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Electromagnetic drift instabilities in the plasma of a field reversed configuration are considered with no assumption
of adiabatic response of ions and/or electrons in the range of perpendicular wave number values from &y < 1/pz up to kg
~ 1/pre (Prr and pr. are ion and electron thermal gyroradiuses). Stabilization by finite plasma length is studied.
Stabilising effect of low temperature gradients on electron mode is discussed.
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Drift waves and drift instabilities driven by gradients
of plasma density, ion and electron temperatures are the
most significant phenomena closely connected with
turbulent transport of high temperature plasma in the
magnetic confinement devises [1]. From the classical
theory of drift instabilities [2], it is known that parallel
component of the wave vector kj is much less then the
perpendicular wave number kg (kj << kg). The range of k;
in infinite plasma is determined only by the positive
growth rate solutions of the dispersion equation. In finite
length configuration instability satisfy the following
condition:

21k < L, (1)

where L is the length of plasma configuration along mag-
netic field force lines.

We analyze gradient-driven drift instabilities taking
into account of electromagnetic effects and condition (1)
for edge finite B plasma of a field reversed configuration
(FRC). Ion temperature gradient/electron temperature gra-
dient (ITG/ETG) instability takes into account non-adia-
batic responses for ions and electrons for any kn. The
analysis is carried out in the framework of the local elec-
tromagnetic kinetic approach. The local model of low fre-
quency (W << W, W is the ion cyclotron frequency) drift
instabilities is based on the linearized Vlasov equation,
quasineutrality condition, and Ampere’s law for parallel
and perpendicular perturbations of the magnetic field [3—
8]. Basic equations are

Lafoj'

Ej:_ .
f()j 0x x=0

(8)

Here v is the velocity of the particle (variable of
integration); ¢; and m; are the charge and the mass of the
particle of kind j (j = i, e), respectively; |, is the magnetic
permittivity of the vacuum; f;; is perturbation of the
velocity distribution function; fy is unperturbed velocity
distribution function; B, is unperturbed static magnetic
field inside the plasma; E is the electric field of the wave;
B is the magnetic field of the wave; k is the wave vector;
¢ is the scalar potential; A is vector potential; Coulomb
gauge U JA = 0 is used; x is the coordinate along density
and temperature gradients; Sui (V) is the Maxwellian
velocity distribution function at x = 0.

Using standard integrating procedure one can obtain
the following system of equations, containing three
independent variables (¢, An, 4))
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Here k; is the Boltzmann constant; 7; is the temperature;

0 q; 0 Jo(h ;) and Ji(A ;) are the Bessel functions;
EEJr v+ m—j(vx Bo) VEfU: N = kyvg /0 ¢ ; indexes O and || indicate respectively
perpendicular and parallel to static magnetic field
= - ﬁ(}m vx B) DD_ij . (2) components of vectors; Uy is the perpendicular velocity;
i 9| is the parallel velocity; W, is the cyclotron frequency;
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is non-adiabatic portion of the velocity distribution
B=0xA, (6) function perturbation; ® p; = KOVp; is the magnetic drift
Joj(v.x)= [ (V)AL= € jx) | (7) frequency; Vp; is the magnetic drift velocity of the
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the unperturbed density; Ap = koB), B) is the wave
magnetic field parallel to the static magnetic field.
Drift frequency can be presented in the form

is the diamagnetic drift frequency;

where Lp = By /0By, 0 g = Lg/ R, 1/R is the particle
orbit averaged curvature of the magnetic force line.

