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The question
THE INITIAL STATE ‘

Position (osc. units)

What one can say about the evolution
governed by the many-body Hamiltonian
without any approximations???



Double-well models
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Double-well models
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MANY—BODY PROBLEM
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Position (osc. units)
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governed by the many-body Hamiltonian
without any approximations???



MANY-BODY PROBLEM
BOSONS

A= [dz &' @) Ho W (2) + g /da: ' ()8 (2) ¥ (2) ¥ (2)

standard commutation relations

[\i'(a:), \ilT(:c')] =6(zx — ')




MANY-BODY PROBLEM
FERMIONS

H=3" / dz ¥ (2)HoW o (z) + g / dz ¥ (z) %) (z) ¥4 (2) ¥, ()
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Two-mode models
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Two-mode models

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

* Then for TWO bosons only three states
are relevant:

IAWIWE

Energy (osc. units)

Parameter A
e The Hamiltonian
) U V2(T — J) V/2
H2Mode — \/§(T — J) |4 \/§(T — J)

V/2 V2(T — J) U



Two-mode models
( U V2(T — J) V/2 )

H2Mode —

V2(T — J) 1% V2T — J)
V/2 V(T — J) U

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

I'kU VKU

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

U —-v2J 0
Hey = ( —/2J 0 —/2J )
0 —2J U



Two-mode models

e Exact model

A A

H = /dx &' (2)Ho W (2) +g /d:z:\If (2)¥ (2)¥(z)¥(z)

 Two-mode approximation

U V(T — J) V/2
7:[2Mode:(\/§(T_J) |4 ﬂ(T_J))
V/2 V2(T — J) U

 Hubbard-like description

U —V2J 0
’HBH — ( —\/§J 0 —\/§J )
0 —/2J U



exact model

complete
two-mode model

Simple
Bose-Hubbard
model
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Inter-particle correlations

probability that bosons occupy different wells

AT A A
)= / Az / dzy (U ()9 (1) (22) ¥ (22) & () [T (1))
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Probability

A=3, U/J=12
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Normalized time (h/J)

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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Many-body spectrum
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two fermionic cloudlets




Spectrum of the Hamiltonian
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