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The dissipation is called Planckian, when the relax-
ation time 7 is comparable with /T, see e.g. [1-3] and
criticism in [4]. In principle, the other types of dissi-
pation can be also called Planckian, when the relax-
ation time 7 is comparable with the other quantum
time scales. Then, in general, the Planckian dissipation
takes place, when the time scales related to dissipation
(Thouless time [5], elastic scattering time 7, inelas-
tic scattering time Tinel, spin-relaxation time, etc.) are
compared with the characteristic energy scale: temper-
ature T', kinetic energy per particle, gap in the energy
spectrum, interlevel distance A E in mesoscopic systems
and in the vortex core, etc. We consider the case, when
h/7 becomes comparable with the interlevel distance in
the core of vortices [6]. In this case the transition from
super-Planckian to the sub-Planckian dissipation marks
the onset of the vortex turbulence in superconductors
and fermionic superfluids |7, §].

In the weak-coupling BCS regime, where the gap
A <« Ep, the vortex core contains the chiral branch
of the discrete levels. These Caroli-de Gennes-Matricon
levels are quantized with either E,, = (n + 1/2) AFE or
E, =nAEFE [9]. In the latter case the core contains the
Majorana fermions [9-11]. The scattering leads to the
broadening of the core levels. If the broadening i/7 be-
comes comparable with or larger than the minigap AF,
the energy levels overlap, and the chiral branch becomes
continuous. This allows the spectral flow from the neg-
ative energy states to the positive energy states, which
leads to the spectral flow force acting on the vortex
[12]. This phenomenon represents the analog of the axial
anomaly. The analogy becomes exact in case of continu-
ous vortices (skyrmions) in *He-A with Weyl fermionic
quasiparticles, where the spectral flow is governed by the
Adler-Bell-Jackiw anomaly equation [13]. The spectral
flow is the important ingredient of the vortex dynam-
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ics experimentally studied in detail in the fully gapped
3He-B and in the chiral He-A [13, 14].

The coarse-grained hydrodynamic equation for the
velocity of the superfluid component is:
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where v, and v,, are the superfluid and normal velocities
correspondingly, and w; is the unit vector of superfluid
vorticity wg. The first term in the rhs of Eq. (1) comes
from the conventional Magnus force acting on vortices.
The second term with the parameter o/ is also the reac-
tive (nondissipative) force, but it comes from the effect
of the chiral anomaly. The third term is the friction force
acting on quantized vortices, when they move with re-
spect to the normal bath.

As distinct from the turbulence in classical liquids
the turbulence in the two-fluid hydrodynamics is de-
scribed by 3 Reynolds numbers. One Reynolds number
describes the dynamics of the normal component. In
3He due to the high viscosity of the normal component,
its Reynolds number is small and the normal flow is
laminar. The normal component is typically at rest, i.e.
v, = 0. Then the superfluid dynamics in Eq. (1) con-
tains two dimensionless parameters:
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where hiwy = AF is the minigap.

The velocity independent superfluid Reynolds num-
ber — the ratio between the reactive and dissipative
terms — has the direct relation to the Planck dissipa-
tion:
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In the regime Re, < 1 the spectral flow along the
core levels becomes allowed, and in the limit Re, < 1
the Kopnin spectral force almost completely compen-
sates the conventional Magnus force. In this regime, the
dissipation wins over the combined reactive force, and
this prevents the turbulence. When Re, > 1, the energy
levels become isolated from each other, the spectral flow
is suppressed, the Magnus force wins over dissipation
giving rise to the quantum turbulence.
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Fig. 1. Phase diagram of the vortex turbulence from [15]
in terms of two Planckian parameters, which serve as

the quantum Reynolds numbers, Re, and Res, where
1/Re, = (h/7)/AFE and 1/Re; = h/(mUR)

The phase diagram of vortex turbulence in Fig. 1 is
determined by superfluid Reynolds numbers, Re, and
Res, both can be called Planckian. The Reynolds num-
ber Re; is Re; = UR/(R/m), where U and R are the
parameters of the flow at large scale. This superfluid
Reynolds number looks similar to the Reynolds num-
ber in classical liquids, Re = UR/v, but instead of the
kinematic viscosity v the quantum quantity %/m en-
ters. At T ~ 0.67,, the transition from the laminar
flow to the vortex turbulence takes place, which follows
both from experiment and theoretical calculations. Be-
low this transition the vortex turbulence is described
by the classical-like Kolmogorov cascade. At very low
temperature, when Reg > Re?}, the dynamics of the in-
dividual vortices becomes important. It is the Vinen tur-
bulence [16], which is characterized by the single length
scale — the distance between vortices.

In conclusion, the notion of the Planckian dissipation
can be extended to the system of the Caroli-de Gennes-
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Matricon energy levels in the vortex core of supercon-
ductors and fermionic superfluids. In this approach the
Planck dissipation takes place when the scattering time
7 is comparable with the Heisenberg time ty = h/AFE.
The spectral flow of levels along the chiral branch of
the Caroli-de Gennes-Matricon states takes place in the
super-Planckian region, i.e. when 7 < A/AFE, and is
absent in the sub-Planckian region, 7 > i/AFE. As a re-
sult, the Planck dissipation separates the laminar flow
of the superfluid liquid at 7 < h/AFE and the vortex
turbulence at 7 > i/AE.
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