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,

❷ edge destabilised @LCFS (inside -closed field lines) ; core "unaffected ➞ complex spreading pattern in edge ❸ edge & core turb. meet ➞ core starts "emptying" ❹ SOL becomes unstable @LCFS (outside) ➞ turb. spreads outwards in SOL Flux-driven approach: goal is to allow for phase space exploration, preserving dynamic feedback loops ' core is near-marginal ' edge [ρ " 0.8 Ñ 1] lin. stable ' near-limiter: PVG unstable ˆB B t `vE,θ B B θ ˙pnI q`∇¨Γ I " Inj´Diss.

Framework " Gysela [Grandgirard JCP 06 ; CPC 16] § B Bt p F F F s q ´rH, F F F s s " C p F F F s q `S p F F F s q & Z i δn i `Z δn Z "
' collisional damping: v p & v T § neoclassics ➞ v p , v T 9 ∇T § neutrals ➞ collisional friction ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪
[Gurcan NF 13] Γ I pr , θ, tq "

C ż d 3 v pv ExB ¨∇r q f 2 F M G ,
Symptom of an uneasy problem: when the 'cure' is debatable ' high-quality fast-swept reflectometry

[Clairet RSI 2011]
' mimic conditions TS #45511 ➞ T e ‰ T i , n e , q, s, ν ‹ , S heat , 75% ρ ‹ ë synth. diag. for Gysela: θ " 0 ˘4.

. . long story short:

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪
' inclusion of SOL bound. cond. instrumental ' scan T e , T i , n e , q, b.c. ➞ whence comes the turb.?

, ' mimic conditions TS #45511 ➞ T e ‰ T i , n e , q, s, ν ‹ , S heat , 75% ρ ‹ ë synth. diag. for Gysela: θ " 0 ˘4.

. . long story short: ,

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ' inclusion

  Adding simplified SOL physics. . . without resolving sheath boundary & neutrals ë E r well develops @separatrix [Caschera JPCS 18] ' weak edge transport barrier ' core: ITG or TEM dynamics ' SOL: electron parallel dynamics; miss convection ➞ particule source , Orbit drift: an important player in the establishment of E r well & edge/SOL dynamics ➤ consistent w. common observations: deeper E r well in favourable B ˆ∇B drift ➤ top vs bottom limiter: clear impact on poloidal distribution of fluctuations. . . ➤ . . . no visible impact on overall (surface-averaged) fluxes (so far?) , Staged & nonlinear sequence of destabilisations leads to a globally organised turb. state ❶ core unstable; edge stable ➞ shortfall " solution w/o limiter [Holland PoP 11]

D

  synergies: non additive [Dif-Pradalier PRL 09; Abiteboul PoP 11; Grierson NF13; Idomura PoP 14; Parra PPCF 14; Vernay PoP 12; Oberparleiter PoP 16; McDevitt PRL 13] ' open field line " Scrape-Off-Layer SOL § plasma-wall interaction ➞ E r " ´Λ∇T § ion orbit losses ➞ polarization E r Differences in turbulence behaviour with isotope mass: connected to SOL turbulence? , Staged & nonlinear sequence of destabilisations leads to a globally organised turb. state ❶ core unstable; edge stable ❷ edge destabilised @LCFS (inside -closed field lines) ; core "unaffected ➞ complex spreading pattern in edge ❸ edge & core turb. meet ➞ core starts "emptying" ❹ SOL becomes unstable @LCFS (outside) ➞ turb. spreads outwards in SOL [ongoing. . . ] Combination of near-separatrix PVG & inward spreading linear stability with QuaLiKiz [Bourdelle PPCF 15]

'

  stiffness symptom: large variability of flux response to modest grad. change ' "cure" to shortfall? [Waltz APS 17] or alerting sensitivity ➞ predictability? Different perspective: what ingredients are responsible for edge fluctuations? in particular: how much do core & edge interplay? [flux-driven] , Edge-core interplay " 'contamination' on a global scale: edge (b.c.) is not a mere bound. condition for core [. . . maybe even dominant?] "Academic": 2 different comput., both flux-driven, with different turb. drive adiab. electrons: density fixed, temperature evolves ➞ ∇n controls drive ' spreading of turbulence from core not significant with low core drive ' edge boundary impacts core plasma transport & self-organisation [Dif-Pradalier PFR 2017] ,

