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Introduction Plasma exhaust remains a major challenge in magnetic confinement fusion, as
an unmitigated heat flux reaching the wall in future reactors is predicted to greatly exceed ma-
terial limits. Alternative divertor configurations are being developed on current devices, should
the current exhaust solution, featuring a single null (SN) configuration, not scale to reactors such
as DEMO. One such configuration is the Snowflake minus Low-Field Side (SF-LFS) [1, 2] that
features a secondary X-point in the common flux region. This increases the number of strike-
points and creates an enlarged region of low poloidal field, which is expected to give rise to
greater radiative losses and lower target temperatures [3]. In TCV, the SF-LFS exhibits reduced
peak outer target heat fluxes with respect to the SN configuration, as measured by Langmuir
probes (LPs) [4] and the infra-red thermography system [5].

The effect of N, seeding has been explored in TCV for the SN, achieving detachment with
target heat flux reductions of up to 90% [6]. Furthermore, it is seen that scrape-off layer power
radiation increases and a stable X-point radiator forms, as observed also in ASDEX-upgrade [7].
However, N; seeding can lead to core penetration at low densities [6], diluting the plasma core.
In the SF-LFS in TCV, N, seeding can result in a radiation zone between the two X-points [8]:
does this offer a route to better divertor-core compatibility?

Discussion TCV has installed gas baffles to increase divertor closure, leading to a higher
divertor neutral pressure and a reduced core density detachment threshold for a given SN con-
figuration [9, 10]. A large flux expansion in the SF’s inter-null region makes this geometry
difficult to baffle without large fluxes impinging upon the outer baffle, as recorded in the 2019
TCV baffle campaign. A more ‘baffle-compatible’ SF-LFS geometry (ohmic, L-mode, 1,=250
kA, core density of < n, >=4.5 x 10m~3) was thus developed for the 2021 baffle campaign
(Fig. 1). LP target ion saturation current, Jy,, profiles demonstrate a reduced baffle interac-
tion and improvement in target coverage in the ‘baffle-compatible’ case. The SF-LFS divertor

neutral pressure increases with baffles (Fig. 2), similarly to that for the baffled SN [9].
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This increase in divertor neutral pres-
sure leads to a reduction in target 7,
at both active outer strike-points (SP2,
SP4) of the SF-LFS (Fig. 3). Here,
the peak ion flux is only slightly re-
duced, but the total ion flux is largely
unaffected. The peak and total heat
flux are, however, reduced by over a
third with respect to unbaffled configu-
rations, with equal relative reductions at
both outer strike-points (SP2, SP4). The
power sharing relation between SP2
and SP4, controlled by the SF X-point
separation, is clearly not affected by the

presence of baffles. Therefore, the ‘op-

Secondary separatrix
Va

x10%
" FSFLFS from R
& 1 2019 baffle
£ \ campaign
q‘éz‘/\i
0 —L——&I s - \
1105 11 11 A
<104 ‘Baffle
¢l °' compatible’
< | %1, SF-LFS 2021 Outer
4 & baffle
R AR |
— : % SP2 ‘SP4
0 > L__,,,,» /

Figure 1: Right: Equilibrium reconstruction of SF-LFS
separatrices in the TCV vessel from the 2019 (purple) and
2021 (green) baffle campaigns. Wall-embedded LPs are
plotted at SP2, SP4 and the LFS baffle. Left: LP Js, pro-
files, where points with black outline represent the new baf-
fle tip LP, installed for the 2021 campaign.

timal’ X-point separation, where the total or peak heat flux is equal at each active outer strike-

point, remains similar with and without baffles.

A close-to-optimal SF-LFS (in terms of peak heat flux) is now compared with a SN configu-

ration of similar density. Target T, profiles of the outer SF divertor closely match that of the SN

(Fig 4). Ion and heat flux profiles highlight an advantage for the SF; the outer flux is directed

to two strike-points, thereby reducing the power load and peak heat flux. However, at the inner

target, this SF-LFS sees an 83% increase in peak heat flux with respect to the SN, largely due to

an increase in peak target T,. Further analysis will investigate whether the outer target heat flux

reduction is due to increased radiation levels and/or simply redistribution to the inner target.

