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Recent DIII-D studies show the snowflake (SF) divertor [1]
enables significant manipulation of divertor heat transport
for power spreading in attached and radiative divertor
conditions, between and during edge localized modes
(ELMs), while maintaining good H-mode confinement
(H98y2>1). Results include: 1) Enhanced heat transport
through the low poloidal field null-point region and divertor
legs resulting in increased scrape-off layer (SOL) width (Fig.
1); 2) Direct measurements of divertor null-region poloidal
beta βp>>1, supporting the theoretically proposed instability
mechanism leading to fast convective heat redistribution
between strike points, which is especially efficient during
ELMs; 3) In radiative SF divertor regimes, a significant
reduction of peak heat fluxes between and during ELMs.
Enhanced transport through the null point region and
heat spreading over additional strike points (SPs) between
ELMs is inferred from the heat flux profile and SOL width
analysis of attached SF divertor conditions in H-mode
discharges (Ip=1.2 MA, PNBI=3-5 MW, and Bx∇B down).
The Eich function [2] fits to parallel heat flux profiles q||(r)
are used to assess heat diffusion due to the increased
connection length in the SF configuration, and changes in
radial heat transport affecting the outer common SOL width.
In nearly-exact SF configurations, with a small distance dXX
between nulls (e.g., dXX/a ≤ 0.15, where a is the minor
radius), the integral SOL width is increased: λSOL~3.03.2 mm (cf. λSOL~2.5 mm in the standard divertor [3]).
Increased are both the Gaussian heat diffusion component
into the private flux region, apparently due to the connection
length that is increased by a factor 2–4 in the SF, and the
SOL common flux region component, indicating increased
radial transport. In SF configuration variants, the SF-minus
and SF-plus, with dXX/a ≥ 0.15, the SOL width is not
necessarily increased, and geometry effects dominate
divertor heat deposition. The deposited heat flux is reduced
due to the increased plasma-wetted area (poloidal magnetic
flux expansion). The parallel heat transport is mostly
affected by heat spreading over additional SPs, and increased

Fig. 1. (a) Near-exact SF
configuration, with a contour
around the X-point region
showing the extent of low
|Bp/Bpm| = 0.10 region, where
the poloidal magnetic field Bp is
normalized to its midplane Bpm
value, (b) divertor heat flux
profile, (c) Parallel heat flux q||
profile projected to midplane,
and the Eich function fit, for the
standard and SF configurations.
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connection length. The amount of heat flux measured at additional strike points is often
proportional to input power and divertor density.
Recent measurements are consistent with the theoretically predicted SF property critical
for ELM heat transport, i.e. the fast convective plasma redistribution through the null point
region due to the onset of a flute-like instability. The poloidal beta in the null-region βp =
Pk/Pm >> 1 (where Pm is the poloidal magnetic pressure and Pk is the plasma kinetic pressure),
and the magnitude and extent of the high βp region were directly inferred from the divertor
Thomson scattering measurements of electron pressure profiles and poloidal field
distribution. The measured divertor βp ~ 50–100 was about 2–3 orders of magnitude higher
than the midplane βp, and the high βp region was broader in the SF configuration. During an
ELM, the βp is increased up to an order of magnitude, in agreement with the theoretical
estimates of the instability βp threshold based on the ideal MHD theory [4].
Type I ELM heat transport is also significantly affected by the SF divertor geometry. The
extended low poloidal magnetic field region affects pedestal magnetic properties, e.g., the
magnetic shear and q95 increase by up to 30%, and weakly affects the kinetic profiles, e.g.,
the pedestal energy remains constant. These changes, however, are not sufficient to affect the
pealing-ballooning mode stability in the H-mode discharges, as the ELM frequency and size
are changed by 10%–20%. A significant reduction in stored energy lost per ELM, from
WELM/WPED~ 12% to ~6%, due to the reduction in the conduction loss channel [5] with
increased pedestal collisionality is observed. The ELMs deposited energy preferentially in the
inner divertor in both the standard and the SF configurations. In the attached divertor, the
peak ELM heat flux was reduced from 4–8 MW/m2 in the standard inner divertor to
1–3 MW/m2 in the SF-minus configuration. In the SF-plus configuration, outer peak heat flux
in both the standard and SF configurations was dominated by a similar heat flux deposition
pattern in the far SOL with minimal impact on the near-SOL.
In the radiative SF divertor with D2 seeding, a significant peak heat flux reduction
between and during ELMs was demonstrated. In the SF-minus divertor, similarly to NSTX
[6], the heat flux in the primary outer SP became negligible between and during ELMs, while
in the secondary SP, peak heat flux was lowered by 30%–60% between and during ELMs (cf.
the standard partially detached SP). Carbon divertor radiation was more broadly distributed
in the SF-minus. In the radiative SF-plus with D2 or neon seeding, peak divertor loads in the
inner and outer SPs were significantly reduced (to below 0.5 MW/m2). Radiated power was
distributed over all divertor SPs, and with increased collisionality (density), the radiation
fronts moved up towards the null region (Fig. 2).
In summary, recent results from DIII-D, namely, enhancement of heat transport and heat
redistribution among additional strike points, and divertor heat flux reduction between and
during ELMs in the SF with gas seeding, support the radiative SF divertor as a promising
concept for tokamak power exhaust.
This work was performed under the auspices of the US Department of Energy under DEAC52-07NA27344, DE-AC02-09CH11466, DE-FC02-04ER54698, DE-FG02-07ER54917,
and DE-AC04-94AL85000.
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Fig. 2. Divertor radiated power distribution in the
attached SF-plus (ne=5x1019 m-3) and radiative
SF-plus (ne=7.3x1019 m-3).
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