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Effect of magnetic islands on the local plasma behavior in a tokamak
experiment
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Experiments provide simultaneous, local measurements of the pressure and ion velocity
perturbations from rotatingn/n=2/1 magnetic islands using Mach probes in a tokamak.
Measurements were made both inside and around the islands. Pressure perturbations followed the
magnetic island motion for both naturally rotating and actively controlled islands. The toroidal ion
velocity profile was sharply peaked near the center of the 2/1 magnetic island, and the magnitude of
this peak was~30% of the magnetic island velocity. Active rotation control experiments also
successfully changed the ion fluid velocity. The acceleration of the ion fluid w2396 of that
experienced by the magnetic islands. Understanding the effect of magnetic islands on the pressure
and ion velocity profiles is crucial for both fundamental plasma studies and the development of more
efficient tokamak using advanced tokamak concepts.2002 American Institute of Physics.
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I. INTRODUCTION between the magnetic islands and the ion fluid. The Compact
Assembly-C (COMPASS-G'* and JAERI (Japan Atomic
Energy Research Instityt€usion Torus—2MJFT-2M)*® to-
Kamaks measured the separate motion of the ion fluid and
. : magnetic islands during active rotation control experiments.
gﬁ;ffrmzngse?;? X;%iéﬁ?gﬁeg ttzlgirlgilfhcie:ger;c,jlﬁlgdsthe The COMPASS-C experiment used a system of external
' coils to produce a stationary 2/1 magnetic islah@he ap-

plasma confinement. This degradation can lead to both dis- f this stati isiand reduced the i locity at
ruptions and increased plasma transport far above the col[p€arance ot this stationary isiand reduced the ion velocity &

sionally driven transport levels. Magnetic islands are no he q~2 surface by—7 kHZ_' However, natural 2/1 islands
confined solely to tokamaks. Islands have also been mef;((-)tated at about 14 kHz, which would correspond to a change

sured in stellaratofsand reverse-field pinche®FPg.3 The N the island velocity of-14 kHz. Hender attempted to ex-
elimination of the islands may require an active control techPlain this difference by attributing it to either a large shear in
nique to suppress the instability during the plasma dischargdl® velocity profile creating erroneous ion velocity measure-
One suppression technique of considerable interest is ag2€Nts, o that the island .flattene.d the pressure profile which
tive rotation controf:~® Magnetic islands in fusion devices Would reduce diamagnetic velocity. _ _
generally rotate at the kilohertz range of frequencies. The The JFT-2M tokamak observed similar behavior during
island rotation interacts with the background plasma to pro@ctive rotation control experiment3 Frequency ramp reso-
duce rotating perturbations in the plasma pressure and velofant magnetic perturbations succeeded in changing both the
ity profiles. Active rotation control attempts to use this inter-magnetic island and ion velocities. However, the acceleration
action to produce damping forces in order to induce a€Xperienced by the island was three times larger than that
reduction in the island siZ&1°Understanding how the mag- experienced by the ion fluid. One explanation offered sug-
netic islands interact with the plasma, particularly with thegested that the “no-slip” condition between the island and
ion fluid velocity, is crucial to understanding and improving the plasma might not always hold, which is possible if pres-
rotation control techniques. sure gradients and/or neutral damping are present.
Experiments have measured the effect of magnetic is- The complex island perturbation behavior highlights the
lands on the ion fluid velocity. Experiments in the Doublet-need for detailed experimental measurements. In particular,
HID (DIN-D)*12 and Joint European TorugJET)™ toka-  the velocity difference between the ion fluid and the mag-
maks studied the effect of static magnetic perturbations ometic island raises the question of how the pressure perturba-
the ion velocity, observing a cessation of ion motion. Theseions behave in such circumstances. Since the magnetic is-
results suggested that the ion fluid moves together with théands produce changes in both the ion velocity and pressure
magnetic islands. However, work on Ohmically heated tokaprofiles, studies would need to include simultaneous mea-
maks measured a difference in the velocity and acceleratiosurements of both the pressure perturbation and ion velocity.
These results could then provide the experimental data nec-

apresent address: Eaton Corporation, Vacuum Interrupter Technology Dep€SSary to deS|gn _and evaluate models of the 'nteraCt_mn be-
Horseheads, NY 14845; electronic mail: erikdtaylor@eaton.com tween magnetic islands and the plasma. The experimental

