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Observations of low frequency oscillations due to transverse
sheared flows
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This Letter details observations of low frequen@ye., o<(;, where (), is the ion cyclotron
frequency, coherent instabilities in the Auburn Linear Experiment for Instability Studies
(ALEXIS). In the ALEXIS device, which is a 1.8-m long magnetized plasma column, the observed
instabilities are excited by the presence of sheared flows in the plasma that are transverse to the axial
magnetic field. The instabilities have long azimuthal wavelengtiis2) and are localized in the
plasma to regions where the sheared flow is maximized and are anticorrelated to both density
gradients and field aligned currents. ZD03 American Institute of Physics.
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The role of transverse flow shear in magnetized plasmas Q-machine$:?2 linear plasma columrs:?* low tem-
is a topic of much relevance to the plasma physics commuperature toroidal deviceés,and large-volume experimefts
nity. Here, flows are driven by the presence of an electriare used to explore the roles of velocity shear in both trans-
field (E) that is transverse to a magnetic figl), thereby verse and parallel flows on particle and wave transport in
giving rise to sheared flows in the direction®XB. Within ~ magnetized plasmas. While these experiments cannot access
the fusion community, a great deal of excitement has beethe types of plasma parameters in either fusion or space plas-
generated from studies of velocity shear stabilization of lowmas, important scalings are preserved. These experiments
frequency modes in toroidal devices. Experiments in a numean provide valuable new insights into key plasma processes
ber of toroidal devices have demonstrated that control ofhat would be otherwise difficult to explore in devices with
these sheared flows is an important mechanism for achievingpmplex geometry such as tokamaks.
high performance conditions in fusion plasm&sWhile The goal of experiments at Auburn University is to de-
these studies show promise, the exact mechanisms that leadlop a more complete understanding of the role of both
to stabilization and the resulting accessibility of enhancedtabilizing and destabilizing effects &XB driven flows.
confinement regime§.e., so-called H modesare still being  Experiments described in this letter are performed using a
debated™ simple experimental geometry—a cylindrical plasma

Consequently, the primary objective of this experimentcolumn—to facilitate exploration of the basic physics with-
is to isolate and control the velocity shear in a simple linearut the difficulties associated with more complex experimen-
experiment and to characterize the response of the plasma t§l configurations.
sheared flows. In these experiments, velocity shear is found This Letter summarizes the initial results of an experi-
to have a destabilizing effect on the plasma. This clearlymental investigation of low frequency instabilities, at or be-
contrasts with many of the observations of enhanced conpw the ion cyclotron frequency, which arise due to the pres-
finement regimes in toroidal devices. Nonetheless, there ignce of sheareBXB flows in the plasma. Descriptions will
evidence in both tokamﬁland Stellaraterevices thaEXB be given of the experimenta| hardware and diagnostics used
driven flows can be destabilizing. This raises the question ofor this investigation. This will be followed by a discussion
whether shear flow is a cause or effect of H modes. of the experimental measurements. Finally, a discussion of

In space plasma&XB driven flows are often associated the physical mechanisms that may be responsible for the
with satellite and sounding rocket observations of ion out-gpserved instability will be presented.

flows from the ionosphefé as well as low frequency Experiments are performed in the ALEXIS device—
waves!®~** Several mechanisms have been considered fojhe Auburn Linear Experiment for Instability Studies.
these phenomena, including magnetic field alignedy| Ex|S is 180 cm long, 10 cm diameter stainless steel
currents®** and Kelvin—Helmholtz instabilitie$’ but N0 yacyum vessel. The chamber consists of a water-cooled sec-
single mechanism appears to be completely adequate in %on, followed by a six-way cross section, a 100 cm long
plaining the observed phenomena. However, theoreticalaction that has numerous QF @quick flange” style —40

work at the Naval Research LaboratofyRL) has shown ,m dgiameter diagnostic ports, and a final six-way cross
that shearedEXB driven flows are an important and often gaction.

