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Selective Excitation of Low Frequency Drift Waves by Density Modulation and Parametric
Excitation of Higher Frequency Mode
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Excitation of low frequency drift waves in a radial region of a weak density gradient is demonstrated
experimentally by strong temporal modulation of the plasma density. Though a parallel electron current
can destabilize drift waves throughout the region, we observe mode selection at the resonant location
matching the frequency of modulation. Parametric mode-mode interaction among two excited drift modes
to destabilize a higher frequency one is reported under the specific condition of the growth rate.
Theoretically estimated growth rates fit well with the experiment.
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Drift wave fluctuations in magnetized plasma arise
because of a spatially inhomogeneous density (n,) perpen-
dicular to a steady magnetic field (B). It is generally
believed that the low frequency drift wave is the primary
candidate behind anomalous particle transports across the
confining magnetic field line [1-3] in tokamaks and other
fusion devices. The dynamics of drift modes has been
extensively studied [4-6], and still remains one of the
major topics of interest due to some unresolved issues.
Its characteristics and stability analysis have been studied
in a series of experiments [7—14] in various laboratories in
different parameter regimes. In most of these experiments
the wave is either spontaneously excited due to collisions
of electrons with ions and neutrals or excited by driving an
electron current parallel to the magnetic field or by E X B
rotation [12,15]. The mode is excited in the region of the
strongest density gradient where a constant drift frequency
w, (=kyvy, vy =T,/eBL,), can be assumed. Here
ko(= m/r) is the poloidal wave number, m is the poloidal
mode number, v, is the diamagnetic velocity, L, is the
density scale length and 7, is the electron temperature.
However, in the central region of the plasma, the density
gradient is generally low and varies slowly with radius and so
is the drift frequency. Note here that the observation of such
low frequency peaks for drift wave turbulence spectra in
plasmas was reported before [16], but remains unattended.

In this Letter, we report in detail the selective excitation
of a low frequency drift mode in the MaPLE (Magnetized
Plasma Linear Experimental) device [17]. In the region
there exists a parallel flow of electrons causing the drift
modes to have a strong growth rate over a band of frequen-
cies. However, the frequency selection for excitation is
done in the experiment by driving a strong modulation of
electron density with a frequency that is resonant in this
region. To the best of our knowledge, this is an excitation
scenario that has not been reported so far. The parallel
velocity component of the excited m = 2 mode couples
nonlinearly with the externally created density fluctuation
to produce a parallel current fluctuation with twice the
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frequency. This selectively drives a second drift mode
resonant in a nearby location. In this experiment the
m =4 drift mode is stable and hence not excited.
Interestingly, this mode starts appearing as the modulation
parameters cross a threshold value to drive parametric
mode-mode coupling in the plasma. The excited mode
satisfies the frequency and wave number matching condi-
tions. A parametric mode-mode coupling of drift waves was
reported before [18] where the pump drift mode excites
two lower frequency modes which are normally stable.
In contrast, we demonstrate that the pump drift wave can
parametrically excite the higher frequency drift mode with a
substantial growth rate of the lower frequency mode.

In our experiment with the MaPLE [17] device, 0.30 m
in diameter and 2.40 m in length, plasma is produced by the
ECR discharge method [19,20] in a magnetic field of about
875 G by launching a 2.45 GHz microwave through a
rectangular wave guide from one end. Nitrogen is used as
the filling gas. Various Langmuir probes are inserted from
radial ports for determining the electron density n,,
temperature 7,, and floating potential as a function of
radius. The radial profiles of n,, T, and plasma potential
(obtained from the observed floating potential and adding
T, correction) with a filling pressure of p=3.8 X 1077 torr
are shown in Fig. 1. In the discharge, where T, is about
4-5eV, N* is the dominant ion species as N, is compara-
tively short lived. Ion temperature 7, is also measured
using a retarded field energy analyzer and found in the
range of 0.2-0.6 eV depending on the filling gas pressure.
A 0.5 m spectrometer with a photomultiplier tube measures
the line integrated optical emission along the diameter to
monitor the fluctuations in electron density.

