Effects of drifts on scrape-off layer transport in W7-X
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Motivation for studying scrape-off layer drifts

W?7-X island divertor: magnetic islands intersect divertors,
exhausting heat and particles
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Island divertor SOL has much longer connection lengths than tokamak SOL
(hundreds vs tens of meters) - perpendicular transport from turbulence and
drifts expected to be important
« EXB drift: resonates with islands = large contribution
* Diamagnetic drift (VpxB): largely divergence-free, and non-divergence-
free component does not resonate with islands - weak contribution
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Simple SOL model with poloidal ExXB drift

In low density plasmas with a simple SOL the poloidal ExXB drift is
dominant - want to model how this drift affects density and flows
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Poloidal transport in
islands driven by vg | and
EXB drift: vg gxp >

Poloidal transport in islands
exclusively driven by poloidal
component of parallel flow:
Vo =y sin(Bp) particles start building up
¢ 0,:field line pitch (~ 0.001) in upper half of island
« Stagnation point at island center  * Net poloidal velocity: .
(halfway between targets)

vy stagnation point
shifts toward X-point
in direction of vg gxp
due to shift of density

(pressure) profile
vg = 0 point shifts
in opposite direction

Vg = Vg, t Vo ,exs

Simple SOL model with vg gxp Poloidal profiles (y = 0. 25)

* 1D poloidal particle and Cs Nmax
momentum transport equations
* Assumes constant vg gxg and Z o Z
constant T, along field lines % ﬁ
Key model results/insights: >_cs -
* Drift strength: ¥ = vg gxp/(2¢s tan 9,,) 0
* Divertor density asymmetry < % é§ :

* v stagnation point shift &< 3y — 4y3
* vg = 0 point shift o —y (implications &
for impurity transport) N
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v stagnation point shift in low-density plasmas

Low density plasmas (1, < 2x10'° m~3) have largely unidirectional flow
pattern that reverses with field direction, consistent with stagnation point shift

predicted by simple SOL drift model

v measured by coherence imaging spectroscopy (CIS)
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CIS measurements imply y = 0.5 - vg gxp = 120 m/s

ift-induced divertor density asymmetry

Density asymmetry between upper and Forward magnetic field

lower divertors is consistent in sign with =3
simple SOL drift model across different 3
topological regions ”g 2
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As n, increases, divertor asymmetry disappears ol
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in island SOL, but increases in target shadow R (m)
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Conclusions

* At low density, poloidal ExB drift causes stagnation point to shift toward X-
point and induces density asymmetry between upper and lower divertors

* As density increases, drift-induced asymmetries decrease in the island SOL but
persist in the target shadow regions
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