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Abstract

A model for the observed improvement in confinement when a stationary MARFE develops is proposed. It is base
fact that field-aligned flows are naturally created in association to a MARFE, which, when coupled to the field line cu
give rise to plasma spin-up. The resulting radially-sheared poloidal rotation aboutthe layer affected by the MARFE at the ed
may suppress turbulence and reduce transport losses.
 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Multifaceted Asymmetric Radiation from the Edg
(MARFE) in tokamaks is a radiative phenomenon t
takes place mostly at the high field side (HFS) plas
edge and appears at relatively high densities. It is u
ally observed as the density limit is approached
before a disruption, but it has also been possible
produce long-living stationary MARFEs [1], whic
has provided the possibility to study their properti
The MARFE appears when an initial density increa
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due to gas feeding, produces an increment in pla
radiation at the HFS of the tokamak near the ed
which in turn cools down the plasma. As a result th
is a pressure drop in that region, and then a par
flow is driven along the field lines, which brings
more newly injected particles, from the low field si
(LFS) of the plasma flux surface, thus accumulat
more particles and radiating more. Hence, the MAR
works as a kind of plasma pump. This effect reinfor
another unstable process that occurs when the tem
ature lies in a part of the radiation curve L(T), whe
the radiation increases asthe temperature decreas
(negative slope). The whole process is known as
thermal condensation instability, and it arises if the
diation increase is larger than the heat influx com
.
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from perpendicular diffusion, which apparently is t
case in a MARFE [2]. The reason for the appeara
of MARFEs at the HFS is that the radial heat transp
has a minimum there, and thus a temperature drop
not be compensated by heat diffusing from the co
However, the average density over a flux surface is
changed: the density is just redistributed.

Recently, it has been observed in the HT-7 to
mak a regime of improved confinement when a s
tionary MARFE is created [3]. This is evidenced b
(1) a density profile peaking, (2) a reduction of t
Dα line emission and (3) an increase in line-avera
electron density. While the MARFE-related confin
ment improvement is associated with edge radiat
it seems that its characteristics are different from
RI (radiative improved) mode found in TEXTOR [4
In the latter, the reason for the transport reductio
apparently related to the suppression of the ITG m
due to a reduction of the ion temperature gradient
rameterηi = d logTi/d logn [5]. Although it has also
been claimed that in HT-7 an internal transport b
rier (ITB) is formed [6], the evidence is not convin
ing. Hence, it is most likely that the improved co
finement in HT-7 originate in the region where t
MARFE is localized, as a result of the formation
an edge transport barrier (ETB). Stationary MARF
have also been produced in TEXTOR [7] and To
Supra [8] experiments but not associated with confi
ment improvement. Thus, it should be remarked t
the experimental evidence in favor of an improvem
in confinement during stationary MARFEs is not co
clusive. It is also worth mentioning that a similar pa
ticle confinement improvement has been observe
detached plasmas [9,10], producing an increase in
central plasma density. The increased density has
attributed to a displacement of the particle source
wards the plasma core due to the decrease of the
temperature, but also to a reduction of the trans
due to the dissipative trapped electron mode. Th
fore, an analogous mechanism might be in effect in
case of a stationary MARFE, thus producing the
served density rise in HT-7. However, the concomit
increase in the energy confinement, also reported
HT-7, would require an altenative explanation. Th
eventhough the experimental data are still not co
plete, lacking reliable temperature measurements a
any information on plasma rotation, it is worthwhile
investigate from a theoretical point of view, the pos
e

bility that another process be responsible for the c
ation of a thermal barrier, that improves both parti
and thermal confinement.

In this Letter we present a mechanism that c
explain the improved confinement at the plasma e
due to a MARFE, based on the formation of
ETB. The physical picture proposed is the followin
As mentioned before, the MARFE gives rise to
field-aligned plasma flow in order to keep press
balance, from the LFS to the HFS. If gas-puffi
is maintained at a high rate the MARFE dens
increases indefinitely, but if it is low enough, cros
field particle transport can balance mass input
thus keep the density at a stationary value. Ra
particle diffusion out of the MARFE is large due
the increased density gradient that is created there
the particles recycle at the wall but since they
neutralized, re-enter the plasma in a wider poloi
range, adding up to gas-puffing. Now, since the hi
density MARFE is localized in the HFS, the dens
on a given flux surface is a function of the poloid
angle,θ , having its maximum atθ = π , i.e., at the
plasma inboard side. The poloidal anisotropy of
equilibrium makes it susceptible to the Stringer sp
up instability [11], that is driven by the magnetic fie
line curvature. The equilibrium parallel-flow is show
in Fig. 1(a), and it gets modified when a perturb
poloidal rotation sets in. In this case, as shown
Fig. 1(b), the flows convergence point is displaced
the direction of the rotation (counterclockwise in t
case of the figure), thus creating a density increas
this point. Due to the presence of magnetic curvat
which plays the role of an effective gravity, this hig