The density fluctuations (7i/n, ~ 40%) are created by
modulating microwave power with a frequency of
300 Hz naturally available from the microwave generator.
Microwave power is monitored from a directional coupler
at its output end. Figures 2(a) and 2(b) show fluctuating
parts of the microwave power and n, (obtained from ion
saturation current) near the axis. The corresponding power
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FIG. 1 (color online). Radial profile of (a) the plasma density
(n,) and parallel electron velocity (u), (b) electron temperature
(T,), (c) plasma potential (Vp), and (d) ¢~>2 for 300 Hz, 600 Hz
and 900 Hz frequency at p = 3.8 X 107 torr.

spectra [Figs. 2(e) and 2(f)] show a large peak at 300 Hz,
but negligible contributions at other frequencies. To find
out the response of the density fluctuation on the plasma
we monitored the floating potential near the axis and light
intensity [Figs. 2(c) and 2(d)]. The power spectrum of the
potential fluctuation [Fig. 2(g)] shows hardly any power at
frequencies other than 300 Hz. However, the total light
intensity, which is related to the diameter averaged electron
density, shows [Fig. 2(h)] a significant amount of power at
600 Hz (~ 7% of that at 300 Hz). This clearly indicates the
presence of strong density fluctuations at this frequency at
radii away from the center.
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We obtained detailed radial variation of the floating
potential fluctuations (¢) with a 2-probe radial array to
cause minimum disturbances to the plasma. Figure 3 shows
the time series signals of ¢ along with their power spectra
at different radii varying from 2 cm to 8§ cm at p = 3.8 X
1077 torr. The spectra are obtained by fast Fourier trans-
form of the time series records of 10 000 points at a sample
interval of 4 microseconds. The spectra clearly show the
presence of 300 Hz and 600 Hz frequencies over a radial
region and have strength much above the turbulence
level. We feel these low frequency peaks might have
been what was previously observed for drift wave turbu-
lence in cylindrical plasmas [13,16] and probably origi-
nated from the region of weaker density gradient. In our
experiment, ¢ for these frequencies peak within the
R = 4-6 cm region [see Fig. 1(d)]; more specifically, for
300 Hz the maximum power is at about R = 5 cm whereas
it peaks slightly outwards at around R = 6 cm for 600 Hz.
In addition, we observe a distinct 900 Hz frequency
component in the signal having substantial strength and
peaking around R = 6 cm.

To verify that these fluctuations are waves propagating
in the azimuthal direction we deployed two sets of
Langmuir probes: probe set 1 consisting of three floating
probes (FPO, FP90, FP180) each inserted radially at three
azimuthal locations 90 degrees apart; and probe set 2,
having two floating probes (FP1, FP2) inserted radially
and separated in azimuthal direction (distance between
them 5 mm). The mode numbers are obtained from them
at the above frequencies. In doing so we first filtered the
raw signals in a narrow band around the corresponding
frequencies. Figures 4(a)—4(c) show the signals at 300 Hz,
600 Hz, and 900 Hz, respectively, from the probe set 1. The
figures clearly show the evidence of wave propagation in

the azimuthal direction, more specifically, in the electron
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FIG. 2 (color online). Temporal fluctuations of (a) microwave
power, Pyw, (b) plasma density, 7, (c) floating potential, <$,
and (d) total light intensity, /. (e)—(h): the corresponding fre-
quency spectra. i1 and ¢ are at R =1 cm. p =3.8X 1073 torr.

FIG. 3 (color online). The time series of floating potential
fluctuations and the corresponding power spectra at different
radial positions. p = 3.8 X 107> torr.
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FIG. 4 (color online). Potential fluctuations at (a) 300 Hz,
(b) 600 Hz, (c) 900 Hz with probe set 1 [FPO, FP90, FP180],
placed 90° apart azimuthally], and (d) 900 Hz with probe set
2 [FP1, FP2] placed 5 mm apart poloidally.

diamagnetic drift direction, having a mode number
m = 2 for the 300 and 600 Hz frequencies. The signals
from the two probes of the probe set 2 confirm this obser-
vation independently and give a phase velocity of 1.3 X
10* cm/s for 600 Hz. Interestingly, the 900 Hz signals
from the probe set 1 show almost no phase difference
suggesting it is either m = 0 or m = 4 mode. However, the
signals from the probe set 2 remove this ambiguity showing
a phase difference of about 20 degrees [Figure 4(d)] that
corresponds to m = 4 mode.