One of the major limitations on the performance of fu-
sion devices is the presence of plasma instabilities. Magneti
islands are a particularly important limiting instability in the
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TABLE I. Plasma parameters for HBT—EP. Center Of s

Limit for probe Machine
Major radiusR 94 cm insertion
Minor radiusa 13 cm R=101.5cm

Plasma current, 14 kA r/a = 0.577
Toroidal fieldBy 034 T

Pulse length 8-10 ms

Peak electron temperatufig 150 eV

Plasma density, 6x 10 I/m?®

Limit for
simultaneous
probe insertion

R=103cm
r/a = 0.692
work on the HBT—ERHigh Beta Tokamak—Extended Pulse
tokamak fills this need by simultaneously measuring the
magnetic island motion, ion fluid velocity, and pressure per- Plasma edge
turbation inside and around 2/1 magnetic islands in an Ohmi- R =107 cm

cally heated tokamak. r/a =1.000

FIG. 1. Poloidal cross-section illustrating the limits of probe inserti®ms
the outboard major radius,is the minor radius, and is the minor radius of

the plasma edge. Probe was inserted from the outboard side.
Il. EXPERIMENTAL DESIGN

The HBT-EP(High Beta Tokamak—Extended Pulge-
kamak is an experiment studying the behavior and control ofhe flow along the magnetic field, which in a tokamak is
instabilities relevant to magnetic fusiéni.Table | lists some effectively the toroidal direction. The formula is
key parameters of this experiment. The experiment uses an
array of diagnostics and an active rotation control system to v 1
study the behavior of magnetic islands. In particular, Mach M= C_s: 5'09
probes made extensive measurements of the pressure and
velocity perturbations due to the magnetic islands. whereM is the Mach numbery is the ion velocity,l ,, and

The key features for the study of magnetic islands onl 4, are the ion saturation currents for the up and down
HBT—EP were the diagnostics and the external rotation constream probes, respectively, angis the ion sound speed.
trol system. Magnetic islands create distinct perturbations irsince the Mach probe is a Langmuir probe cut in half, it is
the magnetic field, with each type of islari@/1, 3/2, 3/1, reasonable to expect that adding both the side probe signals
etc) possessing its own signature. This signature allows fotogether will reproduce the single probe behavior. The mean
the external detection of the internal islalfdn addition, the  of the up and down stream electrode currents demonstrate
magnetic island structure resonantly interacts with externdittle dependence on the Mach number, and reproduce the ion
fields with the same structure. This allows the external consaturation current formuf&
trol of the island velocity by imposing a rotating resonant Experiments in the KAISTKorea Advanced Institute of
magnetic perturbatiofRMP) on the plasm&? Science and Technologyokamak reproduced the logarith-

Although Langmuir and Mach probes can provide amic relationship between the ion velocity and ratio of the ion
wealth of critical information on plasma$the application saturation current& Other theories exist for the interpreta-
of these diagnostics to tokamaks has largely focused on thi#gon of Mach probe signals, most notably the theory devel-
edge plasma in tokamak experimetfts?: The two main ex- oped by Stangeb’”. The paper by Peterson summarizes and
perimental difficulties are the perturbation of the overallcompares several of these mod@lsiowever, the difference
plasma behavior and melting of the probes. The probe sydetween the theories is significant only at large Mach num-
tem on HBT—EP overcame the perturbation issue by reduders. For the typical range of Mach numbers on HBT-EP,
ing the probe dimensions, and by using two probes at sepdhe models converge.
rate locations to measure the local perturbation from probe The effect of the probes on the global and local plasma
insertion. The melting problem was managed through thdehavior determined their insertion limits. The presence of
careful selection of material for the probe tip and electrodéwo separate probes allowed for the independent verification
materials* of the measurements, as well as the quantification of the

The Mach probe is a directional version of the Langmuirlocal plasma perturbation from the proffeFor r/a>0.692,
probe measuring the ratio of the ion velocity to the plasmahe location of the second probe produced no change in the
sound speed. The electrode of the Langmuir probe is cut inther probe signal. The limit on insertion due to probe arcing
half, separated by an insulator, and oriented orthogonal to theasr/a=0.577. The probe limits are plotted in Fig. 1. One
flow to produce an upstream and downstream electrode. Thizf the probes could be rotated about its long axis between
separation provides the directionality necessary to measuhots to verify the directionality of the measurements. For
the velocity. The velocity is calculated using a theory devel-magnetic island studies, key plasma parameters were held
oped by Hutchinson for the ion saturation current measuredonstant between the different shots. The plasma current,
by probes in a strong magnetic fiéftiThis theory models major radial position, edge, loop voltage,m=2 andm

v ) 1)

