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Energy confinement in the MST is limited by both plasma core and edge originatingEnergy confinement in the MST is limited by both plasma core and edge originating
fluctuations.  Early experiments with Pulsed fluctuations.  Early experiments with Pulsed PoloidalPoloidal Current Drive (PPCD) were Current Drive (PPCD) were

effective in controlling core fluctuations.  But during this PPCD, burst-like instabilitieseffective in controlling core fluctuations.  But during this PPCD, burst-like instabilities
prohibited further reduction in transport.  These bursts, which are associated withprohibited further reduction in transport.  These bursts, which are associated with

edge localized, m=0 mode activity, can be controlled by maintaining a parallel electricedge localized, m=0 mode activity, can be controlled by maintaining a parallel electric
field at the edge of the plasma.  Modifying PPCD appropriately has reduced thermalfield at the edge of the plasma.  Modifying PPCD appropriately has reduced thermal

transport even further and increased confinement time.transport even further and increased confinement time.

This work was supported by the U.S. D.O.E.This work was supported by the U.S. D.O.E.
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Outline

•• Full Full TTee profile measurements in 300 kA standard plasmas profile measurements in 300 kA standard plasmas

•• MSTFIT is a fully MSTFIT is a fully toroidal toroidal equilibrium codeequilibrium code

•• Confinement improvements limited by burst-like instabilityConfinement improvements limited by burst-like instability

•• Improvements in PPCD lead to higher confinement in 200Improvements in PPCD lead to higher confinement in 200
kA and 400 kA experiments (1999)kA and 400 kA experiments (1999)

•• Thermal conductivity resultsThermal conductivity results

•• Particle flux resultsParticle flux results

•• Energy confinement time scalingEnergy confinement time scaling

•• Summary/ConclusionsSummary/Conclusions
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Full Te profile measured in 300 kA plasmas

•• First 14 point First 14 point TTee  profile hasprofile has
been made on the MSTbeen made on the MST

•• When mapped onto MSTFITWhen mapped onto MSTFIT
reconstructed flux surfacereconstructed flux surface
coordinates (coordinates (ρρ), there is a clear), there is a clear
anisotropy in the profile.anisotropy in the profile.

–– Appears to be local, off-axisAppears to be local, off-axis
“hotspot” on the outboard side“hotspot” on the outboard side

–– This has also been seen in 200This has also been seen in 200
and 400 kA standard plasmasand 400 kA standard plasmas
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MSTFIT and transport quantities

•• MSTFIT is a fully MSTFIT is a fully toroidaltoroidal
equilibrium reconstruction andequilibrium reconstruction and
transport analysis codetransport analysis code

–– From measurement of F, From measurement of F, θθ, , IIpp,,
B(a):  can find j, B(r), etc.B(a):  can find j, B(r), etc.

–– Including Including nnee(r) and (r) and TTee(r)(r)
measurements:  can extractmeasurements:  can extract
transport quantitiestransport quantities

–– ZZeffeff(r) and (r) and TTii(r) are estimated(r) are estimated

•• Transport in this “dirty” plasmaTransport in this “dirty” plasma
is particularly badis particularly bad

––   χχEE  is higher than typical MSTis higher than typical MST
standard plasma by ~x5standard plasma by ~x5

––   ττEE~0.6ms~0.6ms
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PPCD improvements limited by burst-like instabilities

•• Each burst correspondsEach burst corresponds
to generation of to generation of toroidaltoroidal
magnetic flux, likemagnetic flux, like
sawtooth sawtooth crashes duringcrashes during
standard dischargesstandard discharges

•• Increase of Increase of ohmic ohmic power,power,
radiation, central flux, etc.radiation, central flux, etc.
contributes to degradedcontributes to degraded
energy confinementenergy confinement

Surface poloidal
electric field ∝  

d<Bt>/dt

Estimated ohmic  
input power
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Improved PPCD due to burst suppression

Time (ms)
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•• PPCD has changedPPCD has changed

–– 1993 1993 ∆∆t t between bursts < 1 msbetween bursts < 1 ms

–– 1996 1996 ∆∆tt between bursts < 3 ms between bursts < 3 ms

–– 1999 1999 ∆∆tt between bursts ~ 10 ms between bursts ~ 10 ms

•• As long as As long as EEparallelparallel  is sustainedis sustained

•• Suppression for ~ 10 ms dueSuppression for ~ 10 ms due
primarily to better/longerprimarily to better/longer
sustainment sustainment of edge parallelof edge parallel
electric field, electric field, EEparallelparallel  = = E•BE•B/B/B

•• EEpolpol  simply not allowed to decaysimply not allowed to decay
to zero between PPCD stagesto zero between PPCD stages