The scale of magnetic field gradient is connected with
plasma density gradient according the equation

1 (I+n ;)8 ;

E ) Z] 2Lnj ’

(14)

where B ;= 2l gnkpT;/ Bg is local beta parameter

calculated by local static magnetic field in the plasma;
total local B is

(15)
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where Bo = Tz n jkBT J ; Boy 1s external (vacuum)
Boyy 5
magnetic field; By = Bop+/1-B¢ -

For low 3 plasma (3 - 0) in homogeneous magnetic
field effects of magnetic drift and vector potential are
negligible, i.e. electrostatic approximation is available. It
includes quasineutrality equation and the solution of the
Vlasov equation with no perturbed magnetic field. The

electrostatic approximation is available if 0774 << 9
where 07 = /kgT;/m; . From Ampere’s law one can
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Bo= TEGEE << 2kapr) (16)
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For ions Eq. (16) is satisfied for high (3 at ETG range
of k- and for very low B at ITG range. For B, > 0.1 this
condition is satisfied for electrons and ions at Agp 7. > 1.

So, instability can be considered in framework elec-
trostatic limit with appropriate accuracy at the ETG range.
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qL.)s seems to be close to ETG mode, but ion effects for FRC
experiment conditions are significant at kgpr. < 1.
Maximum of growth rate is located at kgpr. ~ 1.

Calculated values and real frequencies for the ETG
range agree well with data measured by Carlson on TRX-
2 device [14].

Special calculations are shown that to decrease
growth rate of ETG instability (and ETG driven turbulent
transport) one can decrease N.. To sustain of low-n.
configuration the heating of electrons in the plasma edge
can be used.

The work was supported by RFBR grant 08-08-
00459-a and President grant MK-2082.2008.8.
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SJEKTPOHHAS TEMIEPATYPHO-TPAJIMEHTHAS JIPEH®OBASI HEYCTOMYUBOCTD B KPAEBOM
IIJIABME OBPAIIIEHHO MATHATHOM KOH®UT'YPAIIUA C KOHEYHBIM BETA
B.U. Xeectok, A.FO. Hupkos

DJeKTpOMarHuTHbIE Aper(OBbIE HEYCTOWYMBOCTH BIIEPBBIE PACCMATPUBAIOTCS JUIS TIa3Mbl OOpAIleHHON MarHuT-
HOW KoH(pHUTyparmy 6e3 UCTIONb30BAHMS MPHOIIKEHNS aAnabaTHYECKOTo OTKIIMKA HOHOB HM/WITM HJIEKTPOHOB B JHaIa-
30HE 3HAYEHHUH MMEPIeHIUKYISPHOTO BOJHOBOIO YHcna OT kg < 1/Pr 10 ko~ 1/Pre (Pri ¥ Pre — NOHHBIA U JIEKTPOHHBIN
TEIJIOBbIE TUpopanuychl). Mccnenyercs cTaduau3anusi KOHeYHOH JUIMHHOM 1m1a3Mbl. OOCykKIaeTcsi cTabuIIn3upyonmn
3¢ PEeKT HU3KHUX IPaJIMEHTOB TEMIEPATyphl Ha 3JICKTPOHHYIO MOJIY.

EJEKTPOHHA TEMIIEPATYPHO-TPAJIEHTHA IPEM®OBA HECTIMKICTDH Y KPAHOBIH IJIA3MI
3BEPHEHOI MATHITHOI KOH®ITYPAIIIi 3 KIHIIEBUM BETA
B.I. Xeecroxk, O.10. Yupros

EnexrpomarHiTHi apeiioBi HECTIHKOCTI BHepIle PO3MIIANAIOTHCS Ul IJIa3MU 3BEPHEHOT MarHiTHOI KoH(iryparii
0e3 BHUKOpPHCTaHHS HAaONMKEHHS afiabaTMYHOTO BIATYKy 10HIB i/a00 eNeKTpoHIB Yy Jiama3oHi 3HaYeHb
MEPICHANKYIISIPHOTO XBHJIBLOBOrO 4mcia Bim kg < 1/pr 10 ko ~ 1/pre (Pri 1 Pre — 1OHHUH 1 €JIEKTPOHHHUI TEILIOBI
ripopaxiycu). JlocmimKyeTscsi cTabimizamis KiHIIEBOIO IOBXKHHOK IDIa3Mu. OOTOBOPIOETHCS CTaOLT3yIOUHid eexT
HU3BKHX TPAJIi€HTIB TEMIIEPATypH Ha €IICKTPOHHY MOZY.
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