I down
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FIG. 3. Contour plots illustrating the effect of 2/1 magnetic island growth
FIG. 2. Graph(a) plots effect of magnetic island activity on the ion satura- on the ion saturation current. Contours of ion saturation current are plotted
tion current ar/a=0.7 (R=103 cm) and/a=0.9 (R=106 cm). Graplib) against the minor radiug/a=1 is the outer plasma edgend the phase
displays the magnetic island frequency and amplitude evolution for theangle relative to the magneti© point (0° is the O point, 180° is theX
m/n=2/1 island during this period. point). The island is growing in graph&)—(c) and reached the saturation
level in (d).

=3 fluctuations, line integrated density, and central soft x-ray

emissions were similar for the discharges. of the shot, the probes observe high frequency oscillations

with little coherent structure. As the magnetic island ampli-
tude increases at-5 ms the probe begins to detect coherent
Magnetic island rotation creates rotating perturbations irfluctuations at/a=0.7. These fluctuations follow the evolu-
the magnetic field, density, and temperattt&?’~33Under-  tion of the island amplitude from~5—6.25 ms. The probe
standing the behavior of these perturbations is critical to unat r/a~0.9 does not measure fluctuations until later in the
derstanding the interaction between the magnetic island anshot att~6 ms when the island amplitude is large. These
the plasma. The time evolution of the amplitude and fre-results show that the fluctuations in the ion saturation current
guency necessitates the use of a nonstationary signal analy$idlow the magnetic island amplitude behavior and are spa-
technique based on the Hilbert transform in order to capturdially localized inside the plasma. Voltage scans of the probes
the island dynamic¥ The Hilbert transform calculated the suggested that the ion saturation current perturbation is
amplitude, phase and frequency of the island signal from #argely an increase in the local densify.
single detector. Other techniques normally require systems of The radial profile of the pressure perturbation can be
multiple detectors. The amplitude and frequency informatiorconverted into a frame corotating with the magnetic island
helped determine the success of active rotation control techusing the phase values calculated with the Hilbert
niques in both changing the island motion and reducing itdransform®* This analysis generated contour plots of the time
magnitude. The phase information allowed the straightforevolution of the magnetic island as a two-dimensional func-
ward comparison of diagnostics at different physical location of the phase angle relative to the magnetic perturbation
tions and measuring different plasma properties. Knowledgeeak and the minor radius. This method allows comparison
of the phase also allowed the conversion of the stationaryo magnetic island theories, which often state results in either
diagnostic measurements to a frame of reference co-rotatirtipe island frame of reference or in one where the electric
with the magnetic island. This enabled the straightforwardield vanishes. In particular, theories and experiments tend to
comparison of experimental results to theoretical predictionsfocus on theD and X point behavior. The toroidal rotation of
The Hilbert transform method compares favorably both inthe island past the stationary probe produces a toroidal scan
speed and accuracy to spectrogram and quadrature methoafsthe magnetic island. Data in 0.5 ms intervals were sorted
of spectral calculations. by angle then averaged in intervals of 15°. Each angle cor-
lon saturation current measurements on HBT—EP demresponds to a toroidal location corotating with the magnetic
onstrated the effect of magnetic islands on the pressure prdasland.
file. The first step in this analysis was to connect probe fluc- Figures 3 and 4 contain contour plots of the ion satura-
tuations to magnetic island activity. The fluctuations in thetion current versus the minor radius and phase angle relative
ion saturation current are both localized near the island antb the magnetic islan® point fromt=3-7 ms. Early in the
follow its amplitude evolution. Figure 2 plots the ion satura- shot the small magnetic island makes a small perturbation
tion current measured at two different major radial positionscentered at/a=0.654. As the island grows in amplitude
in the same shot, one ata=0.7 and the second closer to the during t=4—-5 ms, the size and extent of the perturbation
edge atr/a=0.9. Figure 2 also shows the magnetic islandincreases. Once the island saturates duting—7 ms, the
frequency and amplitude evolution. During the early portionperturbation remains constant.

IIl. ISLAND PRESSURE PERTURBATIONS
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FIG. 4. Same as Fig. 3 for later times when the 2/1 magnetic island is

saturated. The saturated island width extended over the 1 cm regions froff G- 8- lon velocity as a function of minor radius. Cross-hatched region
r/a~0.615—0.692. indicates the location of the 2/1 magnetic island.

