Single-particle momentum distributions for bosonic trimer states
in two and three dimensions
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Cold atomic gases are a rich playground to study not only few-body correlations but also
the effects of dimensionality by changing the applied optical fields. A notorious dimensional
effect occurs in the spectrum of three-boson systems in the universal limit when we pass
from three (3D) to two (2D) dimensions. In this case, for a two-body energy (E,) equal
zero, the infinite number of three-body bound states, which appears as a consequence of
the Efimov effect [1], is reduced to zero because in 2D there is only one scale given by FEs,
such that the three-body bound states (there are only two in 2D) are proportional to this
two-body energy. Another interesting quantity that is sensitive to dimensional effects is the
single-particle momentum distributions, n(k).

The asymptotic behavior of the leading-order term of the single-particle momentum dis-
tribution, n(k) = limy_,., C»/k*, gives the Tan’s contact parameter, Cy [2], which connects
few- and many-body worlds. The tail of the leading-order term is the same for one, two
or three dimensions since it results only from the two-body physics. However, the next-to-
leading-order term, which gives the three-body contact parameter (C3), changes drastically.
For three bosons in 3D it presents a log-periodic behavior [3,4], coming from the Efimov
physics, whereas in 2D it has only a logarithm dependence on momentum [5].

In this presentation, we will show the single-particle momentum distributions for three
bosons interacting by a zero-range potential in 2D and 3D. Several formulas derived analyt-
ically are compared with numerical results. In 2D [5], we explicitly show that the two-body
contact parameter is universal and then demonstrate that the momentum distribution at
next-to-leading order has a logarithmic dependence on momentum which is vastly different
from the three-dimensional case. Based on this, we propose a scheme for measuring the
effective dimensionality of a quantum many-body system by exploiting the functional form
of the momentum distribution.

In 3D [4], we solve the three-body bound state problem for mass imbalanced systems
of two identical bosons and a third particle in the universal limit. The system displays the
Efimov effect and we use the momentum-space wave equation to derive formulas for the
scaling factor of the Efimov spectrum for any mass ratio. We consider the single-particle
momentum distribution analytically and numerically and analyse the tail of the momentum
distribution to obtain the three-body contact parameter. Our finding demonstrate that
the functional form of the three-body contact term depends on the mass ratio and we
obtain an analytic expression for this behavior. To exemplify our results, we consider
mixtures of Lithium with either two Caesium or Rubium atoms which are systems of current



experimental interest.
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