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Trimer model

Trimer models have been 
widely considered to study 
the appearance of quantum 
breathers, which are known 
to exist in the classical 
versions [1, 2, 3, 4, 5, and 
more…].
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In this work …
1 2

We analyze spectral properties of 
a quantum trimer model [1,2] and 
how they reflect the time 
evolution of localized excitations. 
This model describes a nonlinear 
quantum dimer coupled to a third 
site which generates quanta 
number fluctuations and destroys 
integrability.
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Classical-quantum correspondence

A quantum breather 
(QB) corresponds to a 
nearly degenerated pair 
of eigenstates of the 
quantum system. The 
inverse energy splitting 
corresponds to the 
tunneling time of an 
original classical 
breather between the 
two sites of the dimer
part
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Spectrum

We numerically 
diagonalize the 
symmetric and 
anti-symmetric 
decomposition of 
H in the number-
of-bosons basis
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Time evolution of excitations

tjtj ntn ΨΨ= ˆ)( We computed 
expectation values of 
the number of quanta 
at every site in the 
trimer and survival 
probabilities of several 
initial excitations as a 
function of time
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Expectation values of the number of quanta and 
survival probability
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Spectrum: Tunneling pairs
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Energy levels show 
avoided crossings  
when we vary the 
parameter that 
regulates the non-
integrability of the 
system

Avoided crossing between energy levels

We analyze three particular avoided crossings computing 
the energy separation between a single state and a 
quantum breather tunneling pair. We found out three 
different situations:



R Pinto and S Flach                              
NLDD05  Sevilla, March 3-4, 2005 10

Case (a): Energy levels intersect once (degeneracy 
point). Existence of an asymmetric quantum breather.

Tunneling is suppressed completely 
(other states have no impact)
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Density: How does an 
asymmetric eigenstate look?
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States in the degeneracy point: tunneling partially 
suppressed for all times

There is partial 
localization
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Case (b): Influence of other states. Energy levels do not 
intersect due to a nearby avoided crossing
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Case (c): Energy levels intersect twice. The asymmetric 
quantum breather is more strongly localized
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States in the degeneracy point: tunneling strongly 
suppressed for all times
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Case (a) Case (c)

Average number of quanta and survival probability 
for the initial state |Ψ0〉 = |26, 2, 12〉
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Conclusions

Tunneling pair splitting determines lifetime of 
localized excitations (LE)
Spectral intensity of LE is typically broad and 
insensitive to QDB existence
Survival probability and 〈n〉(t) are clear indicators for 
a LE being close or far from a QDB
Existence of degenerate levels in the spectrum due 
to avoided crossings suppresses tunneling for all 
times for magic states and magic parameters.
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Tunneling pairs and spectral intensity
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