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Drift instability of plasmain afield reversed configuration is considered. Kinetic model takes into account resonant
effects associated with particle drift due to magnetic field gradient and force line curvature.
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In this work we consider drift ingtability in the plasma
of a fidd reversed configuration (FRC). Main feature of
kinetic model under consideration is connected with
magnetic drift of a particle in non-uniform magnetic field
of FRC. Such an approach dlows taking into account
resonant effects associated with particle drift due to
magnetic field gradient and force line curvature.

We have obtained solutions for such ingability for
relatively low-b regions of the FRC plasma. This
condition corresponds to edge FRC plasma.

Ingability under consideration is similar to ion
temperature gradient (ITG) ingability but it has essential
features for the FRC plasma.

In our caculation we consider full perturbed kinetics
bath for ions and for eectrons with no adiabatic response
assumption. Perturbed part of the velocity distribution
functionis[1, 2]
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Here a means ions or dectrons (a=i, €), ks is the

Boltzmann constant, fy, is equilibrium (Maxwellian)
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velocity distribution function, j ~ is wave potential, g, is

the particle charge, T, is temperature, k; is wave number
along magnetic field, uy is velocity of the particle along
magnetic field, Jy(L,) is the Bessd function of the

argument L ,=K.os /W, , ke is perpendicular wave
number, u~ is perpendicular velocity of the particle, w,
is gyrofrequency of the particle, wp, =k X/p, , Vp, IS
magnetic drift velocity,
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We, =k, , V., is diamagnetic drift velocity,

hy =Lna /Lras Lna =- Ny /NAN,, Ly, =-T, /NAT, ,
N, isadendty, m, isamass of the particle.

We consider electrostatic instability and use neutrality
condition
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as for drift waves krp <<1 (rp isthe Debay radius).

For FRC Wiy = ka _KeTa , 4
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where B is magnetic field induction, Ly =B/N. B,
ar=Lg/R, (6)

1R is averaged magnetic force line curvature on the
particle orbit.

Note, Ly, , Ly, and Lz are positive in considered
FRC geometry.

For circulating particles 1/R»1/a, where a is FRC
separatrix radius. For trapped particles curvature value
depends on the ratio u /u? connected with the fraction
of the trapped particles er;.

Let’s consider hydrogen plasmawith h; =h, =h .In
this case

Ly /Lg =(@+h)b /(- b), @)

where Ly = Ly = Lye-
AS Kir 4o <<1 (rte is thermal eectron gyroradius)
finally dispersion equation hasaform
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where Q=T,/T,; and L <<1.
The solution of the formulated problem w(kx k)

depends on the following parameters: er;, Q, ar, b and h.
Numerical anaysis has shown no solutions in
adiabatic electron response regime for k.ro; <1 (ry is
thermal ion gyroradius). So, “familiar” 1TG ingability has
not realized in considered local FRC approximation.
Under typical conditions of FRC experiments [3-9]
confinement times for plasma energy, magnetic flux and
particles have the same order, i.e. tg » t; » ty. Plasma
parameters the experiments [3-9] ae as follows:
separatrix radius a ~ 0.1 m, magnetic field of external
coils By ~ 0.1 T, total temperature T, = T; + T ~ 100 eV,
ion temperature T; » 0.7T,, particle confinement time
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ty~10* s. For analysis we assume that h ~ 2. Note, for
the mentioned above conditions classical diffusion timeis
ty»a’/Dag 5102 s where Dy is classical diffusivity.

Here we report results of the calculations. They have
indicated very weak influence of e, on the ingability.
The increment has amaximum at ksr ; » 0.25. Modes are
ungtable for |w/k|| [>uq., where ure thermal eectron

velocity.
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Fig. 1. Real frequency (dashed lines) and increment (solid
lines) versus ar. k=0, er=0, t=0.5, h=h;=h~2,
b=0.07. 1 —k.r =02, 2—kar =0.05, 3—k.r ;=0.35
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Fig. 2. Real frequency (dashed lines) and increment (solid
lines) versusb. k=0, er=0, t=0.5, ag=3.
1-h=2, k:r1=0.2; 2—h=2, kar ;=0.05; 3—h=5,
kir 1=0.2; 4—h=5, k.r ;=0.35

Some results of the calculation of rea frequency
Wi = Re(w) and increment g =Im(w) are presented in
Figs. 1 and 2. Frequency scaleis wy = kgT; /(eBLyr 1) -
Inunstableregimeag =Lg/R~3 and b ~0.1.

As 1/R»1/a Lg =Ly@- b)b *(@+h)?t,
consequently, ap » Lg/a=(Ly/a)1- b)b t@+h)?,
and at ag~3, b~0.1 one can find density gradient
scale length for unstable regime Ly ~a. In limiting
cases Ly >>a u Ly <<a increment decreases.

The main conclusion based on the calculation results
is that considered drift instability in the FRC plasma is
sufficiently differ from well known “universa” or ITG
drift instabilities. The necessary conditions for considered
instability are magnetic drift resonance and non-adiabatic
responses of ions and electrons.
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HEYCTOUYHMBOCTD, BbI3LIBAEMASI TEMIIEPATYPHBIM I'PAJUEHTOM B KPAEBOM ILJTA3ME
OBPAIIIEHHON MATHUTHON KOH®OUTYPAIITUA

A.10. Yupkos, B.H. Xseciok

PaccmatpuBaetcs npeiidoBast HeycTOHYIMBOCTD IUIA3MBl B OOPAIIEHHON MarHUTHOM KoHHUrypamun. Knnerndeckas
MOJIETIb YYUTBHIBAET PE30HAHCHBIE 3((EKTHI, CBSI3aHHBIE ¢ ApPeH(OM YacTHIBI U3-32 I'PaJWCHTA MArHUTHOTO IONS U

KPUBU3HbBI CUIIOBBIX JIMHUHN.

HECTIUKICTD, BAKJIMKAHA TEMIEPATYPHUM I'PAAIEHTOM Y KPAHOBIH IJIA3MI
3BEPHEHOI MATHITHOI KOH®IT'YPALII

O.10. Yuprkos, B.1. Xeectok

Posrnsmaersest apeiidoBa HecTiMKICTh MIa3MK B 3BEpHEHINH MarHiTHIM koHQirypamii. Kinetnyna Monens BpaxoBye
pe30HaHCHI eeKTH, 3B's13aHi 3 IpeiH(OM JacTKH depe3 rpalieHT MarHiTHOTO TTOJIS 1 KPUBU3HM CHJIOBHX JIHIH.
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