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Plasma flow affects the stability of a magnetic island via modification of the ion inertial current. It
is shown here that certain profiles of plasma velocity with shear may provide a stabilizing influence
on the magnetic island. Such profiles of the plasma flow are characterized by inite plasma
circulation inside a magnetic island. €002 American Institute of Physics.
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In this Brief Communication we analyze how effects of We consider magnetic islands whose width is larger than
plasma shear flow may affect the stability of magnetic is-the ion Larmor radiup, w>p, but much smaller than the
lands in the Rutherford regimfeThe plasma flow modifies minor plasma radius, w<a, so that a slab approximation
the stability of the magnetic island via the inertigblariza- can be adopted in the vicinity of the rational surface. The
tion) current due to the ion drift in the electric field associ- rotating helically symmetric perturbation is described by an
ated with the relative plasma-island motidiThis current  auxiliary flux functiony
results in an additional tefn’ in the Rutherford evolution
equation. If stabilizing, this term may provide a threshold for _ X
the modes driven by external sources such as neoclassical = 2L
tearing modegNTM)® or the modes driven by the external R
resonant perturbation$. It has been realized recentiy}!  wheref{=(mé—wt), x=r —r is the distance from the cor-
that in absence of ion drift effects the ion polarization currentresponding rational surfacé, =qR/S is the shear length,
is destabilizing for a certain class of the velocity profiles nealS=rq'/q, qs is the safety factor at the rational surface. The
the magnetic island. In this note we analyze how do morenelical coordinated is 6= 6— {/qs, Whereqs=q(rs)=m/n
general plasma velocity profiles with a flow inside a mag-is the safety factor on the rational surface, ahd are the
netic island change the effect of the ion polarization currentpoloidal and toroidal angles, respectively.

We show that an internal circulation maintained by the ex-  The perturbation in the form Ed2) corresponds to a
ternal shear flow may stabilize magnetic islands. quasi steady-statej4=const) magnetic island with a half-

Thg magnetic island dynamics is apaly;ed within thewidth w= (4L /By Y2 rotating with a frequencyw. For
one-fluid magnetohydrodynamic approximation so that they, . nerturbations the lowest order equation for the parallel

current closure relation is electric fieldE,=0 gives¢=F(y) where the¢ is the po-

NG -
Bo+ i cosé, (2)

1 dg c? tential function
Joga by _
Amv4 at ¢ V4m)ivi¢+ ViJ=0. () B 3
$=b~ 2K, 3

Herev=BZ/4mnm; is the Alfven velocity, V, is the gradi-

ent along the total magnetic field,is the longitudinal cur- Using Eqs.(2) and (3), Eq. (1) can be integratédgiving
rent, v is the viscosity coefficient, and the total time deriva- ' T

tive is given by ¢ OF . .
6@ o o Ju—m w(VM’—(VL@)- (4)
—=—+—bXV¢-V.
dt dt Bg ¢ In the approximatiorV2 = %/ 9x?, we obtain
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c® 2By dF I°F

Ju:m Lo a0 (wz(cosg (cosé)), (5) re) :_[COC(+))\ +C{2N ). (14
where the average over the magnetic surface is The (x) sign refers to the right>0) and left k<0) side
of the magnetic island. The numerical coefficientsandx ,
()= M are defined by
$ dél

= K(1/k
The Rutherford equation is derived by integrating the Am- Alzf ( (cos2 &)—(cos¢)?)dk=0.51,
pere law 1 As(k)

= w c - = K(1/k) 5
f dxf déJi(x,é)cosé= —Ali. (6) )\ff ————0g(k)({cog &)—(cos¢)?)dk=0.14.
P 4 1 Ng(k)
Equations(6) and (5) should be closed by the relation be- One can see that the second term in @4) is definitely
tween the potential functiosh and magnetic fluxy. destabilizing, while the first term can be stabilizing for
The functiond=F(¢) can be found from Eq(1). Av- CoC{™)<0. SinceC, corresponds to the plasma circulation
eraging Eq(1) over the magnetic surface we obtain inside the magnetic islands, one can conclude that the inter-
4 nal circulation may lead to the stabilization effect.
(VIF(¥))=0, (7 The plasma flow corresponding to the potential E3j.

has to be matched to the plasma flow in the external region.

or
, , Asymptotic behavior of the poloidal velocity away from the
07_ § 3d§a F(y) o ® magnetic island is obtained from E@®) in the limit of large
ap° ap° X
Outside the magnetic separatrix we have two separate re- JF (+) 1
gions: (+) for x>0 and (~) for x<0. The solubility con- @:CO”Lcl 9=~ |70\ jz], kK>1, (15
dition can be integrated separately for both sides giving
where
JF (+)
z,/J_CO+C a(k), ©) « k dk
0w= j N _(k) =0.87.
where 173
k k dk It is obvious from Eq.(15) that bothC, andC{*) con-
g(k) f m (100 tribute to the asymptotic part of plasma flow that is increas-
Lhs ing linearly withx at largex>w
Here, the function\ 3(k) is determined by the relation VAL
2 1 CotClgu=—— 5| (16)
35 Y2 dé=Ak §(2k2— 1)E(1/k)— §(k?— 1)K (1/k)
= +_ WLS +
=AN3(k), (11 C; chV°| , a7
whereA is an unimportant constart, andK are the elliptic
i i i i Ly dV,
mtegrals., and; is the magnetlc surface label introduced by CotClgu=— 0 , (19)
the relation X?—1=— /). c dx
ConstantsC, and C{™) are determined from external
boundary conditions. The consta@ characterizes plasma Co= 7L |- (19)
flow inside the magnetic island. Such internal circulation oc- ! 2cw %

curs as a result of the shearing action of the external flow.
Substituting expression®) into (5) and using the latter
in Eq. (6) we obtain equation describing the steady stat

These matching conditions are the most general for the
éhree parametri¢C, C1 andC; ) family of solutions to Eq.
(7). Parameter€,, C; andC; are determined in terms of

island asymptotic values of plasma flow, and its derivatives on
. AT both sides of a magnetic island.

