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Understanding the physics leading to the
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ELM is triggered. While ult]mately it mlght Figure 1: Top panel: Magnetic spectrogram shows the inter-
mittent bursts (#170869). Bottom panel: Time history of the

be that the PB mode leads to the type ] density gradient evolution and integrated spectral power of
the magnetic fluctuations.

ELM onset, the edge parameters can exist

near this unstable region for a substantial part of the inter-ELM period. During such

inter-ELM period, there is growing experimental evidence%67

showing pedestal insta-
bility activities correlated with the pedestal parameters dynamics, in which the pedestal
gradients appear to be pinned to the linear marginally stable ballooning profiles or mi-
crotearing modes prior to ELM onset. To improve our understanding of the ELM onset,
we focus on the inter-ELM phase leading up to the ELM onset.

We report on analysis of type I ELMy discharge (170869) in DIII-D (LSN, qg5 varying
from 3.4 to 5) during the inter-ELM phase where intermittent bursting activities of a high
frequency pedestal modes have been observed. Specifically, we characterize the bursts, and

analyze their effects on pedestal transport. We show a preliminary nonlinear analysis to

develop an understanding of the trigger of these bursts.
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1 i Fig. 1 displays in the top panel the mag-
gz: - netic spectrogram showing the high fre-
e g quency mode (~ 390kHz) being modulated
42053‘ _ .qus.tffl‘tgg.@.(fllzllj{sggﬁjﬁl jﬁallugnj ...... 5.000 in bursts during the inter-ELM phase.
4 ® In the bottom panel of Fig. 1, we show
; E the comparison between the mode ampli-
3 tude dynamics (averaged between 200 -
4 b v = e — 600 kHz) and the density gradient evolu-
225./ e \‘ tion, suggesting a density gradient driven
22;3 ! ”'l! mode (not shown here). It is this underly-
?23-5 \ ing mode that is modulated by the bursts.
%2;: Note that these bursting activities (bursts
2;%;2 are the vertical spikes in the top panel of
a0 o0 . r::?fns] 4700 4750 4800 Fig 1 between ELMs) are remarkably sim-
o . Radlal Profile . ilar to observations on the JET ILW inter-
ok 3 £ ELM magnetic activities (see Fig. 15 of
202 $ ] Ref.®). Similarly, strong intermittent den-
Emi.ﬁ } ! - sity fluctuation bursts are observed be-
g; o o PTa— 2;5 tween the ELMs on AUG?. We also show
Radius [cm]

below that these bursts are similar to the
’I;iiillléeh?s:tcic;czlfizgiiogaiitv};ietl? liffbﬁii?f ?CI;]st:tagEi;, s(iz bursting modes observed in the BES signal
?;clli;]i(tg)tg;flti; é(;)()iffiilg/[c:»sf ngiiisttlﬁezfsigg vtirhsﬁei;:;réﬁs of enhanced H-mode pedestal with lithium
tuations from BES injection in DIII-D1°,

Fig. 2(a) displays the effects of the bursts on D, trace (these bursts are the same as
those in Fig 1). We utilize the BES diagnostic (see Fig. 2(b) for an example time trace) to
localize the bursts to the pedestal. Fig. 2(c) displays the contour plot of the rms density
fluctuations due to these bursts for various BES radii. The radial profile of the max rms is
shown in Fig. 2(d), clearly indicating that these bursts are localized in the pedestal. The
bursts are also localized below the midplane (not shown here) in the poloidal direction.

This radial localization is confirmed using the Doppler back scattering (DBS) system.
Figs. 3(a) and (b) show the signatures of the bursts on the D, trace and on the mag-
netic probes, respectively. Fig. 3(c) represents the frequency cutoffs, along with Fig. 3(d)
and (e) that display the DBS quadrature spectrograms for two radial locations sampling
the bottom and middle of the pedestal. It is clearly observed from the top spectrogram
(Fig. 3(d)) that the bursts are localized in the middle of the pedestal. These DBS mea-

surements extend the BES analysis results to higher wavenumber.



