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Quantenstatistik
3 verschieden Statistiken (Verteilungen)
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Three different statisticsThree different statistics
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classical particles
Maxwell-Boltzmann
statistics

Bosons
Bose-Einstein
statistics

Fermions
Fermi-Dirac
statistics
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Quanten Statistik 
Vergleich der Verteilungen für Bosonen, Fermionen
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Maxwell-Boltzmann Verteilung
unterscheidbare Teilchen

Maxwell-Boltzmann Verteilung
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Fermi-Verteilung IFermi-Verteilung I
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Fermi-Verteilung II
Leitungselektronen

Fermi-Verteilung II
Leitungselektronen
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Quanten Statistik 
Bosonen

Quanten Statistik 
Bosonen

Bose Einstein Verteilung Anzahl der Teilchen im Kondensat
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Bose Verteilung II
Planck‘sches Strahlungsgesetz
Bose Verteilung II
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BEC 
basic introduction

BEC 
basic introduction What is BEC? What is its underlying 

Physics? What the fundamental 
concept?
Colloquial: ‘all particles are in the same state’

• Broken Gauge Symmetry,   
• Off-diagonal long range order  (ODLRO)
• Long range phase coherence
• Macroscopic wave function of the 
condensate

These concepts were first introduced in studying 
superconductivity and superfluidity

What is the signature?
• Delta function of the occupation number of 
particles with zero momentum associated 
with long range phase coherence

• Bose narrowing (decrease in average energy 
as density gets higher).  For fermions it is the 
opposite.

• Process of stimulated scattering:  The 
scattering rate contains a factor (1+Nf) where 
Nf is the occupation number of the final state
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BEC 
basic introduction

BEC 
basic introduction

BEC  is a common phenomenon 
occurring in physics on all scales

• Condensed matter 
• atomic physics 
• nuclear and elementary particle 
physics 

• astrophysics

Bosonic degrees of freedom are 
composite, they originate from 
Fermionic degrees of freedom 
(in most cases).

• Fundamental Bosons:
gauge Bosons :  Photon, W,Z

• Fundamental Fermions:
p,n,e ….
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Observing BEC
phase transition, expansion
Observing BEC

phase transition, expansion

1 ms 5 ms 10 ms

20 ms 30 ms 45 ms

BEC @ MIT, Sept. ‘95

phase transition

Expansion
man “sieht“ den Grndzustand und in der 

Expansion erkennt man die Unschärferelation
Kurze Zeiten: sieht δx
Lange Zeiten: sieht δp

kleines δx -> großes δp (schnelle Expansion)
großes δx -> kleines δp (langsame Expansion)




