%

S CEIVEp
MAY 2 g 1955

st

*¥#4¥NOT AVAILABLE ON THE WW W

PPPL-3179, Preprint: May 1996, UC-420, 426
Search for Alpha-Driven BAE Modes in TFTR
W.W. Heidbrink, et al.

A search for alpha-driven beta-induced Alfvén eigenmodes (BAE
modes) was conducted in low current (1.0-1.6 MA) TFTR supershots
St.able high-beta deuterium-tritium (DT) discharges were obtaineci
with Bp = 2.4 and central alpha beta of 0.1%. Instabilities beween 75-
200 kHz were observed by magnetic probes in many DT discharges
but the: activity was also present in deuterium-deuterium (DD))
comparison discharges, indicating that these modes are not
des.tablllzed (principally) by the alpha-particle population. Losses of
fusion products are also similar in the two sets of discharges.
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ABSTRACT. A search for alpha-driven beta-induced Alfvén eigenmodes
(BAE modes) was conducted in low current (1.0-1.6 MA) TFTR super-
shots. Stable high-beta deuterium-tritium (DT) discharges were obtained
with 3, = 2.4 and central alpha beta of 0.1%. Instabilities between 75-
200 kHz were observed by magnetic probes in many DT discharges. but
the activity was also present in deuterium-deuterium (DD) comparison dis-
charges. indicating that these modes are not destabilized (principally) by
the alpha-particle population. Losses of fusion products are also similar in
the two sets of discharges.
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bers of deuterium and tritium neutral sources were injected into nineteen
“DT" discharges; an additional 140 “DD” discharges with deuterium injec-
tion alone comprise the remainder of the dataset. The operational strategy

had four steps.

1. Steadily increase the number of beam sources Ns in DD plasmas until
a disruption occurs; time the sources so the disruption occurs approx-
imately 1.0 s after the start of beam injection. (Pushing the plasma
to the disruptive limit maximizes 3,, while delaying the disruption for
an alpha-particle slowing-down time yields a maximal value of g, in
subsequent DT shots.)

2. After reconditioning the walls, produce approximately ten DD dis-
charges with Vg — 1 sources to reestablish reproducibility.

3. Convert half of the neutral beams to tritium and prdduce a DT dis-
charge with Ng sources.

4. Produce a DD comparison discharge with Ng or Ns + 1 sources.

The beam power varied from 3-22 MW, the beam voltage was typically
100 keV. and a similar neutral beam power was injected both parallel and
anti-parallel to the plasma current (“balanced” injection). Plasmas with
toroidal fields Br of 3.3, 4.7, and 5.1 T and currents I, between 0.7 and
1.6 MA were produced.

Relative to other TFTR DT discharges. the distinctive feature of these
experiments is the use of a low, steady plasma current. Figure 1 compares
the best 1.0 MA discharge with a 2.5 MA discharge that had a large value
of 3. [L1]. Since the maximum pressure in TFTR supershots is governed
by a central beta limit that scales with the normalized current I,/aBy. the
maximum beam power in our low-current discharges is about half as large
as in high-current supershots (Fig. 1). The stored energy W is also ~ 50%
smaller. so the fusion reaction rate is only about 1/3 of the high-current
value. Since disruptions were delaved until the alpha pressure had peaked.
the resulting central alpha beta is also about 1/3 of the high-current value
(Fig. 1). On the other hand. the low-current discharge has a relatively
large beta limit for TFTR (product of normalized beta and density peaking
factor .Jyn.(0)/{(n.) = 6.8). so the poloidal beta is ~ 3 times larger than in
high-current supershots (Fig. 1).

As is typical for supershots. the spatial profiles peak strongly at the
magnetic axis (Fig. 2). The density is relatively low and the beam fuelling
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value of the magnetics signal does not necessarily coincide with the
maximum value of the alpha density. -

e Scintillators at three different poloidal locations (45°, 60°, and 90°)
measure fusion-product losses. The temporal evolution of the signals
is very similar in DT and DD discharges. The signals appear consis-
tent with the expected evolution associated with prompt losses [26].
Little or no correlation with the magnetic fluctuations is observed.
If anomalous losses occur, they are much smaller ($10%) than the

prompt losses.

o For arepresentative subset of the DT and DD discharges, coherent core
fluctuations are not observed between 50 and 150 kHz by the reflec-
tometer diagnostic [27]. Signals from the electron cyclotron emission
grating polychromator [14] are similar in DT and DD discharges.

e For discharge #85863. the beam-emission spectroscopy diagnostic [28]
does not observe any coherent fluctuations above 60 kHz.

