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\ 4 Upgraded Bay G USXR System Provides Improved
~__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)

Bay G
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i « Arrays utilize variable filter settings to change plasma
region focus

s

{
!
|

0.3um Ti filter views primarily edge C emission

------- Reentrant
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5um Be filter passes X-rays from bulk plasma

100um Be filter focuses on core plasma emission




ANSTX

Comparison of Filtered X-ray Contribution
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Addition of High-speed Reentrant Array Improves

) Imaging Capabilities _
- shot: 113409 filter: BeSum - Reentrant diode array uses AXUV-16 from IRD
inboard: 15 Huuwlf I

' hn“ ill'y - Fast, low-noise amplifiers have ~300kHz bandwidth
é [ Irlll‘l‘ I
S “ | ,,|'|||T:,,|I|’,J"" - High speed PCI digitizer board samples at 600kHz
outboard: ”” Ll "' il - Necessary to resolve outboard plasma edge
41 Time (s) 413
ELM crash USXR burst
Localized USXR emission burst inboard: 15 s|f?°t u“3665 — Be5 y
~500us after Type Ill ELM event i dl I'L uu|”|" |.| L lr #'n' I”# L |||I“
'CCB_) i I‘wll Il II’IHH Ill‘llll| I‘ || l‘l\ll‘\l\‘
« Fast sampling improves imaging of Type V ELMs L W'VNI L I\ .h' Il )
| 1
- Reentrant array helps pinpoint ELM origination °***°*" .13517 ime (s) 36
- Improves measurement of event propagation =~ "% ™ i 1'"
Type V ELM % |II l Thi | | | | IIIII
5 :

"II III*dlll I

Reentrant array sampling at 600kHz

outboard: 1 :
3525 Time (s) 353
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Imaging of Type V ELMs show Poloidal Propagation

| inboard T
1 | |I||I Illl
'I'I'll."hfl Hl“ il H"il b «  ELM characterized by small edge perturbation
||'|||II|,||”” IJ:!' f"l flr"ﬁ..'w! r'u lim qll - ELMsoriginatetypically in lower plasmaregion
IIIII ||| .l | I”IIIJ I 'I (I A0
— :’“tmard Propagate counter-clockwise poloidally
k' o
o LA LI - Havenegligible effect on bulk plasma (T., W, ...
Hor. | | Ill:lwlm I‘ | 1l I‘IH |"|“| Illllll II |
Pown i '.l:' nhEh | LRE - Regime often contains intermittent Type | events
y | ,I| ||I | J|”| IIIII Il shot 113665 filter: Be 5um
Be 5um o
|I|!IIF | IJ o
Il’ll I
Lin Poloidal propagation
A — bottom E, ~300us from bottom to top
I | | | inboard
Il II\II lew‘ llll:lw II“""II“ :Ill‘
Reent. I|||||| |:|'|' Ilwl |¥||'|I lf |||I "| '|”T:|Hl||l ]
A i v "‘M [y ""Mm —origin
! __| outboard
33316 Time (s) 33526
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\ Type |l ELM Correlates with Edge n./Impurity Crash

inboard

« USXR data suggests ELM has negligible effect on

bulk Ne, Te
—1 outboard_ Neytron rate unaffected
I I | “ ] top
Hor ,'P ,'MHI:'"” 'ilz\ :'I.|'|| Illlj*l’ |I :IIII:“I )'“ F I - High energy filter shows little/no evidence of ELM
Down LIt ekl | I
ﬂ“" I||'|I'||| :|I||I||||'|H,| ||||”)1'||”' |”|!|
Be 100um | MI |n|'|||'l Il |||\'| (il

« ELM frequency increases from ~100Hz to ~300Hz
throughout shot (consistent with density increase)

bottom

inboard

« Localized USXR emission bloom robust, post-ELM
feature

__| outboard

shot# 113406
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L4 Type | ELM often Accompanied by Global T, Perturbation

° I - Y ~
Thompson measures drop in T,(r) on the order of 10-20% (AT e ~ ATggge)
- nymeasured before, during, and after ELM shows little change (slight peaking?)
pure conductive ELM? (i.e. nVT change only)
- Neutron response lags T, profile (decline by ~1ms, minimum by ~5ms)
- Not all T, perturbations reach core (e.g. shot 113665 @ 0.377s, 112581 @ 0.537s)
0 L Jo 12581 USXR Hor. Down Chord 7 Filter: Be 100um
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USXR Arrays Allow Tomographic Reconstruction of Type
| ELM Perturbation

~| inboard

Vert. « Be 100um filters focus on core emission

Top

- Reconstructed emissivity consistent with USXR model
— f”tmard- Evidence of redistribution precursor (not always present)
op
|H'| . IIINII
Hor. ( ”| iy ||” il -  Reconstructions before and after ELM show main

Down 1y |J|' ik perturbation activity at inboard side of plasma

|' " ffl 'h:'

m - Two-color analysis necessary for T perturbation study
LI

inboard crash 536.750 o 537,100
4O AR RARERICI AR RRRN RRN
USXR Tomographic before after
Hor. " Reconstruction . ol
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\ 4 Preliminary Analysis Indicates Intensity Crash Begins at
the Inboard of the Plasma Volume

Reconstructed midplane intensity

« ELM erodes “bump” at inboard of plasma

- Perturbation reaches yy, ~ 0.25 (0.7m inboard, 1.27m outboard)

- Neutron flux drops ~1-3%

Relative midplane intensity change

.5390

-

N

-
R

ELM perturbation 0%

.5385

-25%

- Delay of outboard crash indicates fast parallel transport? . |

- ~B0uslag consistent with parallel transport times

- Crossield transport appears slower, ~ few hundredps £ *°|
« Caveat _5370{’
- Spatia resolution limited by spline knots poloidal “Iag”/
_ _ o cross-field =,
- Timeresolution limited by SNR (~50us) propagation

- More events need to be analyzed 5360
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4 MPTS T, profile ‘propagated’ by 2-color USXR modeling

. Pre-ELM MPTS profiles used to fix ng, n, in USXR model

- USXR profiles modeled using C, O and B coronal equilibrium
radiative coefficients and magnetic surface mapping

o mmmee °  Ratio of Be 100um/5um filters sensitive function of T,

RADILS [z}
- 2-color modeling provides T (R,t) with good temporal resolution

Multicolor Ratio

- Tgcrashin pedestal ~40-80%, core ~10-20% (A?T # A—TT >
e

core edg

- Core perturbation consistent with ~20% reduction in neutron flux

a.ag

T e &), Propagated T.(R) matches well with subsequent MPTS profile

Post-ELM MPTS Comparison
T awets | ¢ Limitations of technique

0.6

- Crossed arrays allow only 1-D modeling

T (keV)

O O4-

Assumption of no asymmetric density shifts or plasma movement

0.2F

aXH] 1 1 1 LI,
100 13 120 130 148 150

R (cm)

Set of multi-color arrays would alleviate these limitations



Upgraded USXR set provies good plasma coverage

- High-speed reentrant array boosts fast imaging capabilities

- Some portions of plasma volume still under-sampled

Various ELM phenomena have been imaged using the USXR arrays
- imaging of TypeV ELMs show poloidal propagation

- Typelll ELMs correlate with edge n, perturbation and subsegquent localized
USXR emission bloom

- Typel ELMs often accompanied by aglobal T, perturbation

Preliminary tomographic reconstruction analysis suggests Type | ELM crash
begins at inboard of plasma

Multi-color USXR modeling is a powerful tool for fast T, profile analysis





