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- Every tokamak must initiate and terminate its discharge in a limiter configuration the SOL widths.
Objectives
#60529 | Power Scan (T,) Le1o #60529 | Power Scan (ne) #60529 | Density Scan (Te) Le1o #60529 | Density Scan (ne)
* Investigate transport across different WEST plasma regimes in limiter configuration o = =
- Characterize relevant observables decay lengths for extrapolating to future devices " - = . o
S _ GE 0‘8_; % 7 mE 0.8
Simulations < o 2 oo < 3 s
Dedicated WEST limiter discharges #60529 and #60560 (By ~ 3.7T, I, = 300 and 700 kA,
PSOL ~ 160 and 560 kW; respeCtlver), analyzed US”’]g LangmU|r prObeS embedded |n the 015 ~0.10 0,05 0.00 0.05 0.10 045 020 015 010 0,05 0.00 0.05 0.10 0.15 0.20 ~0.15 -0.10 =0.05 0.00 0.05 0.10 0.15 0.20 0115 010 0,03 0.00 0.05 0.10 0.15 0.20
PFCS’ in ITER-Iike COnﬁguration. 700? #60560 | Power Scan (T,) . 619 #60560 | Power Scan (ne) . N #60560 | Density Scan (Te)n_30% 51619 #60560 | Density Scan (ne)n_so%
RESULTS | o
. . . . — 400+ S 400 IE 4_;
Comparison w.r.t. experimetal data to extrapolate effective transport coefficients D, y.. ; ; 2
— sim #60529  --- exp #60529 = sim #60560 ---' exp #60560 1004 jzz j
E 5_: O——O.15 —-0.10 —-0.05 0.00 0.05 0.10 0.15 0.20 ;0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 O——0.15 -0.10 —-0.05 0.00 0.05 0.10 0.15 0.20 O——O.15 —-0.10 —-0.05 0.00 0.05 0.10 0.15 0.20
1.50- ] R = Rsep (m) R = Rsep (m) R = Rsep (m) R = Rsep (m)
1.257 4-
] ] [ == A= = — fmmmml | | e —— ey
1.00- v 37 6] e et B e
i < ) | R =y 4| — #60560 Near: a= —0.00 2]
0.75-: 2 > == #60560 Fara=-006 | |
0.50: X g bt -5 O 0 A
i - (&) ' ' S i S o
oz N 3 e e | c — 4.
0.0 0.2 0.0 0.2 g 8:2: — #60529 Near: a = —0.16
R — Rsep (m) R — Rsep (m) 21— 1 . 07| poomeras 0%
1 o — é f - S S—- =3 0.6{ —— #60560 Far- a= —U08° —_—
—— sim #60529 }  exp #60529 —— sim #60560 exp #60 120_: x 0.7 0.8 0.9 1 0.7 0.8 0.9 1 0.7 0.8 0.9 1
1 1 ; PsoL/PsoL, ref PsoL/PsoL, ref PsoL/PsoL, ref
8 60 - 100 -
1 : D . 6] Bmm——m—E———— e — - A — = 5{ —— #60529 Near: =018 s — = = -#— == =~ —— #60529 Ngar: B.= 0,18 — —it= — i = = = =
~ E 80 - i D —————————— = "#60529 Far: B=0.28 9] ——= #60529 Far: B =0.27
|  6- gy i 51 mmm=————8——"77 4] —— #60560 Near: B =0.31 —— #60560 Near: B =0.56
g S 40- i 604 sim #60529 | — — #60560 Far: B =023 = #60360 Far:p=017  ____
S':D 4- L - t  exp #60529 _ —— #60529 Near: B=0.17 | — 3] S
= o . ~ 40 sim #60560 & 3- -- #e0s29Far:p=025 |H | e a—--- 5
- © : ~ —— #60560 Near: =074 |~ | m==——"7"7"" ~ S = - e
I~ 27 * 1 = 20 - I exp #60560 < — = #60560 Far:BB=O.12 ,<°2a < o.g —
] ] ’ ] 2- 0.8
0- 0 : 0 o7
| L L LI R | LS LN LI R r - - - 1 1 & T 1 T T —— I Q 0.61
-1.0 -05 0.0 0.5 -1.0 =05 0.0 0.5 ~1.0 ~0.5 0.0 0.5 / — —— = o /
Z (m) Z (m) Z (m) 0.7 0.8 0.9 1 0.7 0.8 0.9 1 0.7 0.8 0.9 1
ne/ne, ref ne/ne, ref ne/ne, ref
== #60529 Exp Profiles ===+ #60560 Exp Profiles @ Langmuir #60529
o  #60529 Sim Data o  #60560 Sim Data A Langmuir #60560
 et0sz9 s a0 T R . T R  #60529 - power scan: all decay lengths show slightly negative scaling with Pgoy,
e S A A 2 Soosan -0t e (la| ~ 0.14-0.26); same response for near and far SOL, consistent with a sheath-limited,
== #60560 Ar=6.39 cm - == #60560 Ar=4.95 cm 1022_ Ooo == #60560 Ag=2.29 cm . . . . L.
102 ~ ° diffusion-dominated regime (weak power sensitivity)|[1, 9, 10];
.
S f Lo21 - » #60529 - density scan: decay lenghts increase moderately with n/n, ,c ference (B ~ 0.18-
- ~ T~ 0.28) accordingly to [9], near and far SOL showing comparable sensitivity, no pronounced
: ~e )
10+ L 10%- S O two region structure;
G K\\ . . .
N » #60560 — power scan: stronger near/far bifurcation; near SOL with steep thermal scal-
: 107 ° ing (a7 ~ —0.38) but density seems power independent; no far SOL response for all
100"|"'|"'|"'|"' 1017"|"'|"'|"'|'O'0' - 1t - 1 1 1 o 0
0 2 4 6 0 2 4 6 0 2 4 6 quantities (Ja| < 0.10);
R — Rsep (Cm) R — Rsep (Cm) R — Rsep (Cm)