critical component of the aforementioned phenom&n’ Experiments in ALEXIS are generally performed using
helium gas. Plasmas are generated using an array of three,

dElectronic mail: etr@physics.auburn.edu 0.25 mm diameter tungsten filaments that are heated with
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TABLE |. Operating conditions in ALEXIS.
perating s 0.08 — 2mA, 107V
Peak magnetic fieldB ) 1000 Gauss 0.06 |
Typical magnetic field By,,) 70—-100 Gauss 0.04
Plasma densityr(,) 8x10¥ m3 :
Electron temperatureT() 5-10 eV 0.02 |
lon temperatureT;) <0.05 eV - o I Y ‘obabbunbboibaniiinis
Operating pressurghelium) <0.8 mTorr 3 0.08 — 24mA, -11V
lon cyclotron frequencyf(;) ~25 to 40 kHz 8 0.06
Mean free path 9cm 2™
lon gyroradius/Chamber radiug;(/a) 0.1-0.2 2 0.04
=
g 0.02
“ o . Feaeindi Py
0.08 -91 mA, +21V
0.06
currents up to 7 A into thermionic emission. The plasma is 0.04
generated by allowing the filaments to emit electrons in a 0.02 |
current-limited mode ranging from 100 to 300 mA. The ) u_m ;

plasma then passes through a grounded electrode and drifts
into the main experimental volume. The plasma potential
remains within 5 V of the laboratory electrical ground. This
conﬁguration allows ALEXIS to operate under reproducibleFlG. 1. FFT spectra of the floating potential on a Langmuir probe indicating
plasma conditions. Plasma parameters are measured usﬂﬁgegrowth of the instability as a function of the current collected/bias volt-

inalé” and tril€® L . b Tvpical . on Ring 3. The measurements show that the growth of the instability is
sing and trp angmuir probes. Typical operating con- anticorrelated with the current. The vertical axis represents the amplitude of

ditions and plasma parameters for ALEXIS are listed inthe FFT in arbitrary unit¢a.u).
Table I.
The key element of this experiment is a series of
four concentric rings at the end of ALEXIS. These rings observed instabilitiek,~ 70 m ! andk,~8 m™?; this gives
are mounted on a Macor block and oriented perpendicularlghe ratiok,/k,~0.11.
to the axial magnetic field. Each ring can be independently At a current ofl ;=2 mA, the ratio of the parallel elec-
biased to establish a desired radial potential structure itron drift speed to the phase speed|ig/v,|=0.02. By
the plasma. In the experiments described in this Letter, Ringsontrast, a key requirement to establish the current driven
1, 2, and 4 are held at fixed bias voltages while the biasnstability is that|v,/v |~1. Thus, the experimental mea-
voltage on Ring 3 is varied. Rings 1 and 2 are set at thesurements suggest that for the parameters in ALEXIS, it is
same bias voltagd/,;=V,=—120V. Ring 4 is grounded at unlikely that this mode is a current driven mode.
V,=0V. In an additional attempt to characterize the instability, a
In these experiments, a low frequency instability is ob-Langmuir probe located 8 cm upstream from the rings is
served to grow in the plasma as the bias voltage on Ring 3 ig1oved radially through the plasma. The amplitude of the
varied. At a positive bias voltage, there is a significant maginstability, obtained from the FFT spectrum, is recorded as a
netic field aligned current of up to 100 mA due to electronfunction of position. This is done for several different cur-
collection. At negative bias voltages, field aligned currentsrents (i.e., bias voltageson Ring 3. The results of these
are|l;|<5 mA. A fast Fourier transforniFFT) spectrum of measurements are shown in Fig. 2. Here, the instability is
the floating potential on a Langmuir probe is shown in Fig. 1.shown to be localized to the region in the plasma that coin-
The FFT traces show the peak frequency of the instability t@ides with the radial position of Ring 3. It is also noted that
be nearf = w/27~30 kHz orw~0.8Q); for these conditions. the data in Fig. 2 shows that the amplitude of the instability
Furthermore, the FFT traces show that the amplitude oincreases with decreasing collection current on Ring 3; this is
the instability is anticorrelated with the current. This sug-consistent with the measurement shown in Fig. 1.
gests that these modes may not be related to current-driven Additionally, it is shown in Fig. 3 that this region of the
phenomena. To confirm this, a comparison is made betwegplasma where the instability reaches its maximum amplitude
the phase velocity of the instability and the paralled., field  also corresponds to the region where the electric field
aligned electron drift velocity. strength as a function of the radial position is strongly vary-
In order for the mode to be a current-driven instability, it ing. This gives rise to a region of the plasma with a sheared
is expected that the phase velocity of the wave=(w EXB flow. This provides good evidence that the observed
—kyvg)/k,, should be comparable to the parallel electroninstabilities may be related to the presence of sheared trans-
drift velocity, v,. Here, k, and k, are the azimuthal and verse flows in the plasma.
longitudinal wave numbers, respectively,is the measured Of particular concern in this study is the presence of
angular frequency of the instability and is theEXB drift ~ density gradients in the plasma. These gradients could pro-
speed. The electron drift speedug=j/nqe; wherej is the  vide a source of free energy to drive drift waves. A careful
current density collected on Ring 3, which has a collectinganalysis of experimental measurements is required to deter-
area of 7.X 10 %m?, n, is the electron density, arelis the  mine whether drift waves are likely to grow for the condi-
electron charge. Preliminary measurements show that for thtions in ALEXIS. Figure 4 shows that the density gradient is
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FIG. 4. Scaling of the density gradiendirf/dr) in the vicinity of Ring 3

