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Abstract
Corrigendum for the manuscript (Raghunathan et al 2022 Plasma Phys. Control. Fusion 64
045005).

The authors would like to correct the following errors in their
original manuscript.

1. Corrections in subsection 6.2

The passage in subsection 6.2, starting from ‘Generally, in
the drift approximation. . .’, up until ‘. . .which is included
in the momentum equation’, has been rewritten to correct
for some errors and edited for better clarity. Firstly, the
drift-kinetic ordering scheme has been made more explicit,
along with their definitions better reflecting neoclassical ter-
minology. Furthermore, there are two additional terms from
equation (C8) which enter the RHS of the reduced equation
for σα,∥∥, arising from the terms being of low knudsen num-
ber, and therefore surviving. The first of these extra terms
was pointed out by Sergei Makarov (Max-Planck Institut
fur Plasmaphysik, Germany), whom we would like to thank,
in addition to suggesting changes for clarifying the order-
ing scheme. The equation after equation (64) has now been

∗
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split into two equations numbered equations (65) and (66),
for the reduced equations for rα0,∥ and σα0,∥∥ respectively.
Furthermore, with the clarified ordering, we also find the first-
order terms (in the drift ordering scheme) need to be explicitly
written on the RHS of equations (63)–(66). The indicated por-
tion should now read as follows:

Following neoclassical theory, we can separate out flows
as uα = uα0 +uα1, where the zeroth order flow uα0 con-
sists of the individual species flow and E×B flow. The
commmon flow wα now would be calculated by the dens-
ity weighted average of uα0. In the drift approximation of
Hinton and Hazeltine35,36, especially for tokamak regions with
strong pressure gradients, it may so happen that the total first-
order flow velocity uα1 = uα1,⊥ +uα1,∥, where uα1,⊥ = B×
∇pα/niZieB2 is the diamagnetic flow velocity and uα1,∥ is its
parallel return flow, is comparable to the main particle flow
and the E×B flows. Accounting for this flow is important,
since it often is the main contributor to the augmented fric-
tion force that leads to impurity accumulation in steady state
with absence of turbulence37,38. Furthermore, this diamag-
netic flow is usually accompanied by the corresponding first-
order neoclassical heat-flux39 qα1 = qα1,⊥ +qα1,∥, where the
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diamagnetic heat-flux is qα1,⊥ = (5/2)pαB×∇pα/niZieB2

and qα1,∥ the corresponding neoclassical parallel heat-flux
of the first-order. The gradients of this first-order heat flux
may indeed be significantly larger than the gradients of
particle fluid flow velocity and the E×B flow velocity. And
indeed any further gradient of the gradient of the diamag-
netic heat-flux would be an order higher, and hence can
be neglected. Furthermore, the Knudsen number ordering
scheme of the Zhdanov closure, other than for the first-
order heat-flux and flow, is compatible with the drift order-
ing. Thus, in such a situation, one only needs to incorpor-
ate the diamagnetic heat-flux in equations (56) and (58).
In case of this, the expressions can be modified as follows
to find
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where ϵα1,∥∥ = {∇uα1}∥∥. The equations for rα is similarly
modified,
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but the equation for σα contains a new term, as follows
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where sα is a moment given by sα =
´
(mαc4α/4)cαfαdcα. A

simplification of equation (66) can be performed by Grad’s
closure on the moment sα therfore setting sα = (7/2γα)hα.
The first-order parallel quantities can be substituted for the
ones in the relevant neoclassical regime. A possible method
of solution for such a system can be found in the solution of
a similar system in reference 13, in which, the equations are
simplified so as to make the rank-1 equations solvable first by

neglecting the stress-tensor divergence term, and then rank-
2 equations are solved including the heat-flux term and by
Grad’s closure on sα.

2. Corrections in appendix C

Equation (C5) should read as follows
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The general balance equation for rank-1, equation (C7), has
a correction for a typographical error in its second line
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The general moment equation for rank-2 tensorial moments
b2n, equation (C8), should read as
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Notice the typographical correction on lines 2 and 11. Notice
also an algebraic correction on line 4, for which we would like
to thank Jason Hamilton (Los Alamos National Laboratory,
USA) for pointing out.
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