This qualitative assessment is supported by a quantitative analysis of
the magnetics and scintillator data. Measurements at 2-3 different times
for every discharge in the dataset were entered into a database. If BAE
modes were destablized by alpha particles, the mode amplitude at large 3,
should be larger in DT shots than in DD shots, but this is not observed for
fluctuations between 100-150 kHz (Fig. 6). Similar results are obtained in
the 75-95 kHz frequency band. The mode amplitude also does not correlate
with the 14 MeV neutron emission (the alpha creation rate) Spr or with
other plasma parameters ([, R, By, W. 1g, Pg).

Similar results are obtained for the scintillator data. For all three detec-
tors. the normalized signal (loss/neutron) depends weakly on the magnetics
amplitude and on j3,, Spr. I, 7. n.(0)/(n.), Br. W, 7g, and Pg.

In retrospect, the null result of this experiment is not surprising.

o In DIII-D, the stability threshold for the beam-driven BAE mode is
comparable to the stability threshold for the beam-driven TAE mode
[2]. So far, TAE modes driven by alpha particles alone have not been
observed in TFTR [29-31] (even in plasmas with ~ 3 times larger
alpha pressure than in our discharges). In one experiment [32]. the
minority ions created by ion cyclotron heating supplemented the in-
stability drive produced by the alpha particles. In this experiment.




References

(1] HEIDBRINK, W. W., STRAIT, E. J., DOYLE, E., SAGER, G., and
SNIDER, R. T., Nucl. Fusion 31 (1991) 1635.

(2] HEIDBRINK, W. W., STRAIT, E. J., CHU, M. S., and TURNBULL,
M. S., Phys. Rev. Lett. 71 (1993) 855.

[3] CHU, M. S., GREENF, J. M., LAO, L. L., TURNBULL, A. D.. and
CHANCE, M. S., Phys. Fluids B 4 (1992) 3713.

[4] HEIDBRINK, W. W., CAROLIPIO, E. M., JAMES, R. A., and
STRAIT, E. J., Nucl. Fusion 35 (1995) 1481.

[5] NAZIKIAN, R., CHANG, Z., FREDRICKSON, E. D., et al., Phys.
Plasma 3 (1996) 593.

[6) TSAL S.-T. and CHEN, L., Phys. Fluids B 5 (1993) 3284.

[7] BRIGUGLIO, S., KAR, C., ROMANELLI, F., VLAD, G., and
ZONCA, F., Plasma Phys. Controlled Fusion 37 (1995) A279.

[8] CHENG. C. Z., GORELENKOV, N. N., and HSU, C. T., Nucl. Fusion
35 (1995) 1639.

[9] SANTORO, R. A. and CHEN, L.. Phys. Plasma 3 (1996) in press.
[10) STRACHAN, J. D.. Nucl. Fusion 34 (1994) 1017.

[11] BUDNY, R. V.. BELL. M. G.. JANOS, A. C., et al., Nucl. Fusion 35
(1995) 1497. -

[(12] BUDNY, R. V., Nucl. Fusion 34 (1994) 1247.
(13] PARK, H. K., Rev. Sci. Instrum. 61 (1990) 2879.

[14] JANOS, A., MCCARTHY. M.. FREDRICKSON. E., MCGUIRE. K..
and TAYLOR, G.. Rev. Sci. Instrum. 66 (1995) 668.

(15] STAUFFER. F. J., BOYD. D. A.. CUTLER, R. C.. et al., Rev. Sci.
Instrum. 56 (1985) 925.

[16] SYNAKOWSKI, E. J.. BELL. R. E.. and BUSH, C. E., Rev. Sci.
Instrum. 66 (1995) 649.




[33] CHANG, Z., BUDNY, R. V., CHEN, L., et al., Phys. Rev. Lett. 76
(1996) 1071.




numbers inferred [20] from the relative phase of the probe data are given.

