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Abstract

NSTX plasmas exhibit arange of ELM behavior during H-mode discharges,
Including relatively large discrete phenomena classified as‘ Type I’ ELMs. These
ELMs can cause a reduction in the plasma stored energy of up to 15% and can
perturb the electron temperature profile by triggering a cold pulse that propagates
radially inward on timescal es of hundreds of microseconds. However, different
operating regimes can exhibit smaller ‘ Type I’ ELMswhich have amuch smaller
effect on the stored energy and el ectron temperature profile. The soft X-ray
system on NSTX has the capability to examine the fast temperature perturbations
and measure the propagation of these events viaa‘ multi-color’ technigue which
uses various X-ray filters to measure the incident X-ray spectrum with different
energy cut-off thresholds. This technique is used to study the variety of ‘ Type I’
ELM behavior and relate the differencesto NSTX plasma conditions.

* Work supported by USDOE grant No. DE-FG02-99ER54523 at JHU and US DOE contract DE-AC02-76CH03073 at PPPL
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Outline

« SXR system on NSTX

« |dentification of distinct ELM regimes in NSTX

« Description/Parameters of ELM Perturbation Study
« Two-color SXR imaging of ELM perturbations

« Differences between Large and Small Type | ELMs
« Characterization of “Type I’ ELM perturbation

* Future Work

«  Summary
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Bay G SXR system provides poloidal spatial coverage

Sho{= 112581, time= 538ms

« Imaging and tomographic reconstruction used to
....... analyze plasma activity

Oscillatory events (MHD modes, islands)

Intermittent events (sawteeth, ELMs, reconnections)

:

Slow phenomena (rotating/locked modes, RWMYs)
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i « Arrays utilize variable filter settings to change plasma
region focus

_______ 0.4um Ti filter views primarily edge C emission
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10um Be filter passes X-rays from bulk plasma

100um Be filter focuses on core plasma emission
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Various filters isolate X-ray contribution from different
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Many different ELM types observed in NSTX
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QNSTX

AWMHD/WMHD ~ 3-15%
Pheat >> PL-H

AWMHD/WMHD ~ 1-5%
Pheat 2 PL-H

| AWMHD/WMHD < 1%

Wide Py range

AWMHD/WMHD < 30%

Maingi, APS2004 o‘l'l\l
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What Causes Type | ELM Variability?

« Type | ELMs can cause a range of energy loss from ~3-5% to >20%

- Large energy loss corresponds with global drop of T, profile

«  Global T, perturbation possibly due to transport effects

Only small precursors observed on Mirnovs regardless of ELM size

No large MHD modes seen on SXR arrays

Time scales of profile perturbation ~100's of usec

No corresponding global perturbation of ng profile

« If perturbation is driven by transport effects, try to modify electron transport

- Experiment run on NSTX to scan |, and measure ELM perturbations
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Large/Small Type | ELM perturbation vs. Ip

from \EFITO2, Shot 117899, time=505ms |p 0.7 - 0.95MA
2 -_ FEEFEF _ 2 BT O45T
1H| 11
| S Wy np 180 - 200kJ
| By 10-15%
O] o0&
| N
; i « Qualitative difference seen in ELM perturbation
11 % 1 - Low I, (0.7MA) — small perturbation AW~3-5%
___________ ] - High 1, (>0.8MA) — large perturbation AW~10-20%
' « SXR arrays show difference in penetration of ELM
co LS e b g

perturbation
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Plasma Boundary Similar between Discharges

from \EFITO2, Shot 117903, ime=373ms e e
_Sho 117899, ti me=50§ms __ | | .
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11 « Higher current discharge corresponds to

~10% higher core T, lower n(r)

------------- : ] - Edge T, and n, gradients similar
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L 4 ELMs Show Difference in T, Related Signals

“Large” Type | ELM “Small” Type | ELM

Plasma current

from \EFITO2, Shot 117903, time=373ms
ShO 117899 ti me—50':ms 800 117903
600 —117899

2] Jo 5=

200

||||||||
A
""""
-y

Plasmatotal stored energy
T

Slow Neut FI-F/G-Raw
T

It
N
[$2)
T T 1117

Horizontal Down Chord 08

n

o

8
ST

FEFH 1.2 0.2 0.4 0.6
] seconds

o
®

RN e ||. TN * |, change appears related to different ELM
00 05 10 15 20 character
R(m)



g JOHNS HOPKINS @NS X

iU N 1V E R S TOT Y

Small Type | ELM Shows Limited Penetration

SXR 117899 - Be10y filter dl/l SXR 117899 - Be100y filter dl/l
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Core electron density and temperature remains relatively unchanged
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Large Type | ELM Perturbation Extends to Core

