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Fig. 1. Three lowest-energy eigenstates of BdG equation in a quasi-one-dimensional box potential. The weak and strong interaction

are denoted by the scattering length being 0.1 nm (upper panels) and 5 nm (lower panels).
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Fig. 2. Dependence of quantum entanglement entropy for
the Bogoliubov ground state and first excited state on the
scattering length. The particle number N and trap para-

meters are the same as those in Fig. 1.

T P LR L REE AR, SRR
BRBAL S (a) = c1a® + s A 5 T2 00 S5 Wi
KEEZRIM R, XK %Uf%ﬁ”_fu*tlﬁi@’jﬂﬁ{ﬁ~
4t BEC. 24#4%4) R G40 T Bogoliubov FE AT, &
%&%Lijvk (noa)'/? | A T HEAS AL 755
JE ng &/ 1. AR L, Bogoliubov FE 2% 1) %% B2 4H
MRS VE po ~ I — e, Hr e = (nga)/2 S/
1 AR — B, XTSRS So o« (nga)'/?.
A S I A 2 s, MR LA SR 1. )

B ¢ KT 1/2, EATRERIAT [ SAJRTT (75

Iﬁjﬁ ng TESBIF BN 25 [N 51k
#1 WA S %, H SSE (sum of square
error) F/R1RZEF 5l
Table 1.  Fitting parameters (SSE, sum of square
error).
bl a c2 c3 SSE
So 4.669x10° 0.7803 0 2.3327x10
S1 1.9058x10>  0.7158  0.0482 7.482x101
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Abstract

Quasi-particle excitation in a Bose-Einstein condensate leads to quantum entanglement between real
bosonic atoms in the system. By using spectral expansion method, the eigenvalues and eigenstates of
Bogoliubov-de Gennes equation are numerically calculated in a quasi-one-dimensional infinite square well
potential. For the low-energy collective excitations of the quasi-particles, we explore the dependence of quantum
entanglement entropy of the Bose-Einstein condensate on scattering length. Our results show that the
entanglement entropy increases slowly with the increase of the scattering length, and such an increasing trend
can be well described by a power function. These results are analogous to those in a one-dimensional uniform
BEC, where the entanglement entropy of the Bogoliubov ground state is approximately proportional to the
square root of the scattering length. This work provides a viable way for investigating many-particle
entanglement in a quasi-one-dimensional trapped Bose-Einstein condensate where the quantum entanglement is

closely related to the interaction strength between particles.
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