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What one can say about the evolution 
governed by the many-body Hamiltonian 

without any approximations???



Double-well models
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MANY-BODY PROBLEM
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NEGLECTED

Two-mode models
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• Two-mode model appears in consequence 
   of  neglecting higher single-particle levels

NEGLECTED

• Then for TWO bosons only three states 
   are relevant:

Two-mode models

• The Hamiltonian



Two-mode models

For short-range interactions one can anticipate 
that some terms can be neglected

Then we obtain two-site version 
of  the standard Bose-Hubbard model



Two-mode models
• Exact model

• Two-mode approximation

• Hubbard-like description



Very high barrier
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Simple 
Bose-Hubbard 

model
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Inter-particle correlations

probability that bosons occupy different wells 

Two-mode description is insufficient 
to describe inter-particle correlations correctly!
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two distinguishable particles



Evolution of  the densities
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Evolution of  the densities
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Many-body spectrum
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Interaction

Many-body spectrum (N↑=N↓=1)
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two fermionic cloudlets



Spectrum of  the Hamiltonian
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