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This contribution describes the results of recent TCV experiments dedicated to the validation
of the projected advantages of the snowflake (SF) divertor configuration. The SF configuration
has been proposed as an alternative to the conventional single-null (SN) divertor to decrease the
power flux to the divertor targets in a fusion reactor.

Geometrical properties of the snowflake divertor in TCV - A set of equilibria using the
SPIDER equilibrium solver has been created for the three variants of a snowflake divertor with
6=0.5: SF; (6=90°), SFLF'S (8=30°) and SF¥S (§=150°). For both targets (HFS and LFS),
the flux expansion at the targets f.p;, the connection lengths C; and the minimal distance of
a flux surface to the primary x-point p,,, are computed as a function of the upstream coordi-
nate at the outboard midplane p, = R — R;crs and compared in Fig.1 with a single-null (SN)
equilibrium (0=1.5). For these four cases, |VBg , p,\ ~0.2 T/m. The target flux expansion fey,
for the SF cases never exceeds the value obtained for the SN divertor. This occurs because the
divertor targets in TCV are located far from the null-region (Fig. 2) and so are not optimized
to take advantage of the increased flux expansion that mostly occurs close to the null-point.
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Figure 1: Main geometrical properties of a set

of equilibria as a function of p, for the inner
and outer targets: a) fexps, b) C; and ¢) Pppr-

creased p;,s, Which is closely related to the
divertor volume. The value of p,,, exceeds its
value in a SN configuration across almost the
entire SOL width. However, in the SF configuration, the decrease of the angle between the pri-
mary divertor legs and the separatrix enclosing the plasma, in addition to the recompression of
the field lines close to the targets, overcomes the increase of p,;, in the null-point region so that
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the total SOL volume of the TCV SF configuration is slightly smaller compared with a SN.
Effect of the divertor configuration on the particle flux fluctuations — In steady-state L-
mode [1] or during transient events like ELMs [2], the observed power repartition between the
four strike points of SF plasmas cannot be explained with parallel transport alone. Cross-field
transport of particles and heat is required. In the following, we are investigating the statistical
properties of particules flux fluctuations measured in the vicinity of SP1 and SP4 under attached
divertor conditions ((n,) = 1.5 x 10" m_3). In Fig. 2, four different TCV equilibria are shown,
defining the divertor configurations with primary and secondary strike points. TCV is equipped
with 96 flush-mounted Langmuir probes (LP) embedded in the graphite tiles. In the present set
of experiments, LPs are operated with a constant voltage to measure the ion saturation current
with a sampling rate of 200 kHz. Figure 2e) shows two examples of measured signals where the

intermittent nature of plasma density fluctuations is clearly visible.
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Figure 2: Divertor configurations with primary (solid) and secondary (dashed) separatrices: a)
SN SF-like (6 = 1.4), b) SF+, ¢) SF- LFS and d) SF- HFS, ¢) measured Jsa around SP4 with 2
Langmuir probes, one in the SOL, the other in the private flux region.

Normalizing J4 as (Jyr — Hy) /07 where p; and oy are the time average and the standard
deviation, respectively, the probability distribution function (PDF) is computed. The analysis is
restricted to the probes lying either in the SOL (0.5 < Z —Zgsp < 2 cm) or in the private flux
region (PFR) (-2 < Z — Zsp < —0.5 cm). Results are shown in Fig.3. In the SOL (Fig.3a-b)),
the PDF are positively skewed which is a clear signature of intermittent events and consistent
with the statistical properties measured in the upstream SOL [3]. As expected from the SOL
parameters study above, the PDF does not change with the divertor configuration. In the PFR,
intermittency is also observed at SP1 while at SP4, bursty events are only detected for the SFLF'S
divertor configuration. For other configurations, the plasma density fluctuations are distributed

closer to the Gaussian distribution (Fig.3d)).
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Figure 3: Probability distribution function of normalized Jy4; for the 4 divertor configurations
at SP1 a-c) and SP4 b-d).

Effect of plasma density on target profiles — When the plasma density is increased, the
shape of the target profile at SP1 changes from a single-peaked profile to a double-peaked pro-
file. This second peak, located in the SOL, increases with density and becomes dominant at
high density [5]. The same effect is also present in the SN configuration but less pronounced.
The profile shape at SP4 is almost unaffected by the plasma density increase. At SP4, the recy-
cling current continously increases with plasma density up to the density limit while for SP1,
a roll-over is observed at (1) ~ 6 x 10! m~3 in the SN and at (n,) ~ 8 x 10'” m=3 for the
SF+ configuration. This can be seen as a first sign of detachment at this strike point. During
a density scan, we are measuring Jy, fluctuations around strike points SP1 and SP4, using the
Langmuir probes. This has been done for a SF+ and a SF-LFS diverted plasmas. The PDF of the
normalized Jy, shows that, at higher density, the number of burst events reduces in the SOL. In
the PFR of SP4, both PDFs for SF, and SFX'S are of gaussian shape at high density while they
strongly differ at low density. A clear effect of the plasma density is seen in the SP1 PFR where
the number of negative density fluctuations is strongly reduced at high density. This might be
related to the physical mechanism at work when a plasma starts to detach.
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Figure 4: PDF of normalized Jy, at low and high plasma densities at SP1 a-c) and SP4 b-d).

Effects of drifts on the target profiles — Numerical simulations of TCV SF plasmas with
the EMC3-Eirene code clearly demonstrated that cross-field diffusion alone is not enough to
explain to experimental SOL power repartition [4]. A mechanism based on the E X B particle
drift is proposed to contribute to this enhanced cross-field transport [5]. To estimate the impor-
tance of this transport channel, both poloidal and cross-field components of the electric field
are computed with the steady-state kinetic profiles calculated in the simulations of n,, T, and

T;. A qualitative picture of the E x B drift transport is shown in Fig.5 for forward and reversed
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By . This convective transport is predicted to be enhanced at larger values of plasma density and
smaller 0. These predictions are consistent with the experimentally measured heat and particle

flux profiles at the targets, in particular explaining the observed asymmetry in the target profiles
at SP3.
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Figure 5: Schematic of the E x B drift transport in the SF+ divertor for a) forward and b)
reversed By. The insets show the measured density profiles.
Radiative snowflake divertor experiments — Another predicted advantage of the SF config-

uration is based on its larger divertor volume, which should facilitate the conversion of particle
energy into radiation and thereby access to detachment. Experiments were carried out to com-
pare the plasma response to Neon impurity seeding, in Ohmically heated SF+ and SN config-
urations. For the same amount of injected Neon, the plasma in the SF+ configuration radiates
approximately 15% more power than in a conventional configuration. With Neon seeding, the
radiated power fraction fi,q = Praq/Pq could be increased up to 70%. Accordingly, the power
flux due to the plasma at the strike points decreased mainly because of a broadenning of the
profiles. In the SN case, the radation region is located close to the inner target, while for the
SF+ divertor, the radiation zone is significantly larger, extending past the divertor null region
further uptstream. In these Ohmic TCV discharges, the radiated fraction is limited by the onset
of a low wavenumber MHD instability rather than a radiation instability. More details about

these experiments, including a comparison with plasma density as radiator, can be found in [6].
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