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Abstract:

Classical or c-fields are a way to tractably describe the thermal state of a quantum Bose gas with an
ensemble of complex wave functions. They are widely used as one of the only practical methods for quasicondensates
and partially condensed gases but have never been checked with exact results when interactions are strong. We
benchmark them to the exact Yang & Yang solutions for the interacting 1D uniform gas. This allow us to determine the
range of validity and specify good values for the cuttoff parameter that is essential for accurate results.

C-fields
approximation:

C-fields approximation requires finite numbers of degrees of freedom. In practice this is
assured by defining the last state that can be occupied in phase space, labeled by
the CUTOFF momentum Kc:
Probabilistic properties of the condensate were
benchmarked for small interactions [1], [2], in trap [4].

𝑲𝒄 = 𝒇𝒄 𝟐 𝑻
We consider the local density approximation (LDA) and use the grand canonical
ensemble (GCE) which is a useful description in such a situation. We benchmark
physical observables against the exact Yang & Yang [5] solution, precisely
matching the density n and parameters 𝛾, 𝜏, and varying the cutoff.
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LDA cutoff applied to a trapped gas as in the
experiment [3]: 1D quasicondensate gas
in a harmonic trap at T=18nK.

Conclusions:
1. We rigorously benchamark the classical field description of the interacting 1D Bose gas
by comparing with exact results (Yang & Yang).
2. We are striving toward determining the regime of validity of the prescription
( 𝑅𝑀𝑆 ≤ 0.1) as well as the optimum values of the cutoff.
3. Choosing relevant obserbables is essential, because the optimum cutoffs and accuracy
of the method do differ between observables.
4. Usefulness in practice… we have endeavoured to present an easy prescription that does
not depend on trap geometries.
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