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Even the longest journey is started by the    FIRST step (eV)!!!!!!!!!!!

14 TeV  =  10 000 000 * 1 000 000 * 1.4 eV



Feladatunk: részecskegyorsítók építése
és üzemeltelése a fizikai kutatás számára

CERN gyorsító komplexuma
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ARE WE BUILDING

BIGGER AND BIGGERBIGGER AND BIGGER
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Minek a részecskegyorsító?
A részecskefizikai kísérletekhez!

A részcskefizika az anyag legparányibb építőköveit 
vizsgálja módszeres alapossággalvizsgálja módszeres alapossággal 

Gyorsítók Mikroszkópok Optikai- és rádióteleszkópokTávcsövek



SCIENCE  between  WAR  and PEACE
Már a görögök......... Archimedes died in battle of Syracus 

• Galilei...”On 8 August 16O9, he invited the Venetian Senate to examine his 
spy-glass from the tower of St. Marco, with spectacular success: three days 
later, he made a present of it to the Senate, accompanied by a letter in which p p y
he explained that the instrument, which magnified objects nine times would 
prove of utmost importance in war. It made it possible to see ‘sails and 
shipping that were so far of that it was two hours before they were seen with 
the naked eye, steering full-sail into the harbour’ thus being invaluable against 
invasion by sea. ... The grateful Senate of Venice promptly doubled Galilelo’s 
salary ... and made his professorship at Padua a lifelong one.

• It was not the first and not the last time that pure research, that starved 
cur, snapped up a bone from the warlord’s banquet.”  A. Koestler: The pp p q
SLEEPWALKERS p.369.

• L Szilárd A Einstein Oppenheimer E TellerL. Szilárd, A. Einstein, Oppenheimer, E. Teller....





http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/debrog2.html

A convenient form for the DeBroglie wavelength expression is 

where hc = 1239.84 eV nm and pc is  expressed in electron volts. 
This is particularly appropriate for comparison withp y pp p p
photon wavelengths since for the photon,
pc=E and a 1 eV photon is seen immediately to have
a wavelength of 1240 nm. For massive particles with kinetic 
energy KE which is much less than their rest mass energies:

For an electron with KE = 1 eV and rest mass energy 0.511 MeV, 
the associated DeBroglie wavelength is 1.23 nm, about a thousand 
times smaller than a 1 eV photon (This is why the limiting resolutiontimes smaller than a 1 eV photon. (This is why the limiting resolution 
of an electron microscope is much higher than that of an optical microscope.) 





The Compton wavelength of a particle is given by

fwhere     is the Planck constant,  is the particle's mass,  is the speed of light.

The CODATA 2002 value for the Compton wavelength 
f th l t i 2 4263102175 10 12 t ith t d d t i tof the electron is 2.4263102175×10-12 meter with a standard uncertainty 

of 0.0000000033×10-12 m.[1] Other particles have different Compton wavelengths.

The Compton wavelength can be thought of as a fundamental limitation e Co p o a e e g ca be oug o as a u da e a a o
on measuring the position of a particle, taking quantum mechanics and 
special relativity into account.
This depends on the mass      of the particle. To see this, note that we can 
measure the position of a particle by bouncing light off it - but measuring p p y g g g
the position accurately requires light of short wavelength. Light with a
short wavelength consists of photons of high energy. If the energy 
of these photons exceeds   , when one hits the particle whose position
is being measured the collision may have enough energy to create ag y g gy
new particle of the same type. This renders moot the question of the
original particle's location.
This argument also shows that the Compton wavelength is the cutoff 
below which quantum field theory– which can describe particle creation q y p
and annihilation – becomes important.



We can make the above argument a bit more precise as follows. Suppose we wish 
to measure the position of a particle to within an accuracy  

. 
Then the uncertainty relation for position and momentum We can make the above says thatThen the uncertainty relation for position and momentum We can make the above says that

so the uncertainty in the particle's momentum satisfies

Using the relativistic relation between momentum and energy, when Δp exceeds   mc
then the uncertainty in energy is greater than   , which is enough energy to create 
another particle of the same type. So, with a little algebra, we see there is a fundamental limitation

So, at least to within an order of magnitude, the uncertainty in position must be greater than 
the Compton wavelength   .

The Compton wavelength can be contrasted with the de Broglie wavelength, which depends 
on the momentum of a particle and determines the cutoff between particle and wave behavioron the momentum of a particle and determines the cutoff between particle and wave behavior 
in quantum mechanics.
For fermions, the Compton wavelength sets the cross-section of interactions. For example, the 
cross-section for Thomson scattering of a photon from an electron is equal to

,
where   is the fine-structure constant and         is the Compton wavelength of the electron. 
For gauge bosons, the Compton wavelength sets the effective range of the Yukawa interaction: 
since the photon is massless, electromagnetism has infinite range.p , g g



CREATE NEW PARTICLE requires  ENERGY

elektron positron pair       E> 1 MeV

antiproton    E >  4 * proton massa t p oto p oto ass

Z  weak-boson   E >  90 proton mass

WW weak-boson pair   E > 160 proton mass

Higgs-boson (if about 120 GeV/c2 ) E > 220 proton mass





















High energy dipol magnet= elongated soleno
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The Compton wavelength of the electron is one of a trio of related units of length, 
the other two being the Bohr radius a0 and the classical electron radius re.
The Compton wavelength is built from the electron mass me, Planck's constant h

d th d f li ht Th B h di i b ilt f h d th l t hand the speed of light c. The Bohr radius is built from me, h and the electron charge e.
The classical electron radius is built from me, c and e. Any one of these three 
lengths can be written in terms of any other using the fine structure constant α:

The Planck mass is special because ignoring factors of 2π and the like, the 
Compton wavelength for this mass is equal to its Schwarzschild radius. 
This special distance is called the Planck length. This is a simple case of
dimensional analysis: the Schwarzschild radius is proportional to the mass,

h th C t l th i ti l t th i f thwhereas the Compton wavelength is proportional to the inverse of the mass.