Figure 5. Time evolution of /3,, bandpass-filtered magnetics signal. and
the normalized fusion product losses in the DT shot #85863 and in a com-
parison DD discharge (#85864). The fusion-product detector [25] measures
alpha particles in the DT discharge (the signal is normalized to the DT neu-
tron emission). In the DD discharge, alpha particles produce ~ 65% of the
signal and tritons and protons produce the remaining ~ 35%. (Since the DD
fusion products produce 2/3 of the light produced by alpha particles [25],
the signal is normalized to Spr + 25pp.) The detector is at the bottom of
the machine (90°).

Figure 6. Bandpass magnetics amplitude versus 3, for DT (circle) and
DD (square) discharges.

11



10" cm™3

keV

Electron/4 (a)

Thermal D

3_
2_
_.Beam
1 2T )
o | Alpha (x\f —— T T |
0 0.5 :

MINOR RADIUS

Fig. 2




0gc.

00¢
|

(ZHY) AON3INO3HA
ogl ool

0S

10

(N'V) IANLTdNY

Fig, 4



B, (100-150 kHz)

o DT O
O DD
2 o
n
O
oo #
Opg O o e
O O 0O
g O Dorzq:' 0n 9 o &
%@u 0
x|
:llﬂP g0 O o
T L L L L R
0.5 1 1.5 2

POLOIDAL BETA

Fig. 6




***NOT AVAILABLE ON THE WWW### MAy 2 8
19

PPPL-3179, Preprint: May 1996, UC-420, 426
Search for Alpha-Driven BAE Modes in TFTR
W.W. Heidbrink, et al.

A search for alpha-driven beta-induced Alfvén eigenmodes (BAE
modes) was conducted in low current (1.0-1.6 MA) TFTR supershots
St.able high-beta deuterium-tritium (DT) discharges were obtaineci
with Bp = 2.4 and central alpha beta of 0.1%. Instabilities beween 75-
200 kHz were observed by magnetic probes in many DT discharges
but the: activity was also present in deuterium-deuterium (DD),
comparison discharges, indicating that these modes are not
des'tabﬂlzed (principally) by the alpha-particle population. Losses of
fusion products are also similar in the two sets of discharges.
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ABSTRACT. A search for alpha-driven beta-induced Alfvén eigenmodes
(BAE modes) was conducted in low current (1.0-1.6 MA) TFTR super-
shots. Stable high-beta deuterium-tritium (DT) discharges were obtained
with 3, = 2.4 and central alpha beta of 0.1%. Instabilities between 75-
200 kHz were observed by magnetic probes in many DT discharges. but
the activity was also present in deuterium-deuterium (DD) comparison dis-
charges. indicating that these modes are not destabilized (principally) by
the alpha-particle population. Losses of fusion products are also similar in
the two sets of discharges.
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Alpha particles are produced in DT fusion reactions. In a tokamak reac-
tor, intense alpha populations might drive instabilities that cause anomalous
transport of the alpha particles. resulting in degraded plasma performance
or damage to internal vacuum-vessel hardware. It is important, therefore,
to determine the stability threshold of alpha-driven instabilities.

In DIII-D experiments that are designed to simulate alpha:particle ef-
fects, intense beam-ion populations destabilize two types of Alfvén insta-
bilities, the toroidicity-induced Alfvén eigenmode (TAE) 1] and the beta-
induced Alfvén eigenmode (BAE) [2]. The BAE modes have frequencies
that are ~ 40% of the TAE frequency (2] (in a low frequency gap beneath
the Alfvén continuum of ideal MHD [3].) BAE modes occur in high-beta
plasmas. They were first observed in plasmas where the fast-ion speed was
comparable to the Alfvén speed. but were later seen in plasmas with sub-
Alfvénic fast-ion populations [].

Motivated by these simulation experiments. we tried to destabilize BAE
modes with alpha particles in the Tokamak Fusion Test Reactor (TFTR).
At the time of the experiment there were no theoretical predictions of BAE
stability, so we adopted an empirical approach. Our operational goal was
to maximize the alpha particle pressure (to maximize the instability drive)
at a large value of poloidal beta (to maximize the low-frequency gap in the
Alfvén continuum). No alpha-driven BAE modes were observed.