45" EPS Conference on Plasma Physics P5.1101

J@ T
:Z.s I I I 9 1- “

D [10'%]

T T
4 — Bursty Pedestal
4200 4250 4300 4350 Aroo 4450 © 08 modes
00 Magnetic Signal _9_
0.6 [
500 o
T
= 0 1 LA LA N L)
g 4200 5000
&
2300
1 T T T
aa50 LRAREY
Time [ms] | 08 ¢ n:ED[102 m?) —
— T T
X-mode ! 0.6
100 '
| 0.4
0.2
— 80 Iy v |
N = o 0
T 2 4200
O § <] 7
~—" ag) -C’
(>_)‘ 60 = : G| 6
c I o L AR ' { I pAE =
q) L 4200 4250 4300 4350 4400 D B o *
=} Time [ms] I x5
o [ DBS Quadrature d02 ] 1 o
Q40 s £ 34
+ 7
[T — Al N @
£° @ g o
[ = 3l 3] a3
[ 22 o 1 ke
20 2 1 32
L o1 | fg', il
fr i @
L - s o
o L ' L | o 1
b 4200 4250 4300 4350 4400 4450 &
0 ooy oy oy | Timefms] )y oy L ' T 0
0.0 0.2 04 0.6 0.8 1.0 4200 4400 4600 4800 5000

. . Time [ms
normalized radius (]

Figure 3: (a) Time history of D, with the region of interest
highlighted in red. (b) Magnetic spectrogram indicating the
high frequency modulated by the bursts. (c¢) Frequency cutoff
of the X-mode DBS system showing the localization (the
open circles) of the measurements in the pedestal. (d) DBS
Quadrature spectrogram showing the bursts aligned with the
magnetic signal burst located at mid-pedestal. (e) DBS
Quadrature spectrogram showing the foot of the pedestal.

Figure 4: Burst and electron pedestal parameters. Top panel:
Time history of the D, with bursts signatures. Middle panel:
The pedestal density and temperature evolution between
ELMs. The temperature pedestal evolution altered when the
bursts kick in, while the density pedestal evolution continues
to evolve until the next ELM. Bottom panel: the pressure
pedestal evolution.

We now investigate the transport effects due to these bursts. The top panel of Fig. 4
indicates the burst of D, with the vertical lines representing onsets of the bursts. In the
middle panel of Fig. 4, we show the time evolution of the electron density and temperature
pedestals. In this panel, we indicated the vertical lines where the bursts become noticeable
on the D, trace, shortly after which the pedestal temperature starts to droop as one
approaches the end of the ELM cycle (see lines indicating the droop in Fig. 4). However,
the bursts have no effects on the inter-ELM evolution of the pedestal density. The bottom
panel of Fig. 4 displays the electron pedestal pressure with a change in the evolution of the
trajectory when the bursts are triggered. Overall, Fig. 4 is consistent with bursts causing
electron heat transport in the pedestal.

Above, we have shown that the bursts are intermittent and appear to only be modu-
lating the high frequency mode (200 - 600 kHz as bracketed by the horizontal lines in the
top panel of Fig 1) similar to observations on other devices. This mode’s onset appears
to be correlated with the pedestal density gradient evolution. The bursts were shown to

be localized in the pedestal using BES and DBS systems, consistent with AUG observa-
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tions? and burst activities in Ref.!°. Finally, it is clear from time history of the pedestal
temperature, density and pressure, that the bursts have strong effects on the tempera-

ture pedestal evolution between ELMs. Thus, the electron heat channel is predominantly

affected by these bursts. 500 17069
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Figure 5: Nonlinear analysis.(a) Magnetic spectrogram show the high fre-
useful tOOl, enabling analyses of quency mode modulated by the bursts. The two arrows indicate region
with and without the bursts. (b) Power spectra with and without the
the nonlinear Coupling between bursts. (c) Bicoherence when the bursts are ON. (d) Bicoherence when the
bursts are OFF.

modes and the energy transfer, is

the bicoherence b? applied to the magnetic signal (referred to as S). The bicoherence b? is
. 1y, 72 SaSkSH )l . .

defined by equation (see Ref.''): b* = EPEPEITRNEE where Sy is the signal evaluated

at frequency f and S} its complex conjugate. Fig. 5(c) and (d) display the bicoherence

with and without the bursts. The bursts near 350 kHz appear to result from nonlinear in-

teractions between low frequency ubiquitous quasi-coherent modes during the inter-ELM
phase (as reported in AUGS, DIII-D?, JET?). Future work will identify the possible triads

systematically leading to the bursts as well as their combined effects on transport.
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