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Figure 1: (b): Self-trapping of a vortex state with l = 1
and 2D-integrable density singularity (c) from a regular
input with the same vorticity (a), produced by simulations
of the GPE with the LHYP quartic self-repulsion, as per
[3]

The talk aims to produce an overview of re-
sults for states with an integrable density trapped
in the potential of attraction of an electric dipole
to a central charge, U(r) = −(U0/2)r

−2. The lin-
ear Schrödinger equation with this potential gives
rise to the quantum collapse at U0 > 1/4 in 3D,
and at any U0 > 0 in 2D. On the contrary, the
3D Gross-Pitaevskii equation (GPE) with the cu-
bic self-repulsion suppresses the collapse and cre-
ates a ground state (GS) with an integrable density
singularity ∼ r−2, at all values of U0 > 0 [1]. In the
framework of the quantum many-body theory, this mean-field (MF) GS corresponds to a metastable state
secured against collapse by a high potential barrier [2]. In 2D, the GS, with integrable density singularity
∼ r−4/3, is created by the Lee-Huang-Yang-Petrov (LHYP) quartic self-repulsive term, which represents
a correction to the MF produced by quantum fluctuations [3]. The same 2D setting supports singular
vortex states with orbital quantum number l. These states are stable if the strength of the attractive
potential is large enough, viz., U0 > (7/9)(3l2 − 1).
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