(a) (b)

Fig. 1. Poloidal cross section of toroidal plasma, with the symm
axis to the left, showing the effective gravity associated to the m
netic field line curvature and the plasma flows; (a) the equilibri
state in a stationary MARFE, with field-aligned flows convergi
at the MARFE position, (b) perturbed state by a poloidal veloc
displaces the converging point and modifies the initial density.
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density region tends to “sink” moving in the directio
of “gravity”, that is, towards the LFS. This makes t
plasma to move counterclockwise, which reinforc
the initial rotation, and the process continues, spinn
up the plasma. The result is a sheared poloidal rota
at the edge which can suppress turbulence and re
anomalous transport.

2. Plasma flows and spin-up

The plasma flow along the magnetic field line
that is established when the MARFE structures se
create a state that is subject to the spin-up mecha
as described in [12,13]. We first recall the physics
the spin-up for a poloidally asymmetric radial partic
flow [13], and then we develop the correspond
formal model. In the case of a MARFE, the asymme
is due to the poloidal dependence of both the den
and the diffusion coefficient near the edge. For
magnetic field the usual axisymmetric representa
is used:B = ∇ψ × ∇ζ + I (ψ)∇ζ , in terms of the
flux functionψ . In the analysis, we will at times mak
use of a toroidal geometry with circular cross sect
and a coordinate system(r, θ, ζ ), where the major
radius isR = R0(1 + ε cosθ), so that the magneti
field can be approximated byB = (B0/R)(ζ̂ + εθ̂),
andψ is identified withr. We will explicitly separate
the poloidally asymmetric part of any quantity (lik
a sourceS) by writing δS = S − 〈S〉, where the
angular brackets denote flux-surface average〈S〉 =∮

S(1 + ε cosθ) dθ/2π . To heuristically understan
the spin-up, following [13], let us consider the rad
particle flow Γ to have an asymmetric part,δΓ =
−δ(D∂n/∂r), that consequently drives a parallel flo
given by the continuity equation,

(1)∇‖δu‖ = − 1

nr

∂

∂r
rδΓ,

where∇‖ = b̂ · ∇, with b̂ = B/B, andu‖ is a function
of the poloidal angleθ . Then if a seed poloida
rotation,up , is applied, an advective force would a
upon the parallel flow, which should be offset
pressure; so the parallel momentum balance gi
assumingT = const,

(2)n
up

r

∂δu‖
∂θ

= − c2
s

qR

∂δn

∂θ
,

where c2
s = T/mi and q = rBφ/RBp . According

to this, the initial poloidally dependent density ge
modified by δn(θ). In addition, in the presence o
magnetic line curvature, there is an effective grav
geff = −c2

s κ (κ = b̂ · ∇b̂ ∼ −R̂/R), that produces
a “buoyancy” force which moves the higher dens
plasma region,n + δn(θ), towards largerR. This
force accelerates the initial plasma rotation, sinc
can only move on flux surfaces. This is seen fr
the poloidal equation of motion averaged over a fl
surface (the curvature contribution comes from
convective term),

(3)n
∂up

∂t
=

∮
δngeff,θ

dθ

2π
.

Now, in a MARFE the particles are sucked in
the inboard side (a plasma pump [1]), which initia
increases the density, but when the stationary sta
established the incoming particles have to be diffu
out. So the radial flow is peaked atθ = π , which
means a dependence of the typeδΓ ∝ −cosθ . Then,
combining Eqs. (1)–(3), one finds thatδu‖ ∝ sinθ

and δn ∝ −up sinθ . Thus, for up > 0 the density
fluctuations reach their maximum amplitude at
bottom of the poloidal cross section. Moreover, sin
geff,θ ∝ −sinθ , the evolution equation for the poloid
flow will have the form∂up/∂t = Γ up with Γ > 0
and thereforeup will tend to grow, spinning up the
plasma. We point out that this effect has to comp
with the viscous damping that comes from rotat
the plasma through regions of different magne
field magnitude, the so-called magnetic pumping [1
Thus, the spin-up can occur only if it can overco
magnetic pumping.