Act Z V_VZO' (12 For a given w, a generic velocity profileV=V,
o +xdVy/dx requiresCy to be finite. In particular, localized
Herel is given by profile of plasma flow(that is, velocity profile that does not
have a linearly growing component;V(x) also requires a

r=> 1), (13)  finite C,,
where Co+C{7g..=0. (20)

Downloaded 01 Mar 2002 to 128.233.17.213. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/pop/popcr.jsp



Phys. Plasmas, Vol. 9, No. 1, January 2002 Role of the shear flow profile on the stability . . . 373

1.0

0.5

0.0

-1.0

xiw -4 -2 0 2 4
xiw

FIG. 1. Qualitative behavior of plasma flow velocity arbitrary units for

a localized profileCo+C{*)g..=0. FIG. 3. Qualitative behavior of plasma flow velociiy arbitrary unit$ for
) . . . . anonlocalized velocity profile, no internal circulaticy= 0.
There is only one possible type of the velocity profile that is

localized on both sidegschematically shown in Fig. 1 as a - g4 that values of plasma flow and its derivatives are not

functi_on .Of x for 52_0)' Fo.r_ S_UCh velocity profile the ion completely independent on both sides of a magnetic island.

polarization current is Stab"'z'”g- Therefore, condition§22) on both sides are not independent
In a general case one obtains from E(k5), (17) (for either; they are related via Eq4.6) and (17).

each sidg In absence of the internal circulati@y= 0 the polariza-

8 4L2 - tion current is destabilizing. In this case
E)\1VOV6W . (21

I'=— -2z (Aa=N1G.)Vo—
Sinceh,—\10.,<0 one can see that the polarization current
is stabilizing when the second term in Eg1) is small com-
pared to the first one/ w<V,. The first term in Eq(21)  The velocity profile for this case is schematically shown in
corresponds to the localized part of the velocity profile,Fig. 3. The result of Ref. 9 can be obtained from E2) by
while the second term-Vy, is due to the non-localized part using Egs.(16) and(18) with C,=0.

of the plasma velocity. For an arbitrary velocity profile, such  In Egs. (16)—(19) we have neglected the effects of the
as in Fig. 2, the net effect will depend on relative contribu-island rotation,w=0. A finite value of the island rotation
tions of the stabilizing and destabilizing factors. The net ef-frequencyw changes definitions o€y, C(f) coefficients,
fect of the polarization current can be stabilizing whenbut a qualitative picture of the shear flow effects remains the

8
F(ﬂ:;cgﬂzxg. (23

VoVy>0, or whenV,V(<0 andV| is not too large: same.
The plasma velocity profile with internal circulation in-
(Ap—\10.,) V32— ZMVOV(;MO, (22)  side the magnetic separatrix are similar to the “cat's-eyes”
2 configurations that often occur in shear fluid flows. We are

In all cases, the stabilizing effect occurs due to finite plasmaot aware of any direct measurements of plasma velocity
Ve|0city inside the magnetic separatrix_ Note that we hav@roflles with internal circulations as Suggested in this work.

four equations(16)—(19) for three variablesC,, C; and  However, asymmetrical deformation of the magnetic island
have been observed recentfy* Such deformations were

4 ' " ' ' ' ' ' " T explained as a result of a combined effects of plasma viscos-
ity and shear flow across the magnetic island redfdiOne
can readily see that such an explanation is equivalent to the
occurrence of plasma flow inside the magnetic islands. The
excitation of strongly sheared plasma flow and, as a result,
the excitation of the internal circulation can also be expected
in the experiments on active control of magnetic islands in a
tokamak where the frequency of the external control field
was strongly modulated. Such a frequency modulation ap-
pears to be crucial for a successful suppression of the other-
wise unstable magnetic islands. As we suggest in our work,
the mechanism of suppression may be related to the excita-
-4 2 0 2 4 tion of plasma flow inside the magnetic island.

xiw We would like also to note the relation between different
FIG. 2. Qualitative behavior of plasma flow velocity arbitrary unitg for types of the_ velocity Pr(_)flles and the net deposﬂmn of .the
a general case: weakly localized fox 0, Co+Cyg. =0, not localized for ~Momentum in the resistive layer. The latter is characterized
x>0, Cg+Ci g..#0. by the parameteA
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o w _ c .~ stabilizing influence on the magnetic island. Such a circula-
fﬁwdxﬁ dédy(x,Esiné= 7 Agy. (24)  tion occurs when the external sheared flow is imposed on
7 plasma.

From the momentum balance equation, or equivalently, from

the current closure equatiéh),***it can be readily seen that
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