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DENSITY LIMITS - THE PHYSICS PROBLEM

Disruptive limit from edge cooling = current profile shrinks

Hypothesis: Density or collisionality dependent transport = edge cooling
No widely accepted first principles theory available

Not even agreement on critical physics

How about the role of radiation cooling? Py oc n2 f,R(T,)

— Power and impurity dependence too strong = n;, o \/P,N/(ZEFF -1)
— Threshold mechanisms (MARFEs, detachment, etc) show up well below
density limit

— Transport assumptions: ad hoc at best



TURBULENT TRANSPORT IN EDGE INCREASES WITH COLLISIONALITY

°* Two regimes observed in scrape-off
layer (SOL)

— Near-SOL.: steep gradients, Te high
— Far-SOL.: flat profiles, Te low
° Particle flux and transport
— Near-SOL.: cross-field transport low
— Far-SOL.: cross-field transport high
° Fluctuation changes character

— Near-SOL: low amplitude, short

correlation times and lengths

— Far-SOL: large amplitude, bursty,

long correlation times

100/'

80 Te (eV) _f
60 | —
40 —
307
2.5 /

2.0

4
3

2F E
1

OE

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
rho (cm)



Isat/<Isat> from probe

R NO FP NOF NOFP NOPFP N

. ]
@
€1.0 Limiter =3
o Shadow
N -
o
A\
0.2

BURSTY TRANSPORT DOMINATES SOL
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WE CAN VISUALIZE THE FAR-SOL FLUCTUATIONS - BLOBS

e Fast CCD camera images, | projection of
separatrix outboard limiter
4 usec framing time
gas puff
nozzle

e D, gas puff = localization

e Large "blobs" dominate far-
SOL
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AS THE DENSITY LIMIT IS APPROACHED, HIGH TRANSPORT REGIME
CROSSES SEPARATRIX AND MOVES INTO MAIN PLASMA

Has the potential to explain range

of density limit phenomena

Fluctuations can cool edge,

eliminate edge shear layer

Note: Cooling will precipitate
MARFEs, detachment if they have

not already occurred.
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MAGNITUDES OF TRANSPORT PARAMETERS CORRELATE WITH ng/ng

Data at 2 mm into SOL
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SOME SUPPORT FROM EDGE TURBULENCE SIMULATIONS

Non-linear 3D gyro-fluid simulations have found regime of extremely high

transport
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No quantitative predictions yet



SUMMARY: We think there is a plausible case for turbulent transport as the

critical physical mechanism for the density limit.

Where do we need to go next?

® General question: can we understand the important drives and saturation
mechanisms for edge turbulence at high density?
— What is the role of open field lines and the separatrix? (see Xu Ul2.003)
— Role and dynamics of edge shear layer
— Does model require that complex transport physics boil down to the "correct"

form? Or is it robust with respect to details?

e Where does Ip (or Bp) dependence come from?

— ExB

— OUMHD

e Can we identify a reasonable threshold condition to compute limit?
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