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ELMs can potentially trigger or seed disruption-capable modes

0 The Disruption Event Characterization and Forecasting
(DECAF) code works to resolve, characterize, forecast, and
glean physics insight to event-chains that result in disruptions
by studying large, cross-machine databases!'!

a favorable formalism to study possible seeding of detrimental
instabilities

0O Not typically directly disruptive, but ELMs have long been thought to
be a potential trigger for more detrimental plasma instabilities!?3!

0 Recent progress in theory proposes possible mechanism for ELM
triggering of NTMsl?°l

0 The potential of ELMs to seed modes that can result in plasma
termination interests DECAF in a high-fidelity ELM-detection
capability

gives rise to DECAF ability to study correlation of ELMs with disruptive plasma
events

KSTAR ELM Detection and Correlation with Rotating MHD modes for DECAF: J. Butt, S.A. Sabbagh (Columbia U.), et al. (07/21/21) 3



Goal: Reliably detect and characterize ELMs in DECAF

0 Reliable ELM detection and characterization requires
distinguishing between events that may share diagnostic
signal characteristics

A high time-resolution diagnostic to detect edge energy transients is
the D, diagnostic

E(dge)LM: loss of pedestal energy - Expect ELMs to exhibit edge-
localized profile drops following ELM crash

Strong D, emission transients w/out edge-localized profile changes
through mode dynamics still useful — info passed to other DECAF
events (NTM, LTM, RWM, etc.)
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ELM Ildentification Algorithm
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ELM ldentification Results

0 Demonstrate ELM identification capability and characteristics
by examining performance on several shots

2 NSTX discharges with bona fide ELMsB!
2 NSTX discharges with D, emission signatures similar to that of ELMs
A representative KSTAR shot

0 Examine plasma diagnostic signals through mode dynamics
to determine physical nature of strong D, emission transient
(if not ELM, what is source of the emission?)

DO(

Slow neutrons

Magnetic pick-up coils

T, profile

RWM and locked mode sensors

Plasma stored energy (W)
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DECAF ELM detection capability classifies D, spikes as

1/4
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ELMs are detected when D, spikes supported by edge-

localized plasma signals
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ELMs are detected when D, spikes supported by edge-
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localized plasma signals

L2 T T T T
D g 0 433e: 0.4555 ' ' 1 0.448s 2.0 1T 0.0
| | | £ o0.465s NSTX 138981 % |
1.0 o S L S R . - [ S . £
: : : F-] AT — D, _
: == D, spike 0.5
0.8 i ELM
y 15l == Edge-local AT, 10
= SRS OO SO — - Global AT,
g : : \ \ 5t = 0.0p22 =
Sl il 1 R ot = 0.00199 15 T
: ; : 8t = 0.0020 D 3
0 Te1 n (::ore ; : 8t = 0.0056 R
I S A IR o = =
0.0F- %'CO‘FEE"ihcrea'se I ‘\,I\ . ',"E'f' ] g
> EDGE decrease R G D
055 03 01 0.0 0.3 .0 =
ey = Ry /Ry
[ Bl C = D HATFA i e 0.5}¢
i i
* I
[ -
3 A -
; o = -
LB e N r
T Ddd=nLowk - (Gauest. L o, II
e e T T L e T T 1| 0.1 0.2 0.6
t . Time [seconds]
[N ¥ [N 5 i, a4 0D 0,86 . .
——— = Transient low-f magnetics & very small slow neutrons change
[ ROy .
g . ..} '+ Edge-localized T, drop
| . . .
po: Albeit w/ some edge-profile recovery, but note T, 10ms after spike
! ! ' N '+ Nomajor AB, or AB,
I 0.42 0.43 0,84 ope 7 ok [ . SELM

KSTAR ELM Detection and Correlation with Rotating MHD modes for DECAF: J. Butt, S.A. Sabbagh (Columbia U.), et al. (07/21/21) 9



ELMs are detected when D, spikes supported by edge- Z
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localized plasma signals
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DECAF ELM detector computes D spike start- and end- times
1/3
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ELMs are detected when D, spikes supported by edge-

localized plasma signals
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DECAF ELM detector discerns difference b/w global and edge-localized
effects, and can provide D, processing to other DECAF events
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Narrow-peaked, quasi-periodic D, measurements may appear to be