Having established the nature of the spin-up,
now consider more specifically the situation in t
presence of a MARFE. As mentioned in the Int
duction, the MARFE can be described as a th
mal condensation instability. In order to keep t
MARFE stationary, a feedback gas puffing system
needed, which stabilizes this instability. Thus, wh
the plasma still radiates profusely from the MARF
region, the density is kept at a steady value inst
of growing continuously. To study the dynamical b
havior we consider the fluid equations obtained fr
Braginskii’s equations, in the superdiamagnetic a
subsonic limit (Ud < up < Bpcs/B) and for time
scales faster than the ion transport time (t < τiD ∼
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(L/qρi)
2/νii ), as given in Ref. [14]. Here,up is the

plasma poloidal velocity,Ud is the diamagnetic spee
L is the characteristic scale length,ρi the ion gyrora-
dius andνii the ion collision frequency. The equation
valid for the edge plasma region, are,

(4)
∂n

∂t
+ ∇ · (nu⊥) + B · ∇n

u‖
B

= S,

mi

(
∂

∂t
(nu) + ∇ · (nuu)

)

(5)= −∇p − ∇ · � + 1

c
J × B,

(6)−∇φ + 1

c
u × B = Rei ,

3

2
n

(
∂

∂t
+ u · ∇

)
T = ∇‖κ‖∇‖T + ∇⊥κ⊥∇⊥T

(7)− nT ∇ · u − L(n,T ),

where the particle source isS (i.e., gas puffing)
and the radiation function isL(n,T ). The plasma
velocity u is the ion velocity and the ion and electro
temperatures are equalTi = Te = T . In the electron
momentum equation (6), the termRei represents a
general electron–ion momentum exchange (collision
and anomalous), which will be responsible for t
diffusive radial transport. In the total momentu
balance equation (5), the stress tensor� is responsible
for damping by magnetic pumping. The parallel a
perpendicular thermal conductivities,κ‖, κ⊥, in the
total energy equation (7), determine the appearanc
the MARFE. No heating sources are assumed s
ohmic heating is negligible near the edge.

First, to simplify the analysis, we will assum
that the equilibrium density function in the stationa
MARFE is determined by the energy equation
only. That is, the energy balance established in
MARFE, defined by the equation,

∇‖κ‖∇‖T + ∇⊥κ⊥∇⊥T

(8)− 3

2
nu‖∇‖T − nT ∇‖u‖ − L(n,T ) = 0

produces temperature and density distributions
are minimum and maximum, respectively, at the HFS
where the MARFE is located. Thus, instead of solv
Eq. (8), we propose an equlibrium density functi
with these feature, expressed as,

(9)n(r, θ) ≈ n0(r)
(
1− α(r)cosθ

)
,

with the functionα(r) determining the radial exten
of the MARFE, whose value should be related
the functionL(n,T ), while n0(r) corresponds to th
equilibrium density profile. Note that the functio
α(r) is such that|α(r)| < 1, it peaks atr = rM ,
the MARFE’s radial position, and vanishes within t
plasma core.

Now we can study the dynamical evolution of t
plasma described by Eqs. (4)–(6), for the poloida
varying density given in (9). A low-β plasma will be
considered, so that we can neglect the time variat
of the magnetic field. For the vectors representat
we use the contravariant components in the orthog
coordinates(ψ, θ, ζ ) defined by,uγ = u · ∇γ , where
γ = ψ,θ, ζ , as well as the covariant componen
uγ = |∇γ |2uγ (toroidal and poloidal components a
uT = |uζ∇ζ | and up = |uθ∇θ |, respectively). From
Eq. (6) we get,

u⊥ = c

B2 (B × ∇φ + Rei × B),

(10)B · ∇φ = B · Rei = 0,

for the last equality we assumed, for simplicity, th
Rei is perpendicular toB, which gives the realtionship
Rθ

ei = R
ζ
eiB

2
T /qB2

p . Eq. (10) implies that the electro
static potential is a flux functionφ = φ(ψ). Adding a
parallel component to the velocity,u‖ = u‖b̂, the total
velocity can be written as,

