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Motivation and Outline
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MOTIVATION - The transient particle and energy loads due to ELMs are a

significant problem for the design of divertors in future tokamak reactors.

— Detailed understanding of the effect of the ELM pulse on the 2D distribution

of radiation in the divertor is needed,
* to validate computer simulations,
* to investigate mitigation schemes.

OUTLINE - A new gated, intensified camera with wavelength filters views the

lower divertor tangentially in DIII-D

Tomographic reconstruction techniques provide 2D ELM profiles
Carbon and deuterium emission during ELM evolution
Compare with ELM heat flux profiles.

Future Plans - obtain the temporal evolution of 2D divertor emission profile
during ELMs.
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Summary (1)

* First 2D images of divertor carbon and D, emission
during ELM obtained on DIII-D

- A new fast gated, intensified camera is now
operating on the tangential view of the lower
divertor in DIlI-D

M jmi} 102452 2250.0(

— Available gate time = 1psec, gain < 20,000

* Initial data images in D, and ClII visible emission
show large changes during ELMs compared
with the profiles between ELMs in the divertor

- Substantial broadening of D, at the outer target

— Transition of Clll emission from strikepoints to X-point

e Qualitative comparison of TTV data with line integrated measurements and heat
flux profiles during ELMs indicates consistency

- Verification and detailed analysis awaits dedicated experiments.
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Summary (2)

o Dedicated 2002 experiments proposed to study divertor and main chamber SOL
ELM effects

Optimize large Type-l ELMs at low frequency

External triggering of camera with variable delay to synchronize camera
gate on ELM evolution

Correlate camera images with other fast lower divertor diagnostics
* Target jg,1; Ngs ta - Floor probes, 19 channels, 1 MHz
 Heat flux radial profile - IRTV (line scan), 9.6 kHz
* Line integrate emission - Filterscopes, 6 channels, 100 kHz
* Volume Ng and Te - Div. Thomson Scattering, 8 channels, 1ns @ 20 Hz

ELM evolution during propagation in the divertor should be measurable

Data will provide critical test of ELM simulation models

o Will attempt to image ELMs simultaneously at midplane SOL and in divertor.
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Discharge Parameters and Evolution
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Emission during ELMs obtained in lower divertor of near

DN g DQ‘ and CIIl - 465nm) and USN discharges gCIII onlﬂ

* Discharges near DN .

— Primary X-point may switch £
from lower to upper divertor
at some times

13

o Gated camera for this
experiment:
DN USN

- Integrationtime 6 100 us

— Approx. gain 10 5K

— 17 msec field rate (30
frames/sec)

— Internally triggered (not
syncronized to ELMs)

—~ Frame time £ 5 ms

.
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Shift of ELM energy from upper to lower divertor is not as
sensitive to dRsep as for peak time averaged heat flux: psio
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Time history shows well matched DN discharges during

time of Clll and D, ELM emission images.
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Line integrated fast D, shows larger ELMs at OSP (fs03)
than at ISP(fs00) in both LSN discharges.
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Line integrated fast D, shows larger ELMs at OSP (fs03)
than at ISP (fs00) in both DN discharges.

107444

i |-:: 1.416 107450 D.-DN | ISE /1 Je

1

g, s o L ;_.: \.‘\.k." et
S0 1320 132320 13409 1350 1320 1375 1360

L=
4
=
B ELM No ELM — >
: 1
o
z

410 2450 2440

]
1
T

SHIY1.e18 107450 E xpt/ k18 107444

S 1320 1230 1353448 135350 15360 15373 13580

_' 45 T: 1B 107344 Clll - USN

B NoELM ELM .

570 IETS 35850 ZEE5 35540 ZEHE 3500

410 2420 24350 Z440 2450 246560

M E Fenstermacher
NATIONAL FUSION FACILITY

DDDDDDDD APS-DPP, 2001 12/18/01 10



ELM Emission Reconstructions - DN
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Clll visible emission between ELMs localized near
strikepoints

Shot 107444 2420ms, imp
o High power ELMy plasma with _0.B M R e I e e e
attached divertors ' ' :

— 100Hz ELMs vs. 60 Hz
camera field rate —-1.0

- Between ELM image not 'E’
verifiable hal
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CllI visible emission during an ELM substantially
different from between ELMs

