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M easurements performed

All discharges with
-400 KW ECRH heating
Close to iota=0.35
line density 0.5-3 103 cm®
M easurements with and without divertor

Discharge types
-Good confinement (iota<0.35)
-Bad confinement (iota>0.35)
-Good confinement with fast current ramp (2kA in 100ms)
(The current moves the plasma from good to bad confinement)
-Bad confinement with fast current ramp
(Comparison with good confinement +current ramp)
-Good confinement with slow current ramp (2 kA in 700 ms)
(Slowly moves from good to bad confinement)
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Good confinement with fast current ramp
(Bt=2.5T, iota=0.344, Bz=22mT, ECRH 400kW)
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Bad confinement with fast current ramp
(Bt=2.5T, iota=0.362, Bz=22mT, ECRH 400kW)
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Good confinement with slow current ramp
(Bt=2.5T, iota=0.344, Bz=22mT, ECRH 400kW)

Slow current ramp minimizes current penetration effects
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Sow degradation with several phases
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General observations during the confinement
degradation

-Discharges are reproducible
but
Very sensitive to heating mode
-Transition has no internal time constant
-Degradation details are controllable by plasma current
-Transition is roughly the same with divertor as before it

These features indicate that no bifurcation is involved. If the
transition is caused by turbulence, there is no feedback from the

profile changes to the turbulence.

Thisisin clear contrast to the L-H mode transition.
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Diagnostics used in the analysis

CO2 |aser scattering

Line integrated relative density fluctuation frequency
and k spectrum. Flow velocity direction resolved.
Some localisation is provided using the changing
direction of the magnetic field.

Li-beam Beam Emission Spectroscopy

Determines absol ute fluctuation amplitude profile,
temporal, radial and poloidal correlation in SOL and
edge. Limited to structures larger than about 1 cm.
Spatial resolution islimited to 1 cm.

Mirnov coils

Reflectometry

S. Zoletnik File: /nome/zoletnik/w7as_seminar_070102/iota_edge talk_020107.sdd

I [erml

ehacinon - . .
camagrats W i,

il [ / o

e ion M
O I|' ' -30 -104a 10

I||' I [em)

| 25 -
A _2h _

N 2 1 &3

, ® N

R [2m)
- Megabive nequencies
E | Postve fequenches

deflection

plasma plates -
N . .\
i v ‘ e ——
|  ————
3 = /‘I g
Faraday
cup neutralizer
observation

Date: 7 January 2002




General observations with the fluctuation diagnostics
during confinement transition

There are reproducible changes in fluctuation properties
(amplitude, k-spectrum, power-spectrum, flow velocity)
-Fluctuation change with iota modification is identical to
fluctuation change with current ramp

‘The changes are gradual when degradation is gradual

The fluctuation amplitude itself is not correlated with
confinement (not everyl k)

-Large difference in SOL/egde turbulence change with/without

divertor is seen with the Li-beam! (Local measurement)
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Turbulence phenomena analysed

Core turbulence (electron d.d., CO2 laser scattering)

.SOL turbulence (lon d.d., Li-beam)

-Mode-like core phenomena (Li-beam, Mirnov coils)
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Major changes in fluctuations during confinement degradation
Relative weight of large structures (=1cm) increases

-Seen by CO2 |aser scattering as change in slope

of the k'SpeCtrum \‘ . @ Good shot, Interval 1
_ ] e A Good shot, Interval 2
-Exponent correlates with confinement even N O Bad shol, e )
. 1
temporally _
3 1.0
9,
o
e o e f.-"ﬁx\
O - B2 (L
= 4.0 /. e-g "
2 : g ! 0.1
S i = -8 . = & - 3" f Y, '
g | / . 20 30 40 50 60
= 3.5 k [cm™]
‘g 2
ﬂ’ -
. e Tre
~ 3.0 o o
\1\‘\ ) y/
™
0.30 0.35 0.40 0.45 0.50 0.55 0.60
Time [s]

S. Zoletnik File: /nome/zoletnik/w7as_seminar_070102/iota_edge talk_020107.sdd Date: 7 January 2002



Major changes in fluctuations during confinement degradation

(cont'd)
L ong wavelength (k=15cm™) Density fluctuations extend from edge to core

The CO2 laser scattering diagnostics has seen in fast current
ramp discharges that turbulence extends to the core.
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Major changes in fluctuations during confinement degradation
(cont'd)

Poloidal flow velocity decreases in degraded confinement

The CO2 laser scattering, reflectometry and Er field
measurement see adrop in poloidal flow velocity in

the confinement region.

Power spectrum at the bottom of the plasma

in good and bad confinement
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Major changes in fluctuations during confinement degradation
(cont'd)
SOL turbulence behaviour duri ng dﬁradation
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Major changes in fluctuations during confinement degradation

(cont'd)
Poloidal distribution of edge fluctuations

The poloidal distribution is measured by the crosscorrelation of all Mirnov signals with one
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Major changes in fluctuations during confinement degradation
(cont'd)

Mode-like fluctuations
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Temperature profile change during degradation

ECE Temperature profiles
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Picture of confinement degradation

-Good and bad confinement radial regions are present in plasma

-These regions move radially with iota and merge

-Lowest confinement is reached when bad confinement region reaches to
the limiter/divertor

-Mode-like phenomena are probabaly localised to good or bad confinement
regions.

-Poloidal flow velocity changes as aresult of transport change (different

flow velocities with/without divertor.
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Remaining questions and ways to analyse them

-Localisation of mode-like phenomena - ECEI+Mirnov
‘What are the mode-like phenomea? (GAE?)

-|s poloidal flow velocity change a consequence? — modify flow velociy (by NBI?)
-Location of good/bad confinement regions — radial ECRH heating scan, LBO for
particle transport measurement

-Relation between good/bad regions and iota — iota profile modification by
ECCD?

-|s SOL turbulence localised around limiter/divertor strike point in degraded
confinement? — Langmuir probes

-Turbulence behaviour at other iota-edge?
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Ongoing work

Calculation of 2D density fluctuation correlation functions

Modeling of fluctuation signals from fluctuation structures
(smple eddy, streamer, zonal flow...)

Analysis of some CO2 scattering measurements

Calculation of correlations along flux surfaces
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