocked out of an
atom in the chamber. (Other, extraneous tracks have been removed from the photograph.)

!0,
!",K"

Table 12-3 lists some of the properties of the hadrons that are stable against decay
via the strong interaction, that is, those with lifetimes significantly longer than 10"23 s.
Those that decay via the electromagnetic and weak interactions have much longer life-
times, typically of the order of 10"18 s and 10"10 s, respectively. Note that all baryons
ultimately decay to a proton. Note, too, that the baryons cluster into “charge multi-
plets” of about the same mass: the nucleons (n and p) of mass about 939 MeV, the 
of mass about 1116 MeV, the particles of mass about 1190 MeV, the particles of
mass about 1315 MeV, and the of mass 1672 MeV. The differences in masses within
multiplets (such as between the neutron and proton) are due primarily to differences
in the masses of the constituent quarks (see Section 12-4). The energy of the electro-
magnetic field also makes a contribution to the mass differences. There are six mesons
in Table 12-3: three pions, two kaons, and the eta particle. The mesons also cluster
into charge multiplets. As with the baryons, the mass differences within each multi-
plet are due primarily to the mass differences of the constituent quarks. Note that the
mass of the is exactly equal to that of the as it must be since these particles are
antiparticles of each other.

Being complex particles composed of other, more fundamental particles (quarks),
the hadrons each have a ground state and a set of quantized excited states directly anal-
ogous to the allowed energy levels of atoms and nuclei, which are of course also com-
plex particles composed of other, more fundamental particles. These excited hadron
states usually decay via the strong interaction and thus have large energy widths, as

!",!#

$
%&

'
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Jest:	
   Teoria	
  opisująca	
  z	
  niezwykłą	
  dokładnością	
  wyniki	
  
ogromnej	
  liczby	
  doświadczeń	
  (i	
  historię	
  
Wszechświata	
  do	
  miliardowej	
  części	
  sekundy)	
  	
  
przy	
  użyciu	
  niewielkiej	
  liczby	
  parametrów.	
  

Ostatnio	
  
zrobione:	
  

Doprecyzowanie	
  opisu	
  próżni	
  w	
  oparciu	
  o	
  doś-­‐	
  
wiadczenie,	
  znalezienie	
  cząstki	
  Higgsa.	
  

Czy to już wszystko? 
Czy Model Standardowy  
jest teorią ostateczną? 

mało
 pra

wdop
odob

ne"

Pozostaje
zrobić:	
  

Doprecyzowanie	
  opisu	
  próżni	
  w	
  oparciu	
  o	
  doś-­‐	
  
wiadczenie,	
  zbadanie	
  własności	
  cząstki	
  Higgsa.	
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czas	
  

Wszechświat	
  się	
  rozszerza	
  

Dawno	
  temu	
  Wszechświat	
  był	
  gęsty	
  	
  
i	
  gorący	
  –	
  wypełniające	
  go	
  cząstki	
  
zderzały	
  się	
  z	
  wielkimi	
  energiami.	
  

Zachodzące	
  wówczas	
  procesy	
  	
  
były	
  konsekwencją	
  praw	
  	
  

fizyki	
  oddziaływań	
  elementarnych	
  
(w	
  grawitacyjnym	
  tle).	
  

Wszechświat cząstek elementarnych 
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W+ → ?
ud̄
us̄
td̄
e+νe

µ+νe

µ+νµ

Z0e+

µ+ν̄µ