Emissi I Shot 107444 2450ms, imp
* Emission near strikepoints 0.8 T T >
reduced more than 2.5x o ; ; 5 :

* Local emission near X-point
increases factor of 20 -1.0

Z(m)

o Profile resembles time A ,
averaged detachment profile Y cone = TN S .
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Other CIIlI visible images during ELMs show variety of

rofiles from different ELMs and timing during an ELI.
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ELM Emission Reconstructions - USN
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Lower diver tor CIlll visible emission between ELMs in
USN plasma at low intensit

* Low intensity seen on most
camera frames

Shot 107344 3590ms, imp
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D, emission between ELMs local to outer strikepoint

Shot 107450 1370ms, imp

o Consistent with line integrated —0.8
measurements )
- Some residual ELM effect
may remain ~1.0
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D, between ELMs intensity enhanced by 10x

Tangential view
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D, emission during an ELM shows 15 cm broadening of

profile in the outer SOL at the target
Shot 107450 1320ms, imp

o Broad profile reaches 4 cm flux
surface mapped to midplane -0.8

- Intensity 40x higher than
between ELMs
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Other D, profiles during ELMs show high intensity at
either strikepoint or near the X-point
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Lower divertor Clll visible emission during an ELM in an

USN plasma 10x_emission between ELMs

Shot 107344 3580ms, imp

 Emission (source?) locaized
to inner wall and 45 deg. tiles
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Comparison with Target Profiles



Lower divertor heat flux in near DN shape shows

broad profiles during ELMs Lasnier PSI00

Lower Divertor

* Discharge had dRsep 2.0
sweep from LSN to [
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Target plate Jsat from probes also shows broad profiles
during some ELMs

Upper Langmuir Probe Profiles During ELMs

o Data from upper 2ol
divertor probes
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Broad D, emission on outer target during ELM similar to
broad heat flux profiles observed previously

lon ws Target FPath, Shot=107450, 1370 1320 m

Emiss

1,231 03

1.0 07
a.0x] 0o

G0 oD

Intensity [a.u.]

4.0 00

2.0x] 0o

ssssssss

OSP+

Shot 107450 1320ms, imp
SCE: T DT R ———
__-1.0
E
[ |
-1.2
1. 2 1.4 1.6 1.8
ISP ﬁld]or Radius (m)
Inner wall 4, 45° tile Floor
O 0.6

=

1.0

Foth Length froem CP Down AQUT, {m)

£

M E Fenstermacher
APS-DPP, 2001 12/1801 25



Clll intensity near 45 degree tile during ELM is ~10x
higher than between ELMs

Emission vs Target Faoth, Shot=107344, 3530 3580 m
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Summary and Future Plans
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Summary

A new fast gated, intensified camera is now operating on the tangential view of the

lower divertor in DIII-D
— Available gate time = 1psec, gain < 20,000

Initial data images in D, and ClII visible emission show large changes during ELMs
compared to the between-ELM profiles in the divertor

- Substantial broadening of D, at the outer target

— Transition of Clll emission from strikepoints to X-point

Qualitative comparison of TTV data with line integrated measurements and heat flux
profiles during ELMs indicates consistency

- Verification and detailed analysis awaits dedicated experiments.

Future plans include external triggering of camera with variable delay to synchronize

camera gate on ELM evolution
— ELM evolution during propagation in the divertor should be measurable

— Data will provide critical test of ELM simulation models
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Gated intensified cameras can be installed on either
lower or upper tangential view of the divertors

 Two gated, intensified
cameras are available.

o Lower divertor systems now
use optical relay system
without fiber imageguide.

— Neutron browning effects
eliminated.

- Images obtained for all
DIlI-D shots.

o Similar visible systems now
view the upper, baffled divertor
on DIII-D.

* Both systems provide two
images at different
wavelengths simultaneously.

Dili-D
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Future plans include high speed imaging of ELM evolution
in the divertor and main chamber SOL
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Region

« Use upstream diode to gate
cameras

 Simultaneously image ELM in
main chamber SOL and in lower
divertor

 Follow ELMs through the
edge/SOL by varying trigger delay

« Compare to codes (UEDGE, B2-
Eirene, EDGE2D etc.)
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Fast triggering electronics detects ELM pulse at outer

midplane and triggers gated cameras after variable dela
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