''

  of SOL bound. cond. instrumental ' scan T e , T i , n e , q, b.c. ➞ whence comes the turb.? , Turbulence levels in edge: Scrape-Off-Layer (SOL) boundary conditions are key ' mimic conditions TS #45511 ➞ T e ‰ T i , n e , q, s, ν ‹ , S heat , 75% ρ ‹ ë synth. diag. for Gysela: θ " 0 ˘4˝E asy to get? . . . long story short: inclusion of SOL bound. cond. instrumental ' scan T e , T i , n e , q, b.c. ➞ whence comes the turb.? , Turbulence levels in edge: Scrape-Off-Layer (SOL) boundary conditions are key ' mimic conditions TS #45511 ➞ T e ‰ T i , n e , q, s, ν ‹ , S heat , 75% ρ ‹ ë synth. diag. for Gysela: θ " 0 ˘4. . . long story short: inclusion of SOL bound. cond. instrumental ' scan T e , T i , n e , q, b.c. ➞ whence comes the turb.? , Stable edge not destabilised through combination of core spreading ' modification of local parameters No cure observed with: ' increased resolution ' Õ T e {T i ratio ' OE safety factor q [OE magn. shear] ' OE ∇n i How to explain fluct. levels with SOL?

  

  

  

  

  

  How does then turbulence contaminate the stable edge? ➞ combine near-separatrix instability & inward spreading ' drift & limiter ➞ poloidal asymmetry ➞ instab. near limiter @separatrix ' fluct. advected by flow; complex fill-in pattern [limiter ➞ top ➞ mid-plane] ' turb. "contamination" of (marginally) stable edge

	ˆB B t	`vE,θ	B B θ	˙rnI s`∇¨Γ " Inj´Diss. ;	Γpr , θ, tq " xvnI y " [Mattor PRL 94; Gurcan NF 13]	C	ż	v ExB,r	f 2 F M	G
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Staged & nonlinear sequence of destabilisations leads to a globally organised turb. state ❶ core unstable; edge stable ➞ shortfall " solution w/o limiter ❷ edge destabilised @LCFS (inside -closed field lines) ; core "unaffected ➞ complex spreading pattern, mostly inward [Kadomtsev 65; Garbet NF 94, Hahm PoP 05] ❸ edge & core turb. meet ➞ core starts "emptying" ❹ SOL becomes unstable @LCFS (outside) ➞ turb. spreads outwards in SOL , ' later: edge-enhanced core spreading [edge fluct.: channel for core emptying] , Staged & nonlinear sequence of destabilisations leads to a globally organised turb. state ❶ core unstable; edge stable ➞ shortfall " solution w/o limiter ❷ edge destabilised @LCFS (inside -closed field lines) ; core "unaffected ➞ complex spreading pattern in edge, mostly inward ❸ edge & core turb. meet ➞ core starts "emptying" ➞ spreading in & out ❹ SOL becomes unstable @LCFS (outside) ➞ turb. spreads outwards in SOL Staged & nonlinear sequence of destabilisations leads to a globally organised turb. state ❶ core unstable; edge stable ➞ shortfall " solution w/o limiter ❷ edge destabilised @LCFS (inside -closed field lines) ; core "unaffected ➞ complex spreading pattern in edge, mostly inward ❸ edge & core turb. meet ➞ core starts "emptying" ➞ spreading in & out ❹ SOL becomes unstable @LCFS (outside) ➞ turb. spreads outwards in SOL Staged & nonlinear sequence of destabilisations leads to a globally organised turb. state ❶ core unstable; edge stable ➞ shortfall " solution w/o limiter ❷ edge destabilised @LCFS (inside -closed field lines) ; core "unaffected ➞ complex spreading pattern in edge, mostly inward ❸ edge & core turb. meet ➞ core starts "emptying" ➞ spreading in & out ❹ SOL becomes unstable @LCFS (outside) ➞ turb. spreads outwards in SOL Conclusions ➤ penalised limiter ➞ simplified SOL: e ´∥ dynamics; miss convection & neutrals ➤ interplay btw SOL, edge & core ➞ key for edge, impacts core & SOL ➞ spontaneous weak transport barrier " E r build-up; ➞ steepness E r affected by ion B ˆ∇B drift wrt limiter poloidal position ➞ staged development of turbulence " clarifies spreading controversy ' limiter: edge Ñ core ; core Ñ edge ; SOL unstable & core/edge Ñ SOL ' edge stable w/o limiter;

. . . the symptom of an uneasy problem " easy to under-predict fluct. levels in the edge