1
ELMs but DECAF detects global plasma profile changes 5
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DECAF ELM detector filters out events not supported by edge-

2/3

localized plasma signals despite ELM-characteristic D,
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DECAF ELM detector filters out events not supported by edge-
localized plasma signals despite ELM-characteristic D,
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Narrow-peaked, semi-regular D, emission transients *look™,

like ELMing, but DECAF ELM detector claims otherwise :
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T, profile provides critical support to ELM-detection by filterin%
events w/ D spike-ing but no edge-localized profile change 5
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T, profile provides critical support to ELM-detection by filterin%
events w/ D spike-ing but no edge-localized profile change 5

: ‘ ‘ ‘ — : — T
14 “})ST.’.‘Q‘@%%‘%Z S I 1 o515 || |3 Bayi L - Da HAIF ) B N F'V"\ 7
Sina ‘ ‘ 05 A AR VA VAN Y
] I S S LI At |]d [ % AT T
; -] 0.532s _ f o B EFF BF Cpper 771 PR :_,\ i
,F|1CIL|\J'F [aus -‘“! }y \v_tf/\ A 1\‘“{ L . [ "
08| o e REFRTS Lol I i i
3 | ! * Global T, drop, large drop in slow neutrons
= 06} .
= = D, info now to be passed to other
04 DECAF events
02l Te lincore .. * Br & Bp increase (both Bg-L and B;-U, but
) R R
Te | in edge ‘ ‘ 1 M only Bp-L)
oof : [ S I B e L X
5 GLOBAE decrease- [« -+ | N6 0.8 tHs 0,52 ﬂwtw 2+ SProbable Metastable RWM .
-0 ?I] 0 0.2 0.4 ) []‘ﬁ []‘S 1.0 - NSTX 123847 il
pess = RifRa — D
== D, spike 405
— dtr ELM 2
14 g 6 a2en: 06405 [ 08188 {28 Bay- L Do HALEA i 15)| == Fdeelocal AT, 110
Tp, = 18.6ms | ; ; I ose48s || j” = = Global AT,
1 S (S S O =
‘ ‘ ‘ [1 06325 || g oo ! A T Y 115 5
10k . :U L .0 LD -ﬁ- i_ L = ! Ly k= [e——
4 Odd-n. lowf: (Gauss 2
! PO, W Y RPN . Y S 420 =
; | | :
S |-2 053 nig 0,E1 0,52 {24 E
04l Mode n=1 Br Amplitude {(Gauss) |
1
. 43.0
| Te 0- incore . W .
0.2
Te | in edge X JA‘A \‘\M_,_\,f' 7 ! '\\/\, :,
1Y) S & L e I . ) v Q W] Q248 DLkl Q.52 ; . : l :I' 135
- GLOBAL decrease - ‘ 1 i h : b
i ey
043 0.2 04 06 [ !l. _ i " '
s = Bl Ro 0.3 0.1 0.5 0.6 0.7
: ==t Time [seconds]
- BE-U N=1 alPLITIDE
LHl87
f‘j“fm?n o o  Global T, drop, large slow neutrons drop (~10%)
SR - D, info now to be passed to other DECAF
e e 8 11 ' events
ER-I [=1 AMELITUDE .
* Br & Bp increase (both Bi-L and Bz-U, but only
00, 000 m Tah ,\,/F Bp'L)
| ek wiiedl A
bt e A + > Probable Metastable RWM

KSTAR ELM Detection and Correlation with Rotating MHD modes for DECAF: J. Butt, S.A. Sabbagh (Columbia U.), et al. (07/21/21) 19



T, profile provides critical support to ELM-detection by filtering4
events w/ D spike-ing but no edge-localized profile change 5
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DECAF ELM detection capability is machine-general
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Summary, Active and Future Development

O Summary

Results from DECAF’s ELM event demonstrates its ability to reliably detect
ELMs with D, T,, and slow neutrons as inputs

* DECAF has access to many machines — ELM-event can be generally applied (e.g. KSTAR)
Supports other DECAF events with D emission transient processing

a Active work

Studying extent of correlation of ELMs with rotating MHD modes

« Recent theory predicts MHD b i | 1
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i R I
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Figure4: 174446 long time evolution; NTM grows robustly after ELM at 3396 ms.
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