These contour plots illustrate several key behaviors o
the magnetic islands. The ion saturation current perturbatiof). ¢ <.t rated 4=5.5-6 ms, the perturbation at tepoint

is centered at the islan@-point at a minor radius of/a increased in magnitude from the magnetic island region out

,[ZO'ZSTI' ';he ptrﬁss_ulre ggrturb?tiﬁ? de_cays gOtht ra?iafllt);]anfb the plasma edge. A flat region existed at the center of the
oroidally from the islandu point. The size and extent ot the perturbation atr/a=0.654 from the local peak in the ion

perturbation both follow the behavior of the magnetic pertur'saturation current. Th¥ point profile remains unchanged by

bation, featuring a small perturbation that growsrad ms the island growth. This behavior suggests that the pressure

period and then saturates at a constant magnitude. The do”ﬂérturbation was largely confined to the region near Ghe
nant perturbation occurred ave 1 cmregion extending

oint.
from r/a~0.615—-0.692. This size agrees with estimates oP

the magnetic island size from magnetic measurements based
on the island width equation IV. ION VELOCITY MEASUREMENTS

12 Local measurements of the ion fluid both inside and
~1 cm, 2 around the 2/1 magnetic islands using the Mach probe sys-
tem made two key velocity observations on the HBT—EP
whereW is the magnetic island width, is the minor radius tokamak. First, the ion velocity profile had a large peak lo-
of the island g is the safety facto3, is the magnitude of the cated near the center of the 2/1 magnetic island. Figure 6
magnetic perturbation from the islanah is the mode num- plots the radial profile of the toroidal ion velocity. A large
ber,q’ is the local shear im, andB,, is the poloidal field peak in the velocity profile occurs at the location of the 2/1
strength®® The perturbation was not exclusively confined to magnetic island. Second, the ion velocity at this peak was
the estimated island width of 1 cm, but appeared to somsignificantly lower than the magnetic island velocity.
degree over the entire outer minor radius. HBT—-EP observed similar velocity behavior as seen on the
Further information about the perturbation can be ac-COMPASS-C* and JFT-2M tokamak¥. Figure 7 compares
quired by focusing on the behavior of tileand X points of  the velocity of the 2/1 magnetic island and the local ion fluid
the magnetic islandFig. 5. Early in time att=2.5-3 ms at the island, observing a factor of 3 difference between the
velocities.

here is little difference between th@ and X point radial
rofiles, as expected for small island sizes. When the island

rqB,

W=4\ e,

- X-point t=2.5-3 ms
= === O-pointt=2.5-3 ms
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FIG. 5. lon saturation current as a function of the minor radius plotted at the
O and X points of a small 2/1 magnetic island from FigiaB and for a FIG. 7. Comparison of the 2/1 magnetic island and ion fluid velocity at the
saturated island from Fig.(d). magnetic island as a function of time.
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from the electrons, the neutral drag on the ions forceBhe
X B flow to be in the electron diamagnetic drift direction,
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T g 1kHz AL the first assumption. In each case, the observed frequency of
% the magnetic island is similar to the toroidal rotation velocity
F \vj‘ ° of the electron fluidwigand~Nwe . In tokamaks, the variation
g-s -1 kHz 6 {1 Kz in the strength of the toroidal magnetic field with major ra-
.1o“‘"’ = -, -1040(d) - - dius dampens the plasma flow in the poloidal direcfibn.

' time (ms) ' time (ms) Two flux functions, the field-aligned flow and the toroidal

FIG. 8. Effect of aci _ he 211 < isiand flow can describe the mass flow. In neoclassical theory, the
. 8. Effect of active rotation on the magnetic island, pressure perz: .14 : : ;

turbation, and ion velocity(@) and(c) plot the external perturbation and the field-aligned ﬂ,OW is the p0|0|d?.| flow and él?sﬁgsno,ngly
effect on the magnetic island and pressure perturbatimrand (d) plot the dampedz leaving only the_ t0r0|da|. component. ThIS.

ion fluid velocity near the magnetic island. The straight linegbinand (d) sharply increases the predicted toroidal velocity magnitude

indicate the change in the velocity during the control period. according to the relatich3®
. . . . Br
Further experiments with active rotation control demon-  p,~ V=g VL 3

strated that the acceleration experienced by the ion fluid is
only 20% of that experienced by the magnetic island. Rota-

tion control provid N external means of altering the m wherev+ is the toroidal velocityy, is the velocity parallel to
on controf pro .es_‘é‘ external means of aftering the magg, magnetic fieldBt andBp are the toroidal and poloidal
netic island motiof® During frequency ramps, the fre-

