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The particle distribution function deviation from equilibrium one will linearly
depends as on parameters from the factors breaking equilibrium distribution, such, as a
gradients of density, temperature, velocity etc.

In standard neoclassical theory (SNT) the perturbations connected to a gradient of
longitudinal and transverse velocities were not taken into account. Let us remind that in
SNT the magnetic field value on a magnetic surface is used. This value is equal to

By =B /(1+¢&gcos0), whereB, is magnetic field on the plasma magnetic axes,
gg =TI, /R 1s an inverse aspect ratio, ry is magnetic surface radius, R is major tokamak

radius, O is poloidal angle.
The present analysis (PA) will carry out for an axisymmetric system (tokamak) with

a small inverse aspect ratio e€<<1, with a concentric circular flux surfaces for a

collisionless (banana-regime) plasma and far from the magnetic axes (Ar <<rg, where Ar

is the radial drift of the particle from the magnetic surface).
In this paper in contrast to SNT we will use the magnetic field value on a

particle drift trajectory - B=B( /(1+ ecos0). The orbit equation in this approximation is
given by [1]

e (0, G+ 50050 - 0,/ 7 050y 0
where ¢=2pq/R, p isthe Larmor radius, q is the safety factor, o, ==1 is the velocity
sign, G=1-pB,/E, p and E are the particle magnetic moment and energy, respectively,
e=r/R is the local inverse aspect ratio, oy =+1 and 04 are the velocity sign and the

poloidal angle in the point where the drift trajectory intersect the magnetic surface. For

the passing particles we have o, =oy.
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In SNT the particle trajectory is described with help of three constants-of-motion

(COM) which are E, p and g4. In the PA we have five COM, namely E, u, &g, o, and
O . So, in our case ¢ is the function of COM and 0.

In the SNT the particle longitude velocity is equal to the velocity on the magnetic

surface

1,16 ~
Viis =0, V4G + &5 cos0 =0, VVy, and

in the PA we use the longitudinal velocity

on the drift particle trajectory, namely

-
-
o

Vi1 =6, V/G + &(COM, 8) cos 6 = 5, VV;

In the figure one can see the curves of

| Vil » arb. units

1,05 longitudinal velocity against the poloidal

angle for different values of og. The SNT

velocity (64 =0) is shown dotted, and PA

100 |- velocities are correspondent to o ==1.

1 2 3 4 5 @ From the figure one can see that in the
0, degrees SNT the longitudinal velocity is even

function and in the PA the last is odd

function. It is obvious that radial gradient of longitudinal velocity is equal to zero in SNT

(dVyg /dr =0) and is not equal to zero in PA (dVy; /dr#0).

Let us decompose \N/H on even part \N/HS and its perturbation AV

~ ~ ~ =~ ~ ~ ~ Aecos® 8\~7H
Vi = Vs +AV =V + (Vu — Vi ): Vis +—=—=Viis + e Ag (2)
Ils R P
where Ae=Ar/R.
For Ae << ¢ one can obtain from (1) that
ST VJx Y Y
Ag = (oy Vs =05 Vs) 3)

2gg

where ¢t is the value of ¢ when E=T, x=E/T(gg) is normalized particle energy,

2
~ vV~
Vi =G +¢4cos0g . As E:mTVHZ+pB we have
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The local Maxwellian function can be presented as
f=fxefnfL (6)
where
3 _Exc
fae =| = k nee ¢ ©)
21T (g)
fip = e PVIAY <1 2x VAV (®)
p OB
— g=g AE
f) =e Tes) oe] ™ zl"'La_B g=¢ )
T(eg) Oe s
and
mV?2 \71218
Enc =+ By (10)

Let us consider the situation when on/ds =0 and 0T /0g =0. In this case we have
that fyc =f c(&s) =15, that is in such approximation fyc coincides with the distribution

function on magnetic surface f. The function fj is isotropic function.

The distribution function f has been written in the form

f=f(1-2xV AV + g + Ae+g)) (11)

T(eg) 0| =5

where the functions gj; and g, are not depended on poloidal angle.
To find the functions gy and g we will use the solvability conditions

2n
[ (12)
o Vi

for passing particles and
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ef C(f, 5, =+1) + C(f,5, =—1)

-0 (13)
V|

0;
for trapped particles. Here 0; and 0, are poloidal angles where the longitudinal velocity
changes its sign and C is a collision operator.

In this paper we have adopted the Lorentz operator

~ 0 ~ of
C(f)yz2vxViy —Vi1(1-G)— 14
(f) Vi 1 ( )aG (14)

where v is a collision frequency.

Using (11), (13) and (14), and neglecting the terms of the second order in €, we have

G ~
~ 1 ¢+ < Vp.cos0>dG
gy = [ SV cos6> G (s)
2 <VHS > VS
S
and
g, =-gq (16)

Here <> means averaging along the poloidal angle, and g=7¢ - GSng3 /2 /(2gy)

From (2) one can see that perturbations gy; and g | are determined by the radial gradient of

longitudinal velocity which is determined by the radial gradient of the toroidal magnetic
field.

So, the longitudinal velocity distribution function is

QTX%

&g

F =ffy = | 1- o4 ((\7115 —\N/s)cos9+gu) (17)

and the perpendicular velocity distribution function is
%
2

S

cTX

F| =f,f, =f|1+0, (Vs = V) cos0+ 1) (18)

A toroidal current calculated with help of the longitudinal velocity Vy; and the

distribution function Fyy is asymmetry current described in [2].
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