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SUPPLEMENTARY NOTE 1: REDUCTION OF 3D GROSS-PITAEVSKII EQUATION TO
NON-POLYNOMIAL SCHRÖDINGER EQUATION

Consider the 3D Gross-Pitaevskii equation describing the macroscopic wave function of a BEC [1]:
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where Vext is an external trapping potential of the form

Vext(r, t) =
1
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⊥(x2 + y2) + V (z, t) ≡ V⊥(x, y) + V (z, t). (2)

Here m is the atomic mass and ω⊥ is the frequency of the radial harmonic trap. For a sufficiently tight radial
confinement (large ω⊥), we can approximate the wave function as a Gaussian in the radial direction, φ(x, y, σ(z, t)),
multiplied by a 1D axial wave function ψ(z, t):
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where a⊥ =
√
~/(mω⊥), σ(z, t) encodes the width of the radial Gaussian wave function, and ψ(z, t) is normalised

to the atom number, N(t) (atom number can vary with time due to three-body recombination losses). Multiplying
Eq. (1) by φ∗(x, y, σ(z, t)) and integrating over x and y gives,
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Noting that ∫
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we obtain the NPSE Eq. (9) of the manuscript. The parameter σ(z, t) is constrained by minimising the Gross-Pitaevskii
action functional, yielding σ(z, t)2 =

√
1 + 2as|ψ(z, t)|2 [2].
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