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ABSTRACT

Flute interchange stability of anisotropic central-cell plasmas in the
tandem mirror GAMMA 10 is studied numerically. The stability criteria on
the beta value is obtained as a function of axial localization length of the
pressure in both central and anchor cells. The temperature anisotropy of the

plasma is also discussed.



In tandem mirrors with a minimum-B anchor for magnetohydrodynamic
(MHD) stability such as GAMMA 10 and TMX-U, the beta value attainable in
the central cell strongly depends on the axial profile of plasma pressure in
each cell as well as the beta value in the anchor cell. Recenily, the
temperature anisotropy of the central-cell plasma has been observed with use
of ion cyclotron range of frequencies (ICRF) heating in the GAMMA 10
experiment.1-2) The anisotropy is due to the ICRF-heated hot ions trapped in
the central-cell mirror and causes axial variation of the central-cell pressure.
Together with central-cell ICRF heating, anchor-cell ion heating for the
MHD-anchor stabilization has been also observed, which is caused by the
mode conversion of the m=1 fast wave excited in the central cell to the m=-1
slow wave via a spatial modulation of the nonaxisymmetric quadrupole

field.3)
In this short note, we study numerically the flute interchange stability of

anisotropic central-cell hot plasmas in the tandem mirror GAMMA 10. We
neglect the effect of the plug/barrier cell, since the plug/barrier-cell beta vaiue
is much smalier than the central-cell beta value for the ICRF-heated plasma.
The magnetic field configuration of GAMMA 10 is calculated using Biot-
Savart's law and shown in Fig.1. In the figure, X, is the normal curvature
defined by x=(b-V)b=x,Vy+k,V0, where the magnetic field is
expressed as B=Bb=Vyx V@ in the magnetic flux coordinates (y,8,s),
¥ is the flux coordinate, @ is an anglelike coordinate and s is the distance

along a field line. The magnetic field B and normal curvature X, are

calculated for the field line passing through the position of r =5cm and

8@=rn/4 at the central-cell midplane (z=0), where the long-thin
approximation (B=B,,ds=dz) is well satisfied and B(—z)=B(z) and



k,(-z)=K,(z). We here neglect the finite beta effect on the magnetic field,
for simplicity.

If P, and P,, pressures perpendicular and parallel to the magnetic field,
are expressed as P, (y,z)=h(y)P, (z) and P,(y,z)=h(w)P, (z) with

dh [ dy <0, the stability condition against the flute interchange mode is then

given by4)
d A s
j_‘éxw(fg +P,)20, (1)

where [(=7.6m) is chosen to be the position of the inner barrier-cell throat,

as we neglect here the contribution of a plug/barrier-cell plasma. The
integration is independent of 6. We here assume, for £ = P L+ 1’3Ef (z:1n unit

of m),
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where P is a cold-plasma component which is assumed to be distributed
uniformly in |2/ <7.6m P, is the peak pressure of a central-cell-trapped hot
plasma and P, the peak pressure of an anchor-cell-trapped hot plasma. The

parameters L. and L, characterize the axial localization of the pressures.



When we define the midplane beta values in each cell as
Ba=8n(Py+P,)/ B}, Boc =87Py/ B} and Bey =87P; / BL, the stability

condition is then given by

ﬁA 2]’:CIBCC +fHﬁCH s (3)

where fe = fc(L,) and [y = fu(L,,Lc). We show fiy and fe versus L, in
Fig.2. The symbols shown in the figure denote the calculated data. The value
of fy is smaller than the value of f¢ by more than one order of magnitude.
This is because the axially localized hot plasma in the central cell is kept off
the bad curvature region and then is much less unstable than the axially
uniform cold plasma, since the bad curvature of the central-cell mirror is
localized only near the throat as shown in Fig.1. Therefore, f, is smaller for
the smaller L., and also f, and f, become smaller for the smaller L, for a

similar reason. We note that the MHD anchoring almost saturates at
L, =0.2m, and f, and f. conversely become larger for L, <0.2m,

We next consider the anisotropy of the mirror-trapped hot plasma in the

central cell.?) The anisotropy is calculated from the equilibrium relationship
between P, and P, satisfying P, +P =p- P, =P given by

dz - B E S

Using eq.(4), we can express P for 0<z</ (I, =2.8m) as,

P 4B

BZ Iﬂd ’
(Z) 33 d A (5)




and then the temperature anisotropy at the central-cell midplane is given by

T}_i
Tys

= —= d -—_ _1
B(z: (jo ‘ B dz ) ’ ©)

We show fy and T.;/T; versus L in Fig.3. The symbols in the figure
show the calculated data for fy. We see that fy becomes smaller for the
smaller L., which yields the larger temperature anisotropy of the central-cell
hot plasma.

In conclusion, we have obtained the criteria on the beta value for the
flute interchange stability of anisotropic central-cell plasmas in the tandem
mirror GAMMA 10 and have shown that the stability criteria are reduced for
the axially-localized anisotropic plasma as compared with the uniform plasma.
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FIGURE CAPTIONS
Fig.1. The magnetic field B(z) in units of tesla and the normal curvature
K, (z) of the tandem mirror GAMMA 10 for the field line of » = 5cm

and 6 = 77/ 4 at the central-cell midplane(z = 0), where B(—z)= B(z)
and K, (—2)=K,(z).
Fig.2. The values of fj; and f¢ as a function of L,(m), where the symbols

denote the calculated data.
Fig.3. The values of f ( symbols ) and the anisotropy T,; / T; ( thick line )

as a function of L (m).
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