Since the time of the experiment, more has been learned about instabili-
ties in the BAE gap. Experimental work on TFTR found that instabilities in
this band have frequencies comparable to w.p; /2 [3]. (w.p; is the jon diamag-
netic frequency), as expected for kinetic ballooning modes [6]. Numerical
studies [7-9] discovered energetic particle modes (modes that do not ex-
ist in the absence of a fast-ion population) with frequencies similar to the
“BAE” modes observed in DIII-D. \\ recent unified theoretical treatment of
the background plasma behavior (in the absence of energetic particles) finds
that the most unstable regime corresponds to a coupling between the drift-
like KBM branch and the Alfvénic BAE branch. Comparison of these new
theories with the observed instabilitiés is the topic of a future paper. This
letter addresses the effect of alpha particles on modes in this BAE/KBM
frequency band.

The data were obtained during a week of TFTR operation in April 1995.
The plasmas were limited on a well-conditioned inner wall (major radius
R = 2.52 m. minor radius « = 0.87 em) and the confinement was charac-
teristic of supershots [L0] (tvpical 7z =~ 0.16 s). Approximately equal num-



bers of deuterium and tritium neutral sources were injected into nineteen
“DT" discharges; an additional 140 “DD” discharges with deuterium injec-
tion alone comprise the remainder of the dataset. The operational strategy

had four steps.

1. Steadily increase the number of beam sources N5 in DD plasmas until
a disruption occurs; time the sources so the disruption occurs approx-
imately 1.0 s after the start of beam injection. (Pushing the plasma
to the disruptive limit maximizes J,, while delaying the disruption for
an alpha-particle slowing-down time yields a maximal value of 3, in
subsequent DT shots.)

2. After reconditioning the walls, produce approximately ten DD dis-
charges with Vg — 1 sources to reestablish reproducibility.

3. Convert half of the neutral beams to tritium and prdduce a DT dis-
charge with Ng sources.

4. Produce a DD comparison discharge with Ng or Ns + 1 sources.

The beam power varied from 5-22 MW, the beam voltage was typically
100 keV. and a similar neutral beam power was injected both parallel and
anti-parallel to the plasma current (“balanced” injection). Plasmas with
toroidal fields By of 3.3, 4.7. and 5.1 T and currents I, between 0.7 and
1.6 MA were produced.

Relative to other TFTR DT discharges. the distinctive feature of these
experiments is the use of a low, steady plasma current. Figure 1 compares
the best 1.0 MA discharge with a 2.5 MA discharge that had a large value
of 3, [11]. Since the maximum pressure in TFTR supershots is governed
by a central beta limit that scales with the normalized current I,/aBr, the
maximum beam power in our low-current discharges is about half as large
as in high-current supershots (Fig. 1). The stored energy W is also ~ 50%
smaller. so the fusion reaction rate is only about 1/3 of the high-current
value. Since disruptions were delaved until the alpha pressure had peaked.
the resulting central alpha beta is also about 1/3 of the high-current value
(Fig. 1). On the other hand. the low-current discharge has a relatively
large beta limit for TE'TR (product of normalized beta and density peaking
factor .Jyn.(0)/{n.) = 6.8). so the poloidal beta is ~ 3 times larger than in
high-current supershots (Fig. 1).

As is typical for supershots. the spatial profiles peak strongly at the
magnetic axis (Fig. 2). The density is relatively low and the beam fuelling
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is strong, so the beam density is comparable to the thermal ion densities
and the central beam pressure is a large fraction (~ 40%) of the total. The
alpha pressure is an order of magnitude smaller. The large value of poloidal
beta creates a relatively large low-frequency gap in the Alfvén continuum
(Fig. 3).

In addition to disruptions. three types of instabilities are observed in
most of these high beta plasmas (Fig. 4). In the low frequency band (<50 kHz),
modes with toroidal mode numbers n between 1-4 are seen [21]. These modes
are probably tearing modes {22]. At higher frequencies (2200 kHz), modes
with the characteristics of edge Alfvén modes [23] are observed. These modes
have toroidal mode number n = 0. extend over a relatively large range of
frequencies, and do not correlate with observable fast-ion losses. It is the
modes in the intermediate frequency band (50-150 kHz) that are of greatest

-interest for this study. These modes often appear as a “cluster” of several
modes separated in frequency by ~ 10 kHz. The clusters consist of 2-4 peaks
with successively increasing toroidal mode numbers between n = 2 and 5.
Their features closely resemble the BAE modes observed in DIII-D [2]. In
other cases, single modes with n = 1-3 appear in this frequency band.