. : tic fields. Based this d ing, the di ti
quency of the RMP(resonant magnetic perturbatjoiis '[gflr?lnfirliheleior?au g?se on fthis damping, the diamagnetic
linearly swept in time. The changing frequency of the RMP !

drives a changing island velocity, thereby accelerating or de- 1 Vp
celerating the island. Figuresa and &c) plot the frequen- 4T 5 B TnB. (4)
cies of the RMP used for rotation control, the magnetic is- 7R GinBp

land, and the fluctuations in the ion saturation current. Th‘?/vhereVpi is the ion pressure gradiem,is the major radius
pressure perturbation followed changes in the island freqi is the ion charge, and is the plasma density. There is a

quency, with the island and pressure perturbation frequenciegmilar expression for the electron diamagnetic frequency,
equal during the rotation control. Rotation control also suc-,,

. . - e-
cessfully changed the ion fluid velocifffigs. 8b) and &d)]. Although the ion and electron fluid flows are sensitive to
However, both the velocity and acceleration of the ions wergne pressure gradient, the observed island frequency is prob-
less than that of the magnetic island, with the ion fluid ac-5p)y independent of the diamagnetic flows. This is because
c_eleratlon being only 20% of the magnetic island accelerag,gq pressure gradient, and hence the diamagnetic frequency,
tion. go to zero within the magnetic island. Theoretical models
suggested that the profile changes from magnetic islands al-
V. EXPERIMENTAL MODELING ter the diamagnetic velocify=*2 A two-fluid simulation of
Two interesting features emerge from the ion fluid ve-the effect of magnetic islands on the pressure calculated that
locity measurements. First, the ion velocity is less than thathe gradient inside the magnetic island would decay to near
of the 2/1 magnetic island, as shown in Fig. 7. Second, th&ero, Vp~0, on the order ofrx/10, a tenth of the resistive
ion velocity is peaked within the magnetic island, as showrfime scale. For HBT—EP, this time is0.45 ms, or approxi-
in Fig. 6. Both these features are consistent with standarfnately 1/16 of the plasma shot length. Finn also performed a
neoclassical theo? when combined with two simplifying two-fluid plasma simulation demonstrating that magnetic is-
assumptions. The first assumption is that the magnetic islan@nds alter the pressure profile, which in turn changed the
moves with the electron fluid. Standard neoclassical theorg;amagnetic velocity and hence the ion velocity. These simu-
decomposes the electron and ion flows into field-aligned antptions differed, however, on the extent of the pressure flat-
toroidal components. Since the field-aligned flows do notening. In the Scott simulation the pressure flattened over the
create an observable frequency, the first assumption implie@tire magnetic island once the island was larger than the
the frequency of the magnetic island is proportionaht® critical width for sound flattening, which for HBT—EP is
times the toroidal electron flow. The island frequency, Wsouna™2.4 cm. Finn determined that the flattening was a
Wigand, IS €qual to the toroidal mode number, times the function of ratio of the ion sound speed to the Alfvepeed
sum of theEX B and electron diamagnetic frequencies. Thefor the propagation of magnetic fluctuations. For HBT—EP,
second assumption is that the ion flow is reduced signifithis ratio is
cantly by interactions with neutral particles. The ion flow is
forced to nearly vanish in the laboratory frame of reference. Cs ~0.03. (5)
Since the ion diamagnetic frequency is directed oppositely  Vaifvén

*
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This value corresponds to a reduction of the pressure gradi- ¢

ent over only a portion of the island. Fitzpatrick determined P g — " ~ o

a similar result using a diffusion-based model for the flatten- \/\’ — e
ing of the temperature and density profiles. Tokamaks the 0 ,f\, ___________ _\—>~
size of HBT—EP would not expect complete flattening of the F [~ S

density profile inside the magnetic island until the width is % -5

greater than the critical widttWgye,s~3 cm. Temperature %’

profile flattening was predicted for islands larger than $ . — Yi'?n v
Wiemp~ 0.8 cm. These differing expectations necessitate the> 8f—===—-"" \\__._-—~\\ —— e
measurement of both the pressure perturbations from the S
magnetic island, and the effect on the ion velocity profile. o [— e —————
Although a region withVp~0 is observed in Fig. 5 at th@ e T
point, the behavior differs from flattening models. TBe s (‘b')~ _______________ P -

point perturbation increases the ion saturation current in par- 06 07 o8 09 10
ticular over the magnetic island region, but also over the rest normalized minor radius (r/a)

of the outer radius of the plasma, extending to the plasma

edge. FIG. 9. The diamagnetic, electric field, and neutral damping contributions to