- #60560 — density scan: near SOL exhibits strongly enhanced sensitivity, while far SOL
#60529 (low P, n): has weak response (opposite to shot 60529).

- high y. in the SOL drives cross-field heat diffusion: broad, single temperature profile

, , Conclusions & Outlooks
with no clear near/far-SOL separation;

* Near-SOL heat flux width in high-P case narrower than in low-P, consistent with the nar-
rowing of the heat channel in conduction-limited limiter plasmas reported on Tore Supra
and JET [11, 9];

* localized sink in D and y, profile at the LCFS observed in both scenarios, consistent
with transport barrier generated by E x B flow shear [6, 5];

« in #60529 far SOL responds slightly more than near SOL; in #60560 the near SOL dom-
inates response, especially to density suggesting a regime change driven by higher /7,
and collisionality [12, 8];

- low radial density broadening compatible with an almost uniform D profile, weak spatial
variations across the SOL (1, ~ /D, - L;/cs);

* Agnear/ AT near = 0.19 < 2/7, compatible with a sheath-limited regime where parallel heat
exhaust is mainly conserved (7, =~ T;) [1, 2, 3];

*low I, (weak B,) associated to longer and more uniform L across the SOL: weak radial
variation of parallel losses and near/far-SOL behave as a single transport region [4].

#60560 (high P, n):

- sink y, near separatrix narrows the near-SOL T channel, produces a strong near/far

_ _ | . - shots differ in plasma current 1,,, implying distinct L, B, structure and edge magnetic
thermal separation: signature of the localized turbulent suppression [5, 6];

geometry, all of which modulate SOL width and the near/far transport balance [11, 3].
* higher D in the far-SOL (w.r.t near-SOL) acts as a macroscopic proxy for convective

transport driven by filamentary structures (blobs) [7, 8]; - extension to a wider shots dataset and parameters scan;
* Agmear/ AT near ~ 0.38 > 2/7, compatible with a conduction-limited regime with an opaque - activation of drift terms, known to affect poloidal asymmetries and particle flux direc-
plasma and recycling neutrals stopped close to the LCFS [1]; tionality in SOL.

* higher 1, (1 B,), consistent with | L and 7 radial variation of parallel loss rates; morede-  peferences
fined near-SOL while far-SOL more weakly constrained, clear two-region SOL structure.
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