Like the DIII-D BAE modes. these intermediate-frequency modes have
frequencies that fall in the low-{requency gap beneath the Alfvén continuum
ofideal MHD (Fig. 3). In a frame rotating with the plasma, all of the toroidal
modes in a cluster have nearly the same frequency in the interior of the
plasma. (In other words. the splitting of the peak into a “cluster™ is probably
caused by the Doppler shift.) Calculations with the ideal MHD code GATO
reveal global eigenmodes in the center of the plasma with frequencies close to
the measured frequency (Fig. 3). These eigenimodes resemble the theoretical
“BAE" modes computed for DIII-D equilibria [24]. The internal frequency
is also comparable to the expected frequency [6] of kinetic ballooning modes
(Fig. 3). ‘

Having established that these plasinas can support “BAE”™ modes similar
to those observed in DIII-D. we proceed to an examination of the effect of
alpha particles on the modes. Our approach is to compare DT discharges

with companion DD discharges that have similar plasma parameters ( Fig. 5).
No effect correlated specifically with alpha particles is observed.

e A bank of bandpass filters wnaivzes the uctuations measured by a

magnetic probe. The amplituie of the fluctuations is comparable in

DT and DD comparison disciiarees in both the 75-95 kHz filter band
and in the 100-150 kllz filter band. Mlso. in DT discharges. the peak



value of the magnetics signal does not necessarily coincide with the
maximum value of the alpha density. :

o Scintillators at three different poloidal locations (45°, 60°, and 90°)
measure fusion-product losses. The temporal evolution of the signals
is very similar in DT and DD discharges. The signals appear consis-
tent with the expected evolution associated with prompt losses [26].
Little or no correlation with the magnetic fluctuations is observed.
If anomalous losses occur, they are much smaller ($10%) than the

prompt losses.

o For arepresentative subset of the DT and DD discharges, coherent core
fluctuations are not observed between 50 and 150 kHz by the reflec-
tometer diagnostic [27]. Signals from the electron cyclotron emission
grating polychromator [14] are similar in DT and DD discharges.

o For discharge #85863. the beam-emission spectroscopy diagnostic [28]
does not observe any coherent fluctuations above 60 kHz.

This qualitative assessment is supported by a quantitative analysis of
the magnetics and scintillator data. Measurements at 2-3 different times
for every discharge in the dataset were entered into a database. If BAE
modes were destablized by alpha particles, the mode amplitude at large 3,
should be larger in DT shots than in DD shots, but this is not observed for
fluctuations between 100-150 kHz (Fig. 6). Similar results are obtained in
the 75-95 kHz frequency band. The mode amplitude also does not correlate
with the 14 MeV neutron emission (the alpha creation rate) Spr or with
other plasma parameters (1, #., Br, W. 7g, Pg).

Similar results are obtained for the scintillator data. For all three detec-
tors. the normalized signal (loss/neutron) depends weakly on the magnetics
amplitude and on j3,, Spr. {p, .. 1.(0)/(n.), Br. W, g, and Pp.

In retrospect, the null result of this experiment is not surprising.

o In DIII-D, the stability threshold for the beam-driven BAE tode is
comparable to the stability threshold for the beam-driven TAE mode
[2]. So far, TAE modes driven by alpha particles alone have not been
observed in TFTR [29-31] (even in plasmas with ~ 3 times larger
alpha pressure than in our discharges). In one experiment [32]. the
minority ions created by ion cyclotron heating supplemented the in-
stability drive produced by the alpha particles. In this experiment.




estimates indicate that alpha particles with a central beta of 0.13%
provided 10-30% of the drive needed to destabilize the TAE mode. If
we assume that the alpha drive is proportional to 8, and make the
rough approximation that the damping of the background plasma for
the TAE experiment is comparable to the damping of BAE modes in
our experiment. the estimated alpha drive in our experiment is only
~ 15% of the damping.

The threshold for beam-driven BAE modes in DIII-D is around (8;)2 1%
[4], where () is the volume-averaged beam beta. In this experiment.
the observed modes in the 50-150 kHz are probably destabilized by the
beam ions or by the plasma pressure. The beam beta in this experi-
ment is O(1%), which is an order of magnitude larger than the alpha
beta (Fig. 2c). Thus. in order to make a significant contribution to
the instability drive. the alpha particles would have to resonate much
more strongly with the BAE modes than the beam ions do.