With N, seeding, we see a reduction in outer tar-
get ion flux, power load and electron temperature in
the SF-LFS, as for the SN, with and without baffles.
The outer strike-points of the SF-LFS are compared
with the outer strike-point of the SN by combining
SP2 and SP4 as follows. The total fluxes are taken 0

as the sum of the flux integrated over each outer tar-
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Figure 2: Divertor neutral pressure mea-

get; the peak quantities are taken as the maximum sured in the common flux region of the baffle-

over the two strike-point regions. The presence of

compatible SF-LFS geometry.

baffles does not affect the total target ion flux, but reduces the peak target temperature and
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Figure 3: Outer target LP profiles for baffled and unbaffled SF-LFS: parallel ion flux, T')|; electron
temperature, T,; parallel heat flux, q); sheath edge electron density, n,.
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Figure 4: buter LP target profiles of‘ba]j‘led SF-LFS (SP2 and SP4) and SN (outer strike;point).
hence the heat flux, throughout the N, seeding ramp (Fig 5). When comparing the SF-LFS with
the SN configuration, we see that the peak target temperature is unchanged, but that the SF
exhibits a lower total target ion flux. This once again leads to a decrease in the total target heat
flux, proving the SF-LFS to be advantaged by its ability to reduce outer target power loads with
respect to the SN.

The effect of baffles and the SF geometry on core compatibility is evaluated using an esti-
mate of the average charge of core plasma ions, Z,rr, and the energy confinement time, Tey).
The former can be expressed as Z.pr = (Z,Zizni) /ne, and is used to indicate the level of core
impurity pollution. It may be estimated from the plasma loop voltage and the profile-averaged
core T, from Thomson Scattering (TS), assuming steady state conditions and neoclassical con-
ductivity [11, 12, 13, 14]. This Z, s increases with N injection, indicating core N, penetration
(Fig 6(a)). The SF-LFS generally has a stronger increase in Z, ¢y than the SN configuration with
N, seeding, indicating stronger core impurity penetration.

The energy confinement time is defined as the ratio of stored energy to the total input power:

Texp = Wunp/Pin, where Wypp = 37 [[ (2n.T,)rdrdz, assuming n, = n;, T, = T;, where again
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Figure 5: Outer target quantities as a function of time-integrated N, flux for unbaffled SF-LFS, baffled
SF-LFS and baffled SN. (a) Target-integrated ion flux; (b) peak target T,; (c) target-integrated heat flux.
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the temperature and density profiles are obtained from the TS system. Fig 6(b) shows that the

energy confinement time degrades with N, injection. A slight decrease in core confinement is

seen for the SF-LFS in comparison to the SN, likely due to the increase in core N; penetration

deduced from Z, .
Conclusion The SF-LFS can be efficiently baffled to

increase the divertor neutral pressure, similarly to the 26

baffled SN configuration. Baffle-compatible geometries
have been developed to decrease baffle-plasma interac-
tion, whilst maintaining the ability to obtain SF-LFS con-
figurations of various X-point separations. Baffles effec-
tively reduce the target temperature and heat flux, and
have little effect on the power sharing between the outer
strike-points of the SF-LFS. When comparing the outer
divertor of a close-to-‘optimal’ baffled SF-LFS with the
SN configuration, we see no difference in peak target tem-

perature, but at least a 25% reduction in total target ion
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Figure 6: (a) Zess, (b) Texp; for un-
flux throughout the N seeding ramp, resulting in an over- 404 and baffled SF-LFS, and baffled

all reduction in target heat flux. This advantage of the SF- SN. N2 seeding ramp begins at Is for

LFS over the SN comes, however, at the cost of a slightly
stronger core N, penetration and concomitant degradation

in core energy confinement.

all cases, reaching a time-integrated
flux of 4.9 x 10'° molecules by 1.4s.
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