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Introduction

Since the experimental observation of the Bose-Einstein condensation
[1], many theoretical and experimental researchers have focused their
attention on investigating variations of this phenomenon. In particu-
lar, it is wondered how adding an impurity with a different interaction
with respect to the rest of the particles in the bath can change the
system. Different works at zero temperature showed that a quasipar-
ticle (polaron) is created [5] and experiments at a certain temperature
computed the energy of such system (see Figure 1). With the aim of re-
producing the results of the experiment at finite temperature, methods
involving summations of Feynman diagrams [3] and approximations us-
ing variational ansatz [2] have been used in order to compare the results
with the existing ones. In this study a Path Integral Monte Carlo is
proposed instead in order to tackle this problem directly without any
approximation.

Fig. 1: Spectral response of the impurity in the BEC at T = 0.6Tc [4].

Path Integral Monte Carlo

In the Path Integral Monte Carlo the density matrix is broken into M
small divisions (called beads) in such a way that the remaining operators
can be projected onto different space basis,

ρ(R1,RM+1; β) =

∫
dR2 · · · dRMρ(R1,R2; ε) · · · ρ(RM ,RM+1; ε).

where ε = β/M . The Chin approximation is used to approximate the
divisions of the density matrix,
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where u0, ν1, ν2, a2, a1, t0 and t1 are some parameters to be optimised;
λ = ~2/(2m), and Fi is the force to particle i.

Implementation of PIMC method

• The problem can be reduced to an integral that can be calculated using a
Monte Carlo method: sampling different configurations of {R1, · · ·RM} with
probability

p(R1, · · · ,RM) =

M∏
i=1

ρCA(Ri,Ri+1; ε),

using the Metropolis algorithm.

• Each configuration can be represented with polymers instead of particles.

• Every particle is represented by a chain with M other subparticles (called
beads) that describe different steps in imaginary time of the particle.

Fig. 2: Representation of the interaction between two particles in the PIMC method.

• To sample different permutations, the polymer can be opened and swapped
with the rest of the polymers (worm algorithm).

Generalisation of the PIMC method for

mixtures

The four main changes that have been considered to simulate Bose-Bose mixtures
using the PIMC method are the following:

• Changes in the interaction between particles.

• The mass cannot be factored out of the summation in the action in the equation
of the Chin approximation.

• Particles of different species are distinguishable and, therefore, permutations
can only be performed between particles of the same type.

• The consequence of the last point is that now there are two different worms
and as a result a one more interaction between the worms has to be considered.

Results and conclusions

Fig. 3: Polaron energy of the repulsive branch at different temperatures.

Fig. 4: Polaron energy of the repulsive branch at different scattering lengths ratios.

• Only results on the repulsive branch have been obtained.

• We are working now on the attractive branch and on computing
other observables of the system such as the effective mass of the
quasiparticle or the structure factor.

• The results match with the current data but more properties have
still to be compared
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