(11)u = u‖ + u⊥ = B

Bp

upb̂ + Rcφ′ζ̂ + Rei × b̂

B
,

whereup = (Bp/B)(u‖ − cIφ′/B). This is not a flux
function and therefore it varies along the poloid
direction; but its flux-surface average describes
bulk plasma flow. In order to study the evolution of t
averaged plasma velocity, we first take the flux-surf
average of the toroidal component of Eq. (5) to obta

(12)mi

∂

∂t
〈nuζ 〉 = − ∂

∂ψ

〈
nuζ uψ

〉
,

which gives the conservation of toroidal angular m
mentum. Here the contravariant radial velocityuψ =
u ·∇ψ = R2R

ζ
ei , is proportional to the toroidal friction

force. In deriving (12) use was made of axisymme
and of charge conservation,∇ · j = 0, which implies
the ambipolarity condition:〈j · ∇ψ〉 = 0. This is cer-
tainly valid for collisional transport, but for anomalo
transport due to electrostatic fluctuations it also ho
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since they approximately preserve quasineutrality
any case, the non-ambipolar contribution would be
order (vAθ/c)

2, as it was shown in Ref. [16] (wher
vAθ is the poloidal Alfvén speed), which is very sma
and therefore it will be neglected. Additionally, w
need the parallel momentum equation from Eq. (5)

mi

(
∂

∂t
(nB · u) + B · ∇ · (nuu)

)

(13)= −B · ∇p + B · ∇ · �.

For the solution of Eqs. (4), (12) and (13), we w
assume all relevant time scales are of higher o
than the sound wave transit time,qR/cs , so we will
solve the equations expanding in this parameter
lowest order, Eq. (13) givesB · ∇p = 0, so p =
p(ψ). Therefore the temperature must vary in inve
proportion to the density (9) on a flux surface,

(14)T (ψ, θ) = p(ψ)/n(ψ, θ).

Now, we can obtain an equation for the avera
density by flux-surface averaging Eq. (4),

(15)
∂

∂t
〈n〉 + 〈∇ · (nu⊥)

〉 = 〈S〉.
However, for a stationary MARFE, density evolv
according to the transport time scale which is v
long in relation to our relevant scales. Thus,

∂

∂t
δn = ∂

∂t

(
n − 〈n〉) ∼ ε2n

is of higher order. Inside the MARFE region the eq
librium is given by〈∇ · nu⊥〉 = 〈S〉. The poloidally
dependent part of the continuity equation is obtain
by substracting Eq. (15) from (4). We will assume
poloidally uniform gas puffing, so thatS = 〈S〉, and
thus,

(16)∇ · (nu) − 〈∇ · nu⊥〉 = 0

or equivalently,

B · ∇
(

n
up

Bp

)

(17)=
〈
∇ ·

(
n

B
Re × b̂

)〉
− ∇ ·

(
n

B
Re × b̂

)
.

The right-hand side contains the poloidally asymm
ric radial diffusion, given by the quantityRei . In fact,
for collisional transport,Rei × b̂/B = −D⊥(∇⊥n +
n∇⊥ logT
−1/2
e ), with D⊥ = ρ2

e νei . For anomalous
transport, an analogous expression could be writ
proportional to the effective diffusion coefficient an
the density gradient, and possibly including a conv
tive term. It is mainly the poloidal dependence of t
density,n(θ), what makes the RHS of Eq. (17) no
zero in our case, and this is the cause of the spin
There is an additional contribution due to the poloi
dependence of the diffusion coefficient which w
considered in [15], and both are of the same order,
enhancing the resulting spin-up. We are intereste
obtaining an equation for the average poloidal plas
velocity in order to elucidate its evolution; for this w
use the flux functionλ(ψ) = 〈up/Bp〉, which is pro-
portional to the average poloidal angular momentu
Therefore, in terms of this parameter, the comple
poloidal velocity is written as,

(18)
up

Bp

= λ(ψ) + δλ,

the latter containing the poloidal dependence. I
possible to writeλ(ψ) in terms of the average
toroidal and parallel components of the flow,
eliminating φ′ in Eq. (11) from the two respectiv
components, after being averaged over a flux surf
The result is,

λ = 1

Θ〈nB2〉
(

〈nB · u〉 − 〈nuζ 〉 〈n〉I
〈nR2〉

(19)− 〈
nB2δλ

〉 + 〈nδλ〉 〈n〉I2

〈nR2〉
)

,

where,

Θ = 1− I2〈n〉2

〈nB2〉〈nR2〉 ∼ B2
p

B2 .

