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Motivation: NSTX previously could operate in a small ELM 
regime that resulted in high stored energy

Observation of a high performance operating regime in the NSTX

strong resemblance to the earlier PDX forced density rise
scenario, another high performance scenario with small/no
ELMs [6], and the more recent high recycling steady (HRS)
H-mode in JFT-2M [7]. Access to small ELMs was also
reported at high triangularity [8] or poloidal beta (βp) [9]
in JT-60U. We note also the recent success in generating
high performance discharges with no/few large ELMs using
a stochastic boundary layer in DIII-D, which also provided
good density control [10]. The operating regime achieved in
the National Spherical Torus Experiment (NSTX) and reported
here is distinct from all of these: (1) there is no counter injection
or edge harmonic oscillation as in the QH-mode; (2) there is no
quasi-coherent mode in the edge plasma as in EDA or related
H-mode scenarios; (3) the βp threshold needed to access this
small ELM regime is !0.6 and no enhanced plasma shaping
was required; and (4) no stochastic boundary technique was
used to suppress ELMs. In addition, the ELM characteristics
and precursors appear significantly different from existing
ELM types in the literature and other ELM types observed in
NSTX. Hence, this regime provides another small ELM regime
for possible use in large fusion devices to provide density
control without the significant heat flux transients associated
with conventional type I ELMs and without the performance
degradation observed in type III ELMs [11] (i.e. no degradation
comparing type I and the small ELM discharges in NSTX). We
refer to the perturbations in NSTX as type V ELMs (note that a
low density branch [12] of the traditionally high density type III
ELMs was observed in DIII-D and is sometimes referred to as
a type IV ELM in the community), and emphasize that the
use of a new number is based on the measured characteristics.
Detailed stability calculations may prove, however, similarity
between the underlying instabilities.

2. Description of high performance regime

The NSTX is a medium-sized, low aspect ratio spherical
tokamak [13] with the following parameters: major radius
R = 0.85 m, minor radius a = 0.67 m, R/a ! 1.26, toroidal
field Bt " 0.6 T, with up to 7 MW of NBI power (PNBI) and
6 MW of radio-frequency heating. The basic characteristics of
the NSTX high performance, small ELM regime are shown
in figure 1 for a lower-single null diverted discharge with
Ip = 0.8 MA, Bt = 0.5 T, PNBI = 4.1 MW, and the following
parameters evaluated at the separatrix: elongation κ ∼ 1.9,
lower triangularity δL ∼ 0.5 and upper triangularity δU ∼ 0.3.
The line-average density continuously rises after the H-mode
transition at t = 230 ms (figure 1(b)). Type V ELMs with
a frequency ∼400 Hz can be observed on the lower divertor
Dα starting at t ∼ 340 ms, although a few irregularly spaced
type V ELMs are observed near 290 and 320 ms. Gas
puffing from the centre stack lasts throughout the discharge
(figure 1(c)); the combination of this fuelling and the NBI
particle source contribute to the observed density rise. The
stored energy remains flat for about 370 ms or ∼7 energy
confinement times (τE), and the confinement enhancement over
ITER-97L scaling [14] is steady at ∼2.2. For reference, the
steady βp was ∼1.2 (bootstrap current fraction 40–50%) and
the line-averaged density relative to Greenwald scaling [15]
(nGW = Ip/πa2) was 0.85 just before the end of the discharge,
which was terminated by Ip ramp-down.
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Figure 1. High performance discharge with type V ELMs: (a) Ip
and PNBI, (b) lower divertor Dα emission and line-averaged density
(ne), (c) NBI (SNBI) and gas (Sgas) fuelling rates, and density rise rate
(dNe/dt) and (d) stored energy (WMHD) and energy confinement
normalized to the ITER-97L scaling. The Dα emission time base is
expanded in frame (e).

We note that details of this high performance regime for
similar discharges have been reported previously [16–20]. The
new interpretation presented in this paper pertains to (1) the
positive identification of the Dα oscillations as tiny ELMs,
which are different from ELMs in the published literature, and
(2) the recent observation of conventional intermediate-sized
ELMs (which have characteristics of both type II and III) in
NSTX which confirm the uniqueness of these type V ELMs.
For completeness, we note that recent overviews of NSTX
results [21] and ELM/pedestal studies [22] provide more
detailed reference material.

3. ELM characteristics

Many ELM types, including type I, II/III and the new type V,
have been observed [23] in NSTX. Figure 2 contrasts the
characteristics of these ELM types. The stored energy
fractional drop (computed from reconstructions with the
EFITD code [24] applied to NSTX [25] with a 0.25 ms time
resolution) is typically between 5–15%, 1–4% and "1% for
type I, II/III and V ELMs, respectively. There is some
ambiguity in identifying the ELM type in the middle column:
these ELMs were observed with heating power starting close
to but extending well above the L–H power threshold (i.e.
some similarity to type III) [11] in a shape very close to or
just at a balanced double-null (i.e. similar to type II) [26, 27].
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•  Good number of reference shots from 
years past
-  Resulted in high WMHD discharges 
-  Provided a method of flushing impurities 

from the discharge

•  However, lithium stabilizes discharge 
against ELMs
-  Leads to impurity build up

•  Look for methods to return to small ELM 
regime
-  Burn through lithium layer?
-  Strong shaping to reduce ELM stability

•  Propose to revisit this scenario (1/2 day)
-  strongly bias LSN (δrsep <~ -10 mm) 

-  “burn-off” lithium
•  Low flux expansion and/or strike 
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