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Collisionality Effects on Particle Transport
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Low Density H-Modes Accessible With

“Unusual” Shape

(10%/m’)
OO0 =

O -

(Mw)
O=NW O WU =NWE OO WU
|

0.0 0.5 1.0 1.5 2.0
Time (sec)

With this shape, large ELMs appear in C-Mod
nng =03, vx=0.1, v,=04, v,~10
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H-Mode In Standard C-Mod Shape
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EDA (QC mode) and small ELMs
n/ng = 0.66, v¥ = 0.8, vz =25, v,1~70
(2%, 8%, 6 X, 7x lower density H-mode)
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Lower Density H-Modes Show More Profile Peaking
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Difference In Profile Shape Is Notable

Peaking is seen over outer
60% of plasma radius

H-mode profiles evolve
quickly; t << a/Vyyare

Transport in center of plasma
may be affected by sawteeth

— These are of large
amplitude; 8T /T, ~ 25%

Radii chosen to characterize
peaking in ASDEX-U are
appropriate for C-Mod profiles

So, collect a database and
plot results....

Normalized Density Profile
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Low Density H-modes Are Accompanied By ELMs
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Cause and effect are not clear...
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Even In Low-Density H-mode, T, ~ T,
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In Low Density H-modes
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Collisionality

Collisionality in Low Density H-modes
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Energy Confinement in Low Density H-modes
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ELMs in Low Density H-modes

magnetics Fluctuations for Shot 1060510008

Channel = BP1T_GHK
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Temperatures In Standard Density H-modes
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In Standard Density H-modes, n,(0)=fi,~(n,)
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Collisionality in Standard Density H-modes
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Energy Confinement in Standard Density H-modes
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EDA in Standard Density H-mode

magnetics Fluctuations for Shot 1050426022
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Trend Of Increased Density Peaking At Low
Collisionality Is Observed For ICRF Heated
H-Modes In C-Mod
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n/ng Is Apparently Not A Good Scaling Parameter For
Comparing C-Mod and JET Peaking

Note horizontal separation of data sets
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C-Mod Data Is Consistent With Previously Published
ASDEX-U and JET Data
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Density Limit Does Not Appear To Be Good
Scaling Variable
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Data With NBI Heating (Fueling) Shows More Peaking
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Including NBI Data Makes Match To Density Limit
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State Of Theory/Computation

e ITG/TEM turbulence can predict inward particle flux in the
collisionless limit (Quasi-linear calculations: Angioni, Phys.
Plasmas 12, 112310, 2005)

— Thermodiffusion mechanism (Coppi, PRL 41, 551,1978)

— Driven by VT, for R/L; > R/L,

— “Pinch” disappears at higher collisionality

— Depends on relative strength of ITG and TEM (L1, n, v, T./T))

e However: collisionality range with density peaking is predicted to
be about 30 x smaller than what is seen in experiments

e Nonlinear GK simulations see pinch at experimentally realistic v,
but only by lowering L /L, (Estrada-Milna, Phys. Plasmas 12
022305, 2005)
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State Of Theory/Computation 2

e Simulations of C-Mod discharges with GYRO have begun
e (Extremely preliminary results)

— patrticle diffusivity ky,ps spectrum extends to unusually
large values.

— The current runs show no peak up to k,p, =1

— the normalized particle diffusivity is small (absolute
value ~ 0.1 perhaps < 0).

— Increasing the range of k, will apparently push the
particle flux farther in the negative direction (toward a
pinch).
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Summary

e Significant density profile peaking seen at low collisionality
e Trend and values match data from ASDEX-U and JET

— Lack of NBI fueling does not affect result

— Lack of Ware pinch does not affect result

— Result holds for Ti ~ Te

— Work extended to higher neutral opacity (ITER-like)

— Addition of C-Mod data suggest that v is appropriate scaling
variable rather than n/ng (These are strongly correlated,
especially on any given machine) — Good news for ITER

e Effect of shaping?

e Installation of cryopump and increased LH power will allow substantial
extension of this work.
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Same With Respect To JET Data....
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