The time derivative of this equation will give th
evolution of the poloidal velocity. We already ha
Eq. (12) for the average toroidal angular momentu
but still have to get the equation for the surfac
averaged parallel flow. By averaging Eq. (13) o
obtains,

∂

∂t
〈nB · u〉 = 〈

B · u(∂n/∂t − S)
〉 + 〈Rei · ∇ × nu〉

+
〈(

B · uu − u2

2
B
)

· ∇n

〉

(20)− 1

mi
〈B · ∇ ·�〉,
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where use has been made of Eq. (16), Faraday’s
and our assumption of quasi-static magnetic fie
The next to the last term is nonlinear (∼ u2) and
may be neglected for smallrotation speeds. The term
involving the friction, Rei , will be responsible for
the poloidal spin-up; it contains a term proportion
to λ. In order to express the averages of veloci
involved in Eqs. (12) and (20), in terms of o
variables of interestλ and〈nuζ 〉, we make use of the
following relations, derived by combining componen
of Eq. (11),

(21)uζ = −λI∆R + R2

〈nR2〉 〈nuζ 〉 + Iδλ,

B · u = λ

(
B2 − nI2

〈nR2〉
)

(22)+ nI

〈nR2〉 〈nuζ 〉 + B2δλ,

where∆R = (nR2/〈nR2〉) − 1 and we assumed th
radial componentRψ

ei = 0. The evolution equation fo
the poloidal average velocity is obtained from Eq. (1
using the forementioned assumption that the den
varies in a slower time scale, thus treating it here
a constant. Keeping dominant terms (neglecting te
of order∼ Bp/BT ) the result is,

∂λ

∂t
= 1

Θ〈nB2〉
[
I

〈
uψ

R2

∂

∂ψ
nIλ∆R

〉

− I 〈n〉
〈nR2〉

∂

∂ψ
Iλ

〈
nuψ∆R

〉

+ λ

〈(
B2 − nI2

〈nR2〉
)

uψ ∂n

∂ψ

〉

− λ

(〈
B2〉 − 〈n〉I2

〈nR2〉
)

∂

∂ψ

〈
nuψ

〉

− I

〈
uψ

R2

∂

∂ψ

(
nR2

〈nR2〉 〈nuζ 〉
)〉

− I 〈n〉
〈nR2〉

∂

∂ψ

( 〈nR2uψ 〉
〈nR2〉 〈nuζ 〉

)

− I 〈nuζ 〉
〈nR2〉

(〈
uψ ∂n

∂ψ

〉
− ∂

∂ψ

〈
nuψ

〉)

(23)+ F(δλ) − 〈B · ∇ ·�〉
mi

]
,

where F(δλ) is a function that contains all term
that depend onδλ which is not important to us
The reason is that we will not try to solve Eq. (2
but use it to determine the conditions for poloid
velocity growth. It turns out that this equation has
weaker dependence on〈nuζ 〉, so that the RHS is just
function ofλ to lowest order inε. Before we make this
reduction, in Eq. (23) we have to evaluate the visc
stress term, giving the magnetic pumping, which
only determined by the parallel viscosity [14], and
also proportional toλ. Using the result obtained i
Ref. [17] it is found,

(24)〈B · ∇ ·�〉 = µ0λ + κ,

where,

µ0 = (4.095pi/νii )
〈
(b̂ · ∇B)2〉,

κ = (4.095pi/νii )
〈
(b̂ · ∇B)2δλ

〉
.

Eq. (23) is valid for arbitrary flux surface geomet
but it is difficult to extract the dominant terms
this form. To proceed further we take the limit
circular flux surface mentioned above and use
density function (9). Then, the replacements∂/∂ψ →
(1/r)(∂/∂r) anduψ → rur are made and the averag
are taken, and the terms are ordered accordin
the small parameterε. It is found that all terms
proportional to〈nuζ 〉 cancel out to lowest order, an
taking into account that〈nuζ 〉/λn0I ∼ ε, only the
terms proportional toλ remain. The evolution of th
poloidal velocity to lowest order is finally cast as,

(25)
∂λ

∂t
= Γ λ + H,

with

Γ = −1

σ

((
1+ α

2
(1− α)

)
1

r

∂

∂r
rur1 + ur1

n0

∂n0

∂r

− 1

n0r

∂

∂r

(
rn0α[ur0 + ur2]

