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Fig. 2(c) that the full numerical solution (solid black curve)
approaches the DEF and CS-DEF frequency tunabilities in
the small and large injection limits, respectively. Whereas a
first-order transition is not observed, it is insightful to find
an analytical expression for a practical observable, such as
the maximum precessional frequency, �̃max. For this, we can
utilize the implicit equation for a DEF fluid velocity profile,
Eq. (15), to take the derivative with respect to u and equate
d/dū(�̃DEF) = 0. Because Eq. (15) is implicit, the maximum
frequency will be an implicit equation as well. Utilizing
Eq. (16), we can eliminate �̃DEF and, after some algebra,
we obtain the injection at maximum frequency, ūmax, that
depends on the input density at maximum frequency, n̄max,
according to

|ūmax| =
√

1 − n̄2
max

1 + 3n̄2
max

. (24)

Interestingly, this is precisely the sonic curve, Eq. (3). This
relation is a central result of this work. There are three
physical implications of Eq. (24). First, the relation bounds
the phase space for DEFs to the UHS subsonic regime, below
the solid curve in Fig. 1
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density and injection at the frequency maximum for L = 100,
(n̄max, ūmax), is shown by a black circle in Fig. 3(a). These
results have a clear physical interpretation. For short channels,
the problem limits to a local balance between injection and
damping. Therefore, the energy introduced into the system is
primarily invested in spin precession. In the opposite limit of
long channels, the energy is mainly invested in establishing a
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