SXR 117903 - Be10u filter

0377
Time (s)

0,378

Perturbation at MPTS t2 ~130-135cm

117903

v e e e e L T L I L T i s et s A P 5

2a[ T

0.0

20 40 50 890 103 129 140 180

RADIUS (om)

dl/l

02

0.0

-02

-04

0.379

QNSTX

dl/l

SXR 117903 - Be100u filter
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w  Like “small Type I”
] loss of ears but no
central n, perturbation
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ELM Perturbation Shows IIo Threshold Effect
between 0.7 - 0.8MA

QNSTX

Perturbation penetration Correlation with Wy,,p, S
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*  Below I, threshold, ELM penetration limited to ~125-135cm
*  Above |, threshold, ELM penetration can extend to plasma core

- Wynp and S, ; reductions correlate well to penetration distance
(lin. corr. -0.9, -0.85 respectively), consistent with T perturbation
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q profile shows some differences between

“small’/"large” ELM events

14 T T T T T T T T T T T T T T T T

" EFITO2 (w/out MSE)
12 117903, 0.373s
- 117899, 0.499s

a(yp)

0.6 0.8 1.0

« |f perturbation is transport related, could depend on q(\|;p) or Ip density gradients

- MSE, higher resolution T, n, profiles needed for accurate stability calculations
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Profiles change slightly before ELM

SXR 117908 - Be10u filter di/l SXR 117908 - Be100u filter di/|
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«  Small precursor usually observed on Mirnovs, edge modes can also exist
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T¢ perturbation starts at edge and propagates inward

SXR 117903 - Be100y filter Z00m gy o propagation speed ~500m/s il
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- No large MHD observed on SXR, no significant impact on global n, profile
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| T Perturbation reaches core of plasma ~1-2ms

SXR 117908 - Be100y e propagatlon S|OWS ~1 OOm/S dl/l
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Even during large
T, crash, n, global

profile stable
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- After perturbation reaches core, T, evolves over several ms
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T increases globally during recovery phase

SXR 117908 - Be10u filter

QNSTX
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Profiles approach pre-ELM values during recovery
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ELM perturbations show repeatable characteristics

ANSTX

SXR 117415 - Be10u filter dl/l

SXR 117415 - Be100u filter
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Subsequent ELMs show similar perturbative effects on T_, n_ profiles
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ANSTX
Li Pellet Injection used to create edge perturbation

SXR 117898 - Be10u filter di/l SXR 117898 - Be100u filter dl/l
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Li pellet injection
: . : " ” . 117743
* Injection into 0.7MA “small” Type | discharge Qs
causes edge temperature perturbation L osl 0.300s|]
3 0.6
*  Previous injection into H-mode plasmas have o0 LPI @ 0.2085
caused global T, perturbation ol
- More injections needed to verify behavior 20 oS (om0

See: Stutman RP1.00027
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TOSXR array provides multicolor tangential view

Tangential Optical Soft X-ray (TOSXR)
array converts X-rays to visible light

1F Array views same plasma volume
coil through 3 different Be filter thicknesses

To fiber optics
X-rays from

NSTX plasma
(midplane: 0< p<0.9)

£7
88.6 [ Lo i
: preliminary analysis

o7 provides time-resolved
_ 1066 temperature profiles
E’ 15.2 |

193.5 time resolution ~0.2ms

131.6

139.3 50 eV

0.378 D.37B 0.377 Q.378 0.37%2

Time (s) See: Delgado RP1.00009
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Future Work

Experimental study will be continued at high TF to isolate Ip and q dependence
- Help corroborate existence of threshold

- Provide information to determine whether perturbation is transport related

TOSXR system upgraded to higher time resolution for multicolor profiles
- Multicolor measurements from same plasma volume will aid modeling

- Direct inversion will improve measurement of radial propagation

Further comparisons with pellet will help differentiate edge effect from
subsequent perturbation

- Measure radial propagation with controlled edge perturbation

- Compare pellet cold pulse with ELM perturbation
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Summary

« SXR system can be used to follow evolution of ELM perturbations
- Typel ELMscan cause large T, crash without corresponding n, drop

- Potentid Ipthr%hold for “large’/“small” Type |l ELM regime

« Global T, perturbation possibly due to transport effects

Only small precursors observed on Mirnovs regardless of ELM size

No large MHD modes seen on SXR arrays

Time scales of profile perturbation ~100's of psec

No corresponding global perturbation of n, profile

«  Future investigations to help distinguish between q and Ip effects
- Higher By will allow comparison between g and l, scan

- Upgraded MPTS, MSE, and TOSXR diagnostics will improve analysis capability
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