FIG. 2. Localization of the observed instability to the region near Ring 3._ . . . .
The thick black lines labeled R1-R4 indicate the spatial extent of each o ith the magnitude of the electron erems voltagg collected on ng. .
. As the current collected by the ring is decreased, the density profile in

the ring electrodes. This measurement is consistent with Fig. 2 in ShOWin%LEXIS flattens
that the amplitude of the instability increases as the current collected by '
Ring 3 decreases.

—kye] is the Doppler shifted frequency of the wave. The

a mi_nimum und_er thg conditior_ls_ when the instability has its;q , o is the diamagnetic drift frequency and is computed
maximum amplitudgi.e., for minimum electron current on using

Ring 3. This provides an initial suggestion that the instabil-

ity may not be correlated to the density gradient. However, a o. =K ~ (k) kgTe E @ @
more detailed analysis is required to substantiate this mea- ~ *¢ yUar Y eB \n/\dr)’
surement.

This is accomplished by computing an estimate for theThe drift frequency is estimated (o be, .~800rad/s. By

growth rate of drift waves in the presence of a sheared transff{‘éé?sat’j /gﬁwDOFpIS;;gftterﬂswgcet firrfqggn(%,{ d\?vﬁ|h: tlhi
*el: "

Zﬁfﬁnﬂiﬁ\’\é;o("f))wmg methods in Refs. 20 and 29. This ISk.nowledge that all of the remaining terms are positive .defi—
A nite leads to the result that, for the parameters used in the
\/E wiR ALEXIS device for this investigation, the growth rate of drift
2 (|kz|—vte) (1R~ wye) waves is negative..Thi_s suggest; that the instability observed
=— 21+ by o) (1) in the ALEXIS device is not a drift wave.

SSTIR - Txe With the aforementioned experimental results, it is pos-
Here,bs=(kyCS/Qi)2, whereCg is the ion sound speed and sible to draw the following conclusions. First, the observed
), is the ion cyclotron frequency. The term;z=Rdw instability is not related to current driven phenomena. In fact,
the amplitude of the instability grows with decreasing cur-
rent. Second, the observed instability is not a drift wave. The
frequency of the instability is much higher than the drift
frequency. Third, the instability is localized to a region of the
plasma in which the electric field strength is strongly
varying—suggesting the presence of sheared flows.

To characterize the observed instability, consider the re-
sponse of the plasma to both a field aligned current and a
transverse flow. This response is parametrized by the term
R=kyvg/k,v, . Using the preliminary values for the ratio of
transverse and parallel wave numbers given earlier gives an
estimated value dR~ 70. For caseR>1, it has been shown
that ion cyclotron waves can be driven unstable by velocity
shear even in the absence of a field aligned cufrefit>*
These shear driven ion cyclotron modes prefer long azi-
FIG. 3. Measurement of the plasma potenilid squaresand computed ~ muthal Wavelength°’§ (i.e., low m number$, which is the
electric field(dashed ling The plasma potential is measured using an emis-spectral characteristic of the observed instability.

sive probe. The solid line is a fourth-order polynomial fit to the plasma At a radiusr =2 cm. the measured azimuthal wave num-
potential measurements. The electric field is computed from the negati !

Vf) - . .
derivative of the potential curve fit. This measurement is taken when Ring 3 er I(y_ m/_r (where,mis the azimuthal mode number and
is drawing a low electron current. is the radiug suggests a mode number between 1 and 2.

potential (V)
electric field (Viem)

position (cm)
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Thus, another possible mechanism for this instability couldDr. Robert Merlino of the University of lowa for valuable
be the Kelvin—HelmholtZKH) mode. However, KH modes discussions on plasma diagnostics and data interpretation.
prefer highm-numberd'~*3and have no growth fan=1. In This work is supported by U.S. Department of Energy
addition, they are strongly Landau damb%dnlesskzlky Grant No. DE-FG02-00ER54577. G.G. is supported by the
~0. Since the experimental observations gksk,~0.11  Naval Research Laboratory.
and have lowm numbers, it appears unlikely that the ob-
served modes are due to the KH instability.
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