It is worth noting from Fig. 1 that the 300, 600, and
900 Hz fluctuation peaks occur in the region where plasma
density decreases slowly with almost no electric field. The
density falls sharply beyond R = 8 cm after decreasing
slowly in the 4-8 cm region. In the former region the
fluctuation spectra do not show any observable peak.
A local minimum appears in the R = 8-10 cm region
where the plasma potential has a sharp gradient. This
minimum presumably occurs due to the suppression of
low frequency modes by the E X B rotational shear. The
average electric field E in this region is ~7.25 volt/cm.
This may give rise to Kelvin-Helmholtz instability [21,22],
though the estimated frequency (1/47A)(E/B) is much
higher, ~65 kHz [A(~1 cm) is the scale length of the
shear layer].

The ECR produced plasma of the MaPLE device has
a parallel flow of electrons in the R = 2 to 6 cm region
[1(a)]. This is confirmed by measuring the velocity distri-
bution function with the retarded field energy analyzer
placing its collector facing parallel and antiparallel to the
magnetic field in succession. At p = 3.8 X 1073 torr the
flowing electrons have about 40 eV of energy.

As the parallel electron current can destabilize drift
modes, so it is quite likely that the azimuthally propagating

waves at 300 and 600 Hz frequencies are excited drift
frequencies selected resonantly as a consequence of strong
density fluctuation (7i/ny ~ 40%) at 300 Hz. This is pos-
sible only if the plasma condition is suitable for consid-
erable growth rate [23]. To look into this possibility we
examine the dispersion relation for drift waves obtained
from the standard drift wave model for density and vor-
ticity fluctuations having a radial electron density gradient
and a parallel electron current [24,25]:

d (i 1

— |-t =—[VJy +V,J 1

dt (no nn0> noe[ 1 1 ext] (1)
d 1 2 ﬁ _ Vi )
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where d/dt=d/dt+[(é,xVe)/B]-V, Jy = (T,/m,v,)
V(@i/ng — e@/T,), Jjexx = —eftug, uy is the parallel elec-
tron flow velocity, w,; is the ion cyclotron frequency, and
v,, v; are the collision frequencies of the electron and ion,
respectively. In the above J|| and J|,, are the driving terms
for destabilizing the wave whereas the ion collisions
stabilize it. For comparison with experimental results the
real frequency and growth rate in our weakly ionized low 8
plasma can be obtained in local approximation [10]:

= @

(1+5) (3)
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Here the terms k), k) are the parallel and perpendicular
wave vectors. The wave dispersive effect is denoted by
b = k3 p2, where the ion-acoustic gyroradius p, = c¢,/w;,
ion acoustic speed ¢, = /T, /m;, m,, m; are the electron
and ion masses, and v = kﬁTe /m,v,. In our experiment
the first term in Eq. (3) is negligible compared to the ion
collision term. So only external current in the form of
flowing electrons in the MaPLE device can destabilize
the drift modes.

In the reported experiments of drift wave excitations, the
modes are observed with a frequency corresponding to the
strong gradient region. However, the scenario is different
here. As we observe the excited modes in the region
R = 4-8 cm, where no strong density gradient developed.
So, the length scale is fairly large there. On the other
hand, Fig. 1 reveals axial electron flow in this region.
We estimate point-to-point drift frequencies corresponding
to m = 2 from Eq. (3) which are obtained by local approxi-
mation though it is well known that drift modes have a
radial extent in cylindrical geometry. The positions of
the observed modes corresponding to 300, 600, and 900 Hz
are indicated by arrows in the Fig. 1(a). The resonance
positions corresponding to the drift frequencies of 300 and
600 Hz match well with the observed peaks of these fluctua-
tions. So it seems the imposed density oscillation at 300 Hz
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resonantly selects the radial location for the drift wave
excitation if the growth rate is favorable. In Fig. 5 we plot
the growth rate I for different mode numbers at the relevant
frequencies obtained from Eq. (3) using the parameters of
our experimental condition: n, =7 X 10°cm ™3, T, = 4 eV,
T, =0.2-0.3 eV, uy =3.75 X 10 m/sec, kj=1.8m™ !,
v, =4.64X10°/sec, and v; = 2.3 X 10*/ sec.

