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In the main text, we show that there are four phases: NS, FFLO, PTS, and TS, instead of three in a homogeneous
space. This extral PTS phase arises from the existence of a harmonic trap, where the chemical potential is replaced
by a local one µ̄ = µ − V (x) with the local density approximation. It is well known that a homogeneous spin-orbit

coupled superfluid becomes topological when Vz >
√
µ2 +∆2. In a harmonic trap, this relation can be approximately

written as Vz >
√
µ̄2 +∆(x)2. Based on this relation, a superfluid can have a phase separation structure (i.e. PTS):

a topological superfluid wing (Vz >
√

µ̄2 +∆(x)2 because of the smaller effective chemical potential µ̄) surrounding

a normal superfluid core (Vz <
√
µ2 +∆(x)2). This phase exists when |∆| < Vz <

√
µ2 +∆(0)2. In Fig. S1, we

present the order parameter profile |∆(x)| and ∆V = Vz −
√

µ̄2 +∆2 in a large region for three phases: (a) NS; (b)

PTS; (c) TS. In the NS phase, Vz is so small that Vz <
√
µ̄2 +∆(x)2 in the whole space and there are no topological

superfluids. As Vz is increased that Vz >
√
µ̄2 +∆(x)2 in the two shells as shown in Fig. S1 (b) so that superfluids

become partially topological associated with two zero energy states. This transition can also be characterized by a
sharp decrease of the minimum of the order parameter (i.e. ∆1) at the topological superfluids region (2xs < x < 9xs)
as illustrated in Fig. 2(b) in the main text. As Vz is furthur increased, Vz >

√
µ2 +∆(x)2 and the whole superfluids

become topological. In this phase, a soliton in the trap center hosts two Majorana fermions. Across the transition,
the maximum of the order parameter (∆0) drops suddenly as shown in Fig. 2(b) in the main text.
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FIG. S1: (Color online) Plot of the order parameter profile |∆(x)| and ∆V = Vz −
√

µ̄2 +∆(x)2 in (a) for the NS phase with
Vz = 0.3EF , in (b) for the PTS phase with Vz = 0.7EF , and in (c) for the TS phase with Vz = 0.768EF . Here αKF = EF and
Γ = π. ∆1 is the minimum of the order parameter in region 2xs < x < 9xs. The depletion at the center originates from the
existence of a soliton.