) + 4.095piε

2min0νiiq2R2

)
,

(26)H = F0(δλ) + κ/m1n0εσ,

where, σ = (2 − 9α/4 + 3α2/2 + q−2)ε, urn =
〈ur cos(nθ)〉 and F0(δλ) is the order-ε contribution
to F(δλ). The averageur1 measures the poloidall
asymmetric component of the radial velocity. T
parameterΓ includes both the spin-up drive and t
damping by magnetic pumping, but the latter is
order ε smaller than the spin-up and it will be ea
to overcome the damping; the instability conditi
is Γ > 0. It is clear that the sign ofΓ depends on
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the sign of the derivatives of the weighted avera
of the radial velocity, especiallyur1. First of all, we
point out that whenα = 0, the equation reduces
the usual spin-up found in [15]. In that case the sp
up condition on the asymmetrical velocity is simp
(d/dr)(rnur1) < 0. In our case, where the MARF
produces the asymmetrical density (9), the funct
α(r) modifies the stability criterium substantialy. F
definitness we assume the radial flow is due t
diffusive and a convective component, so thatnur =
−Ddn/dr − nu0(r), with u0(r) independent ofθ , but
the diffusion coefficient is allowed to be poloidal
varying asD = D0(1+ ∆cosθ) in addition ton. Two
limits may be considered:

(a) When D is poloidally dependent butα is
constant, the conditionΓ > 0 gives,

|Σ| ≡
∣∣∣∣(rn′′

0 + n′
0)

(
∆ − α + ∆

α

2
(1− α)

)

− n′2
0

n0
r∆

α

2
(1− α) − (rαn0u0)

′

D0

∣∣∣∣
(27)>

η0εr

2miD0q2R2
,

with η0 ≡ 4.095pi/νii and the prime denotes radi
derivative, while the constraint on the density pro
is Σ > 0. Whenα = 0 the conditions from [15] are
recovered, as mentioned above, which requires
density profile to be concave-up near the edge. Th
is, however, another possibility for spin-up when t
diffusion coefficient is symmetric (∆ = 0) and justn
is poloidally dependent; forα = const andu0 = 0, the
conditions for this are,

(28)|rn′′
0 + n′

0| >
η0εr

2miD0αq2R2
,

andrn′′
0 +n′

0 < 0. This constraint is the opposite to th
case withα = 0 and a poloidally dependentD, and
it means that the density profile should be conca
down at the edge, which is the usual profile sha
Condition (28) could be satisfied for a sufficien
asymmetric density profile (α ≈ 1).

(b) For the case of variableα(r) the conditions are
more complicated and depend on the precise ra
dependence. As an example, forα(r) = α0 exp[−(r −
r0)

2/2w2] and constantD, the conditions atr = r0
become,

rn′′
0 + n′

0 − rn0F(α0)/w
2 < 0,∣∣rn′′

0 + n′
0 − rn0F(α0)/w

2
∣∣ >

η0εr

2miD0α0q2R2 ,

with F(α) = 2 − (1 − √
(1− α)/(1+ α))/α > 0,

which can be satisfied by a wider range of dens
profiles than the case forα = const.

3. Conclusions

We have shown that when a stationary MAR
is produced in a tokamak, the flow pattern th
created is unstable to a poloidal rotation perturba
in the region where the MARFE is located, i.e., ne
the edge region. Our treatment of the spin-up
made for a poloidally dependent density, in contras
to previous treatments where the MARFE was
present. The spin-up is excited by the asymme
density associated with the MARFE, even if t
radial diffusion is symmetric, especially for a stro
MARFE (largeα). The ensuing rotation would hav
an intrinsic radial shear thus creating a zonal flo
Although we did not study the turbulence, we invo
the well-known relationship between zonal flows a
turbulence suppression [18], which will produce
ETB. This would explain the observed improv
confinement in HT-7. A direct comparison with th
experiment could be done in order to check if t
unequalityΓ > 0 is actually satisfied. However, w
expect it to hold in most practical cases since the d
for the spin-up is an orderε larger than the damping
which makes the proposed mechanism plausible.
quite likely to have plasma spin-up during stationa
MARFEs, and the results of HT-7 might already
an evidence of it, as measured by the change
confinement properties.

Although there are no other reports of improv
confinement during stationary MARFEs beside tha
HT-7, it is interesting to mention that a similar proce
may occur just before a density-limit disruption. The
are indications that the confinement time tends
increase previous to the disruption [19], possi
implying that a thermal barrier starts forming wh
density and the associated radiation increase. Polo
asymmetries in these parameters would lead to a s
up mechanism as the one described here.
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