•• EEtortor  reversed following PPCDreversed following PPCD
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Te, Xe profiles at 200 kA

•• TTee  peaks strongly during PPCDpeaks strongly during PPCD

••   χχee is reduced throughout the is reduced throughout the
bulk of the plasmabulk of the plasma

•• Off-axis “hot spot” apparent inOff-axis “hot spot” apparent in
200 kA standard200 kA standard profile profile

•• Extreme edge Extreme edge TTee(a) and (a) and nnee(a)(a)
drop during PPCD to furtherdrop during PPCD to further
steepen steepen edge gradientsedge gradients

–– As measured by As measured by LangmuirLangmuir
probeprobe
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Particle transport is also improved in burst free PPCD
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•• In standard dischargesIn standard discharges

– Density profiles are flat in the core
with a steep edge gradient.

– Electron source is dominated by
ionization of neutral hydrogen and
is quite broad with substantial
sourcing in the core.

– Radial Particle flux ranges from
~2x1020 to about 3x1021 at the
edge.

• In PPCD discharges
– Density profile hollows slightly in

the core and gradient at the edge
steepens.

– Electron source drops over an
order of magnitude.

– Radial particle flux also decreases
with the most dramatic reduction
seen in the core.

N.E. Lanier, PRL ***
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PPCD compared to Standard plasmas

   I Ipp           <     <nnee>> TTee,0,0  W W   ββtottot     ττEE         ττpp

(kA) (kA)  (10 (101919 m m-3-3)) ((eVeV)) (kJ)(kJ)  (%) (%) (ms)(ms)  (ms) (ms)

StndStnd.. 210210      0.8     0.8 200200 1.91.9   6.3  6.3  0.8 0.8   0.6  0.6

PPCDPPCD 210210      0.7     0.7 546546 4.74.7 12.612.6  6.5 6.5   4.7  4.7

StndStnd.. 305305      1.1     1.1 200200 2.62.6   3.9  3.9  0.6 0.6    ---   ---

StndStnd.. 430430          1.0 1.0 400400 4.44.4   3.3  3.3  1.0 1.0     ?    ?

PPCDPPCD 390390          1.0 1.0 770770 8.98.9   8.0  8.0  4.8 4.8     ?    ?

•• Assumed Assumed ZZeffeff(r) = 2 for all cases(r) = 2 for all cases

•• Assumed Assumed TTii(r) = (1/4)(r) = (1/4)TTee(r) for PPCD(r) for PPCD and  and TTii(r) = (1/2)(r) = (1/2)TTee(r) for(r) for
Standard casesStandard cases
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RFP confinement time “constant β” scaling

•• Assumed Assumed ZZeffeff(r) = 2 for both(r) = 2 for both
PPCD ‘99PPCD ‘99 cases cases

••   ττEE of  of 210 kA PPCD ‘99210 kA PPCD ‘99
exceeds “constant exceeds “constant ββ” scaling” scaling

•• Need Need ZZeffeff(r) = 11 (unlikely),(r) = 11 (unlikely),
for for 210 kA PPCD ‘99210 kA PPCD ‘99 to fall to fall
on the scaling lineon the scaling line

•• PPCD ‘96PPCD ‘96 case had  case had TTee(0) =(0) =
615 615 eV eV at 440 kA, while at 440 kA, while 390390
kA PPCD ‘99kA PPCD ‘99 has  has TTee(0) = 770(0) = 770
eVeV

•• uncertainty lies in uncertainty lies in PPohmicohmic  andand
in in TTii(r)(r)
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Conclusions

•• Off-axis “hot spot” of electrons is apparent in the outboardOff-axis “hot spot” of electrons is apparent in the outboard
side of MST during standard dischargesside of MST during standard discharges

•• Control of bursts in the plasma edge during PPCD has ledControl of bursts in the plasma edge during PPCD has led
to increased confinement in the MSTto increased confinement in the MST

––   ττE E increases by factor of 5, far above “constant increases by factor of 5, far above “constant ββ” scaling” scaling

––   ττpp  increases by factor of 8increases by factor of 8

•• Improved measurements will allow more accurateImproved measurements will allow more accurate
calculation of calculation of ττEE, , ββ
–– PPohmicohmic from  from ηη jj22, based on , based on ZZeffeff, , TTee  profiles or FIR profiles or FIR polarimitrypolarimitry

–– measure B(r,t) with MSE, measure B(r,t) with MSE, EErr  with HIBPwith HIBP

–– TTii(r) should soon be measurable in MST(r) should soon be measurable in MST

•• Rutherford Rutherford scattering for majority ion species scattering for majority ion species TTii

•• CHERS for impurity ion CHERS for impurity ion TTii

The slides from this talk are available online at:
http://sprott.physics.wisc.edu/biewer/RFP2000.pdf