The second assumption is that charge exchange reactioH§ ion velocity as functions of the minor radiya) includes the pressure
. . . and velocity perturbations from the 2/1 island, gbylis with these pertur-

between the ion fluid and neutral gas atoms dampen the i0fLions removed.
flow. Experiments on the TEXTTexas Experimental Toka-
mak) experiment determined that the inclusion of neutral
damping and diamagnetic effects allowed the successful pre-
diction of the ion velocity profilé® The charge exchange malized minor radius. The large peak in the ion velocity is
removes the ion momentum from the system and introduceseadily attributed to the elimination of the diamagnetic term
a new stationary ion. The model reduces the ion velocity byinside the magnetic island. The neutral damping reduced the
a factorF,, overall magnitude of the velocity terms. Examining the ve-
locity profiles in the absence of the magnetic island further
highlights the importance of the islands in determining the
F ranges in value from €F <1, where one corresponds jon velocity profile. The pressure perturbation due to the
to no effect from the neutrals, and zero corresponds to thenagnetic island is confined largely to the magn@ipoint.
complete suppression of the floffrom high neutral densi- Thus, theX point corresponds to the unperturbed pressure
ties). profile and can be used to calculatg; without the island.

Combining these two assumptions allows for the model-The perturbation in the ion velocity is eliminated by replac-
ing of the ion velocity behavior observed in HBT—EP. Pres-ing the peak at/a=0.654 with the interpolated value from
sure flattening at the magnetic island allows the estimation ofhe surrounding data points. Figuréo®showsw;, Fwg,
the neutral damping terri, at the magnetic island. When and —F w,; with the island perturbations in the pressure
the pressure gradient is zero, the diamagnetic term is zerand velocity removed. The electric field and diamagnetic
w,i~0, which reduces the velocity equation to terms outside the island region are similar to the previous
@) case. The key effect of the magnetic island is to locally flat-

ten the velocity profile, eliminating the local diamagnetic

For a 2/1 magnetic island with=1, the electron velocity velocity. This creates a distinct, local increase in the ion fluid
equation reduces to velocity.

When the diamagnetic term goes to zero, the ion fluid

0;=F 0 No o= Fo Wg— @yi)- (6)

w;=Fwg.

@e Wisland™ ©E - ®  moves af e, the electric field velocity multiplied by the
The ratio of the two gives neutral damping term. This behavior agrees with two-fluid
o simulations that predict pressure flattening inside the
w—' =Fey. (9)  island®° This flattening leads to the dominance of the electric
e

field term in the velocity equation. The limited radial extent
Magnetic island velocity measurements determine the ele®f the velocity perturbation agrees with predictions of lim-
tron velocity andEXB flow at the island location. This ited pressure profile flattening for plasma parameters typical
value, combined with the ion velocity, gives the neutralof HBT—EP**2 This model suggests that magnetic islands
damping term at the magnetic island as produce distinct, localized perturbations in the ion velocity
that are consistent with changes in the diamagnetic velocity
Fo~31%. (10 ! . . )
term in the presence of poloidal flow damping, and assuming
The diamagnetic and neutral damping terms can be conthat the electric field is unperturbed by the presence of the
bined with measurements af; to solve Eq.(6) for the wz ~ magnetic island. Furthermore, the presence of charge ex-
term. The diamagnetic term is estimated based on the ioohanging damping of the ion flow could potentially explain
saturation current measurements of the probe system. Figutiee reduced velocity and acceleration of the ion fluid as com-
9(a) plots w; , Feywe, and—Fw, ; as functions of the nor- pared to that of the 2/1 magnetic islaffeig. 8).
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VI. DISCUSSION teraction between the island and pressure profile can in turn
alter the ion velocity. These factors highlight the need for
The measurement of the pressure perturbations frormodels that combine the effects of the islands on both the
magnetic islands on HBT—EP extends the range of previougressure and velocity profilds.
probe experiments. The ability to measure minor radial po-  Understanding the effect of magnetic islands on the pres-
sitions from 0.57%r/a=<1.0 substantially expands the range sure and ion velocity profiles is crucial for both fundamental
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