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Analyses of snowflake (SF) divertor [1] experiments in NSTX [2] and DIII-D [3] show
that the SF divertor can increase magnetic shear and modify pressure profiles of the H-mode
pedestal enabling pedestal stability control while maintaining good H-mode confinement
(Hggyy~1). The scrape-off layer (SOL) and divertor geometry modifications lead to reduced peak
temperature of plasma-facing components (PFCs) and reduced heat flux via partitioning and
additional dissipation of ELM heat fluxes. The possibility of MHD stability and ELM control
with the SF configuration was proposed theoretically [4] and impact of some SF properties on
pedestal and ELMs has been studied with edge fluid and turbulence transport modeling [5-7].
Steady-state divertor heat flux mitigation in future tokamaks is envisioned via divertor magnetic
and plate geometries and radiative scenarios. However, the unmitigated large ELMs with energy
density up to 5-14 MJ-m™ pose a significant risk for PFCs and motivate research on ELM
mitigation and control [8].

The SF divertor configuration uses a second-order poloidal field null, or two nearby first
order nulls, for a large region of low poloidal field B, in the divertor [1]. Existing divertor coils
have been used for steady-state SF divertor configurations in H-mode discharges in NSTX
(1,=0.9 MA, Pyp=3-5 MW, and Bx VB down) and DIII-D (Z,=1.2 MA, Pyp=3-5 MW, and Bx VB
down). Previous analyses demonstrated inter-ELM heat transport manipulation and peak heat flux
reduction in the SF divertor [2,3], whereas this work focuses on pedestal ELM stability and ELM
heat transport and heat deposition on divertor PFCs.

The observed SF effects on pedestal and ELMs were different in NSTX and DIII-D, as
the pedestal MHD stability depends on the pedestal stability operating point proximity to edge
toroidal current density (peeling mode) and edge pressure gradient (ballooning mode) limits.
Edge magnetic shear was increased by up to 30% in both NSTX and DIII-D discharges with SF
divertors. In NSTX, pedestal stability operating point was close to the kink/peeling boundary
with the standard divertor, and ELMs were stabilized by changes in pedestal pressure gradient
and current density profile resulting from lithium conditioning [9]. With the SF divertor and
lithium conditioning, large ELMs (fguy~=12-35 Hz, AWymp/Wiynp=5-10%) were destabilized.
Initial profile analysis suggests that the pedestal was returned to pre-lithium conditions. Planned
linear MHD stability calculations will help understand the destabilization mechanism. The large
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Figure 1 Divertor heat flux profiles and peak heat time histories in the attached near-exact SF divertor in DIII-D.
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SF-induced ELMs led to reduced pedestal carbon concentration (by 30-50%), suggesting a way
of controlling impurity accumulation in lithium-conditioned discharges. In DIII-D, kinetic
profiles were weakly affected by the SF configuration [3]. The pedestal energy remained
constant. A reduction in energy lost per ELM AWgiy/Wpep by 5-15% was observed. ELM
frequency was increased by 5-10%. The suggested mechanism is the reduction in the conduction
loss channel with increased pedestal collisionality, in line with observed tokamak trends [8].

A reduction of ELM-induced divertor peak surface temperature Tq,r (and heat flux) in the
SF divertor (cf. standard divertor) was noted in both NSTX and DIII-D experiments [2,3]. A
transient (ELM) heat pulse causes a divertor Ty, rise AT~A Wd,-v/(ArJ/ 2), where AW, is the total
deposited energy, 4 is the ELM-wetted area, and T is the deposition time [8]. The deposition time
is proportional to the pedestal thermal ion transit time to the strike point T=Lmp-sp/Cped, Where cped
is the ion sound speed. This time is proportional to the experimentally measured peak divertor
heat rise time Tr. The transit time T is typically longer in the SF geometry due to a greater
connection length [2,3], the latter also resulting in a temporal dilution of the energy pulse and
reducing its peak [4,6]. It is found that the divertor ELM energy density AW, /A is also reduced,
due to 1) a reduction of AWgpy; 2) an increase of the ELM plasma-wetted area A; 3) a reduction
of AWy due to additional dissipative losses, especially pronounced in the high-density radiative
divertor [2,3]; 4) partitioning AW, / A between inner and outer targets and additional SF strike
points, a key SF property [1]. These effects are illustrated in Fig. 1 and 2, where ELM heat flux
temporal evolution (including Tir) and partitioning between additional SF strike points (SP) are
shown in the near-exact SF configuration, and compared (a) Snowflake Standard
between the high-field side snowflake-minus and standard
divertor in DIII-D. Greater (or nearly equal) ELM energy
deposition is observed in the inboard divertor in DIII-D. A
large ELM fraction is deposited outside of the divertor
SOL on the outboard side (non-SP peaks in Fig. 2). (b)

In summary, the SF divertor can modify pedestal
and ELM characteristics via a larger area of low poloidal
field in the divertor region and the associated
modifications in magnetic geometry properties both inside
and outside the separatrix, as demonstrated by the NSTX
and DIII-D experiments. The modifications are generally
beneficial and can be further developed into ELM control ()

scenarios and ELM mitigation techniques.
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