
Physics 471 - Introduction to Modern Atomic Physics

Topics

1. Thermal and classical sample
Collisionless and hydrodynamic regime 
Thermal equilibrium

2. Quantum scattering
Elastic and inelastic collisions
Scattering matrix
Scattering cross section
Scattering wave function
Scattering phase shifts and scattering length

3. Example: 
Hard-core potential
Box potential
Resonant scattering
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Collisionless and hydrodynamic regime

Box size: L

Mean free path >> L

Mean free path << L

Interaction is dominated by two-body collisions

σn/1
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What happen if …

Mean free path <<
particle size

Two-body no longer dominates… 
• Many-body effects
• Long range order
• Phase transitions



Molecular potential of Cs2



Molecular structure near the continuum
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Quantum scattering theory

No scattering
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Elastic cross section

Inelastic cross section



1/k=1000 a0   (for Cs at 1uK)

100 a0   (for Cs)
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Low energy scattering: Only one s-partial wave (spherical wave)

No interaction With interaction



Scattering phase shift
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Phase shifts δl fully determine the scattering

Scattering energy 

µ2

22kE 
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Scattering length
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Collisions at low energies

a >> r0

a ~ r0

σ=8 π a2
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Energy
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Single channel (potential resonance)
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Identical threshold behavior to real atoms with 
the effective box potential
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At zero scattering energy

Real atoms: V(r) = -C6/r6
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Square well Depth =                     Coll. Energy =

Depth = 0
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