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The method Functional integration

Functional integration of a nonrelativistic scalar field
is an elegant formulation of Quantum Field Theory to

study the Thermodynamics of Bose-Einstein conden-
sates, made with dilute ultracold atomic gases. In 3 WhiCh, within a beyond—mean—fie|d approximation, allows us to

Functional integration is a formulation of Quantum Field Theory We consider a uniform D-dimensional Bose gas of identical cold
atoms with mass m, described by the complex field (7, 7). The
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over all possible configurations of a system. If fluctuation field superfluid i
the system is described by a field ¥(F, t), we densities ng, N. Q" ;
can 'sum’ over all the possible field configu- (3)
rations, defined for every 7 and t. Quantum Our aim is to investigate condensation (i.e. macroscopic occupation where, using £, = h?k?/(2m), we define the excitation spectrum
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probability amplitude.

Two-dimensional equation of state Condensation and superfluidity in D dimensions

The zero-temperature equation of state connects the pressure P = —Q/LP and the chemical We calculate the number density n as a function of condensate density ng and T as

potential p. In Ref. [3], we study the finite range interaction V' (k) = go + gok? (in 1 99Q(ptes 1o, T) B £(0) £(T)
momentum space). With the superfluid parametrization 1) = 1/pg + dpe'?, equivalent to Eq. n(no, T) = | D AL g = no + 1,7 (o) + £;77(no)
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2, we derive the zero—temp;rature equation of state for a 2D homogeneous Bose gas while the superfluid density n. = n(ng, T) — nu(ng, T), with n, the normal density, is
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which is obtained through a dimensional regularization procedure of the diverging grand — 7D BY = ns(no, T) mvs + ny(no, T) mv,
n He=80"N0

potential Qg)). Here gp and g> can be linked with experimentally tunable parameters: the

s-wave scattering length a,, and the characteristic range of the interaction Rep. For the finite-range effective interaction V' (k) = gop + g2k* we calculate [2] in 3D and in 2D:
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transition: notice the interplay of Bose-Einstein

condensation (BEC) and superfluidity (SF).
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