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Figure 6: Time evolution of the quantum state |�
inf

i, which corresponds to the inflection
point of the Bogoliubov Hamiltonian. The value of n2(t) is plotted for N = 60. We
observe that lower frequencies dominate around � ⇡ 2.083.
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Figure 8: Critical value �(N)
lm as a function of particle number N . The positions obtained

from numerical simulations are plotted in blue. The fitted function (42) is shown in red.
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Figure 9: Variations of the critical state at � = 2.083 for N = 60 in position space.
The relative particle density ⇢/N is plotted. The green line corresponds to the critical
state |�

inf

i itself and the adjacent lines are variations of it, which we obtained by slightly
changing the value of x used in the minimization procedure that determines the quantum
state: xi = x

inf

(�) + �xi. The values of �xi are indicated in the plot.

quantum state: xi = x
inf

(�) + �xi. This determines a family of quantum states |�
inf, i

i,
where |�

inf, i

i is a state of minimal energy subject to the constraint that its relative
occupation of the 2-mode is xi. Their particles densities are also shown in Fig. 9.

4.3 Comparison with Goldstone Phenomenon

It may be useful to compare our effect with the well-known phenomenon of appearance of
gapless excitations in the form of Goldstone bosons. The latter modes emerge as a result
of a phase transition with the spontaneous breaking of a global symmetry. The crucial
difference is that Goldstone modes consistently exist in a domain past the critical phase.
This is not the case in the present model. Our gapless modes only exist at the critical
point and they appear due to cancellation between the positive kinetic energy and a
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