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The ‘Real’ World of Particles

E. Wigner:

“A particle is an irreducible representation of the
inhomogeneous Lorentz group”

Spin=0,1/2,1,3/2 ... Mass>0

ANNa1s or MaTHEMATICS
Yol. 40, No. 1, January, 1939

ON UNITARY REPRESENTATIONS OF THE INHOMOGENEOUS
LORENTZ GROUP*

By E. WIGNER
(Received December 22, 1937)

1. ORIGIN AND CHARACTERIZATION OF THE PROBLEM

It is perhaps the most fundamental principle of Quantum Mechanies that the
system of states forms a linear manifold,’ in which a unitary scalar product is
defined.” The states are generally represented by wave functions’ in such a way
that ¢ and constant multiples of ¢ represent the same physical state. It is
possible, therefore, to normalize the wave function, i.e., to multiply it by a
constant factor such that its scalar product with itself becomes 1. Then, only a
constant factor of modulus 1, the so-called phase, will be left undetermined
in the wave function. The linear character of the wave function is called the
superposition principle. The square of the modulus of the unitary scalar
product (¥, ¢) of two normalized wave functions y and ¢ is called the transition
probability from the state ¢ into ¢, or conversely. This is supposed to give the
probability that an experiment performed on a system in the state ¢, to see
whether or not the state is ¢, gives the result that it is . If there are two or
more different experiments to decide this (e.g., essentially the same experiment,

E.g. in Steven Weinberg, The Quantum Theory of Fields, Vol1



The ‘Real’ World of Particles

W. Riegler:

“...a particle is an object that interacts with your
detector such that you can follow it’s track,

it interacts also in your readout electronics and will
break it after some time,

and if you a silly enough to stand in an intense
particle beam for some time you will be dead ...”

Are particles “real” ?
are they in principle “invisible” ?

The alpha particle j

The alpha particle

Thomson's model of atom Rutherford's model of atom

Looking at your hand by scattering light off it is the same thing as
looking at the nucleons by scattering alpha particles (or electrons) off it.

)* the content of this slide represents only the personal view of the lecturer, and must not be quoted as an official point of view
of the particle physics community’



The ‘Real’ World of Particles

Elektro-Weak Lagrangian
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The ‘Real’ World of Particles
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Scales
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Build your own Accelerator

2 615 596 km/h
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Probability that it decays in the time interval At = p
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ATLAS

CMS
A Compact Solenoidal Detector for LHC
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Fig. 1 - The ALEPH Detector
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CMS
A Compact Solenoidal Detector for LHC

FORNARD

MUCN CEAMBERS
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D.Bamey, CERN, Februsy 2003



Z > ete

Two high momentum charged particles depositing energy
in the Electro Magnetic Calorimeter
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Z > IJ+ -
Two high momentum charged particles traversing all
calorimeters and leaving a signal in the muon chambers.

8 ALEPH or:
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W*W- > e+ m + n_+n_

Single electron, single Muon, Missing
Momentum

Gev EW
Gewv EC
Gewv HC
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Z > qa

Two jets of particles

s ALEPH DALI Run=15768 Evt=5906
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Z> qqg

Three jets of particles
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Two secondary vertices with characteristic decay
particles giving invariant masses of known particles.

Bubble chamber like — a single event tells what is
happening. Negligible background.

Run=27381 Evt=864
ALEPH DaLI ar: 3 Ald

——l Gewv EC
—

Gewv HC

0
£)20<20 DO<5 man.cut
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ALEPH Higgs Candidate
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statistical excess gives signature.
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Cosmic Shower of Muons
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Conclusion:

Only a few of the numerous known particles have
lifetimes that are long enough to leave tracks in a
detector.

Most of the particles are measured though the decay
products and their kinematic relations (invariant
mass). Most particles are only seen as an excess over
an irreducible background.

Some short lived particles (b,c —particles) reach
lifetimes in the laboratory system that are sufficient to
leave short tracks before decaying - identification by
measurement of short tracks.

In addition to this, detectors are built to measure the
8 particles

+ ~ 1 : 3
e,/u:,’)/‘,TT,K  K®, pum

Their difference in mass, charge and interaction is the
key to their identification.
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