A growth rate of 300 Hz, m = 2 mode is reasonably
high. So the strong externally imposed 300 Hz density
oscillations seem to excite this drift mode by resonance
frequency selection at the proper radial location. But it is
not clear why the m = 1 mode at this frequency is not
excited. It could be that the effect caused by rectangular
wave guide antenna radiation is causing preferential
selection of the m = 2 mode. This excited mode couples
nonlinearly with the strong density fluctuation created
externally to produce a second harmonic fluctuation.
Thus clearly, the parallel current has a 600 Hz, m = 2
component given by ~ sin(12007¢ — 26) and it seems
responsible for driving the 600 Hz drift mode whose reso-
nance point lies in the near vicinity and has a large growth
rate as seen in Fig. 5.

No electron flow is observed at the higher filling pres-
sure of p = 3.8 X 10™* torr which explains why no drift
mode at 600 Hz is seen at the higher pressure even if strong
density modulation at 300 Hz is present.

However, the observation of the 900 Hz peak with m = 4
mode at the nearby position is not readily explainable
because Fig. 5 suggests this mode has a negative growth
rate and hence should be damped. One possibility is that this
mode (w;, k) is excited because of nonlinear interaction,
more specifically, its parametric coupling [18,26,27] with
the 600 Hz mode that acts as the pump wave (wg, ko).
The lower frequency 300 Hz (w,, k,;) mode in the plasma
is the balancing third mode in the plasma. Both the fre-
quency as well as wave number matching conditions,
namely, w; = wg + w, and k; =k + k,, are satisfied,
supporting this proposition. To confirm it further the
strength of parametric coupling can be estimated from the
following standard expression [27]:
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FIG. 5 (color online). Linear growth rates and radial positions
for different azimuthal mode numbers m in the experimental
condition with p = 3.8 X 1073 torr.
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Here €(w4, k), €/(w,, k,) are the linear dielectric func-
tions for the excited and the low frequency plasma modes,
respectively, ¢ is the dimensionless amplitude of the
pump mode, and M is a dimensionless matrix element
representing the coupling between the pump mode and
excited mode. Expressing €’(w,, k;) by its resonance
approximation relation [18] as

@{wl —(Q, + iFl)}

L ~
(0, k) 2 T,

(&)

and similarly for €*(w,, k,), from Eq. (4) we get the para-
metric growth rate for the excited mode (w; = ) + i7y) as

y = [ +A20,0,)/(T, +T) (6)

where A2 = @3|M|*k3k3/k}, and k, = 277/ Ap. When we
examine Eq. (6) we observe that if both the modes (), (), are
stable in the plasma, i.e., their linear growth rates in absence
of parametric coupling I';, I'; < 0, then there is a threshold
for the parametric excitation of (£, k;) only if €, is
negative. This means )| = wy — |Q,|, that is the pump
wave decays into two lower frequency waves. This is what
is normally observed in parametric decay [27]. On the other
hand, if both ), and (), are positive satisfying ); = w +
), and the modes are stable, then y < 0 and no parametric
excitation is possible. However, if I';y < 0 whereas I, > 0,
that is the low frequency mode (), is a growing mode but the
high frequency mode () is a stable one, then the later is
parametrically excited by the pump wave when |I';| > [Ty,
i.e., the normal growth rate of the lower frequency mode in
more than the decay rate of the higher frequency mode. Here
a threshold value of the pump amplitude, ¢, arises as
klklelgDOM/kzD = 4/ |Fl | |F2|/Q] Qz. In our experiment,
Q,/27 =900 Hz and Q,/27 = 300 Hz and from Fig. 5
we observe that the growth rate of the 300 Hz, m = 2 mode is
more than the decay rate of the 900 Hz, m = 4 mode,
satisfying the criteria. So the 900 Hz mode that we observed
in our experiment is parametrically coupled and excited by
the 600 Hz, m = 2 mode. In the experiment the value of the
normalized coupling coefficient, as given by k k,|M|/k3, =
VITLT,1/9Q,Q5/ ¢4, comes out to be 1.04 which confirms
significant strong coupling for parametric excitation. To
determine the threshold value ¢, experimentally we
observed that we can vary the amplitude of the pumping
wave at 600 Hz by changing the filling pressure. The result
obtained is depicted in Fig. 6, which clearly reveals the
existence of a threshold value of the pump wave amplitude.

In conclusion, we demonstrated mode-selective excita-
tion of a low frequency drift wave in the weak density
gradient region by strong temporal modulation of the
plasma density at a frequency resonant with the mode in
this region. The parallel velocity induced due to the excited
mode couples with the imposed density modulation to
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