Previously, alpha particle losses were correlated with 100-200 kHz
MHD activity in a high-current (2.1 MA ) supershot plasma [33]. A the-
oretical analysis [33] suggests the modes are kinetic ballooning modes
that are destabilized primarily by the background plasma pressure.
with the alpha particles with J,(0) ~ 0.23% only making a small
destabilizing contribution. Assuming that the general features of this
analysis apply to our low-current supershots. the $0.1% alpha beta in
our experiment is too small to excite kinetic ballooning modes.

In summary. any contribution of alpha particles to the destabilization of

BAE or kinetic ballooning modes in low-current TFTR supershots is below
the threshold of detection. .\s a rouch estimate. the alpha-particle drive
appears to be an order of magnitnde weaker than the drive associated with
the background plasma aund beam ions. These data should be useful in
testing the emerging theories of the B.AAL mode.
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Figure Captions

Figure 1. Comparison between a low-current supershot (discharge #85863)
and a high-current supershot (#76770). Plasma current I,, injected beam
power Py, 14 MeV neutron emission Spr. poloidal beta g, (from magnetics)
and central alpha beta (computed by TRANSP [12]).

Figure 2. (a) Profiles of the electron (solid), thermal deuterium (dot),
thermal tritium (chain dot), deuterium beam (solid), and tritium beam
(dash) densities in discharge #85863 at 3.9 s. (The electron profile has been
divided by 4.) The abscissa is the square root of the normalized toroidal
flux (~ r/a). Equal numbers of tritium and deuterium beams were injected;
half the beams were co-injected with the current and half were counter-
injected. The electron density is measured by a ten-channel interferometer
[13]; the other profiles are computed by TRANSP. (b) Profiles of the electron
temperature (dash) as inferred from the electron cyclotron emission [14.15]
and of the ion temperature (solid) measured by charge-exchange recombi-
nation spectroscopy {16]. (c) TRANSP profiles of the total beta (solid),
beam beta (dash), and alpha particle beta (chain dot). Toroidal field on
axis Br(0) = 4.2 T; 3r = 0.60; 3, = 2.4.

Figure 3. Comparison of an observed » = 3 mode at 3.9 s in dis-
charge #85863 (dashed line) with several quantities of theoretical interest.
The laboratory frequency (measured by magnetic probes) is corrected for
the Doppler shift [17] to give the mode frequency in the plasma frame. The
shaded regions are the continuum of ideal MHD as computed by the CONT
[3] code; the BAE and TAE “gaps™ fall below and between the continuum
bands, respectively. The solid lines within the shaded region represent the
continuum for n = 3 modes. The solid horizontal lines in the BAE gap rep-
resent “BAE” modes found by the ideal MHD code GATO ([24]; the length
of the line represents the approximate spatial extent of the mode. The
dotted line labeled “KBM"™ is the expected frequency of an n = 3 kinetic
ballooning mode with frequency ., /2x. The equilibrium is computed by
EFIT (18] using magnetics data. motional Stark effect (MSE) [19] measure-
ments and kinetic profiles from TR.ANSP: the EFIT ¢ profile is also shown.
The Doppler shift correction uses toroidal rotation and temperature pro-
files measured by charge exchange recombination spectroscopy [16] and the
mass density and KBM profiles are obtained from TRANSP (Fig. 2). The
abscissa is the normalized poloidal Hux.

Figure 4. Average B amplitude of magnetic activity from a toroidal
array of magnetic probes on shot #35863 at 3.76 s. The toroidal mode

L0



numbers inferred [20] from the relative phase of the probe data are given.

Figure 5. Time evolution of 3,, bandpass-filtered magnetics signal. and
the normalized fusion product losses in the DT shot #85863 and in a com-
parison DD discharge (#85864). The fusion-product detector [25] measures
alpha particles in the DT discharge (the signal is normalized to the DT neu-
tron emission). In the DD discharge, alpha particles produce ~ 65% of the
signal and tritons and protons produce the remaining ~ 35%. (Since the DD
fusion products produce 2/3 of the light produced by alpha particles [25],
the signal is normalized to Spr + %S pp-.) The detector is at the bottom of
the machine (90°).

Figure 6. Bandpass magnetics amplitude versus g, for DT (circle) and
DD (square) discharges.
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