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How to deduce the entropy from atom-atom
correlations
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We derive a thermodynamic Maxwell relation by which the entropy of an ultracold atomic gas can be deduced
from the local (same point) atom-atom correlation function. The Maxwell relation in question is applicable to
many-body systems with short-range interactions that can be characterised by s-wave scattering. For such
systems, the local atom-atom correlation function represents a thermodynamic quantity that can be calculated
from the Helmholtz free energy using the Hellmann-Feynman theorem [1]. Here, we exploit this property to
derive a Maxwell relation that relates the atom-atom correlation to the thermodynamic entropy of the system
[2]. As a practical application of this Maxwell relation, we utilise it to calculate the entropy of a weakly inter-
acting one-dimensional (1D) Bose gas from its atom-atom correlations in the context of the c-field approach of
the stochastic projected Gross-Pitaevskii equation (SPGPE). The SPGPE is a well established and widely used
numerical approach for computing thermal equilibrium and dynamical properties of finite temperature Bose
gases, such as partially condensed Bose-Einstein condensates in 2D and 3D, or phase-fluctuating quasiconden-
sates in 1D. Despite its wide applicability to ultracold quantum gas systems, computing the entropy of such
systems within the SPGPE has not been accomplished prior to this work. Our calculations can also be viewed
as a numerical experiment that serves as a proof-of-principle demonstration of an experimental method to
deduce the entropy of an ultracold quantum gas from the measurements of atom-atom correlations.
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