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Background & motivations

Geometric asymmetry in tokamak H-mode access -

Power threshold for L-H transition reduced / increased
If lon magnetic (B x VB) drift toward / away from active X-point.

Also edge flows are sensitive to topology

> E.. well deeper in Fav. than in Unfav. [1-3]
> Possible mechanism: Reynolds stress through tilted eddies!4-°]

The present multi-device experimental study

Btor
= — B >_<FVB
H
o I

- "Favorable" vs. "Unfavorable" magnetic geometry (or topology)

> Sheared flows: key role in turbulence regulation and confinement transitions

> At plasma boundary, formation of E,. X B shear layer, associated with E,. "well"

> Seeks to clarify the origin® of the modified E, structure & link with L-H transition
» Now Includes also E,- data from TCV, examined here and compared with WEST

Experimental method: E, measurements on WEST & TCV
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Access to E, profiles from
Doppler backscattering (DBS):

TCV tokamak

Smaller, flexible geometry
Carbon wall

High power density heating
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DBS on TCV

Quasi-optical
launcher 7]

Dual V-band
O- or X-mode
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> Detects microwave scattered off density

fluctuations () around radial cutoff
> N are advected by E.. X B velocity
» Dopplershift > v, = E,./B

cutoff

» Both DBS systems from LPP, comparable hardware

» X-mode: k; € [4,10] cm~! (~2x higher for WEST)
- ~similar k, p;~[0.5,1.2] @ T, = 100 eV

> Different beam properties, plasma region differs slightly
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DBS
antenna

WEST tokamak

= Strong ripple (6<2 %)

= High aspect ratio (4A=5)

= Tungsten wall

@ WDopp = kiv,

DBS on WEST 8]
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Example of matched LSN Ohmic discharges in Fav. vs. Unfav. B X VB
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> Deeper E, well in Fav., for similar kinetic (edge) profiles é’0°25
> Consistent with WESTIH and AUG?3lresults 0.0¢
> But difference in v, not always very pronounced
> Edge/SOL fluctuation levels from THBP! insensitive to B x VB
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E. X B flow asymmetry along I

Motivated by WEST [1.10]

LSN Fav.
TSI results we confront WEST | sy unfav.

device topology
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Clear deepening of E,. with I, in Unfav. (not only Ohmic) discharges
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Shallower well at high current,

low and intermediate L.

No clear distinction between
Fav. and Unfav. trends

() Courtesy of A. Balestri.
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» Linear gyrokinetic analysis with GKW!*4 at p,, = 0.9 - TEM dominated @

> Nonlinear gyrokinetic simulations of ITG turbulence in circular geometry!13l:
= E, decreases with I, x g~* (but less pronounced than in experiment)

» E, mainly driven by turbulent R.S. (< g~%°), while competition with
neoclassical flow damping (< g'~4) invoked to explain trend with g
> Why this sensitivity stronger in Unfav. not clear

(@ Courtesy of P. Manas. For a representative USN WEST discharge (#55622). Missing T; profiles, and n, profiles should be refined.
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Experimental trends are not consistent:
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» NB: additional helicity scan shows no impact on E,.
> Edge density increases with I, (at fixed n;) = difficult to isolate effect of I,

» Linear gyrokinetic analysis with GENE! at p,, = 0.9: TEM dominated ®)
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Well becomes shallower with I, at TCV, not deeper as on WEST (for Unfav.).

Evolution approaching the L-H transition
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In favorable configuration
> Similar trend at 210 kA

Matched fav./unfav. LSN, L, =150kA

Co-current injected NBI ramp
—
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> E,. deepens & inner shear increases » Compatible with H-mode turbulence

suppression localized in inner E X B
shear layer [1°]
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Summary Outlook

» TCV L-mode plasmas display flow
sensitivity to fav./unfav. geometry as
for WEST, AUG - robust feature

» Ohmic I, scan replicated on TCV,

showing discrepancies w.r.t. WEST
» Heating ramps on TCV support the
iIdea of facilitated H-mode access in
fav. due to increased E, X B shear

>

TCV & WEST: Clarify E, sensitivity to
density/ collisionnality in Fav. vs. Unfav.
Extend I, scan to AUG

Fluid edge simulations desirable
Apply O. Groverl®! model to WEST &

TCV

Investigate link between topology and
shaping effects [16]
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