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Achieving I-mode on NSTX
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I-mode is an attractive operating regime with H-mode energy 
confinement and L-mode particle confinement 

•  Operating regime found on C-
MOD
–  H-mode like Te pedestal
–  L-mode like density profile

•  Typically achieved via:
–  Operating in the “unfavorable” 

grad-B drift direction (USN)
–  Low q95  (< 5 on C-MOD)

•  high Ip moreso than low Bt

–  High δ	

–  Strong edge pumping

•  NSTX is expected to have a 
narrow operational window to 
achieve I-mode

McDermott, PoP 16 (2009) 056103 
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How to identify I-mode?

1.  H-mode like Te and L-mode 
like ne

2.  Appearance of a high 
frequency, weakly coherent 
mode
–  > 100 kHz

3.  Must not show the typical 
indicators of an H-mode 
transition
–  Abrupt decrease in Dα or
–  Positive increase in core 

density

[DG Whyte, NF. 50 (2010) 105005]
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Proposed Shot Plan – Search for I-mode

•  Begin with fiducial discharge [2 shots]
–  Ip = 0.9 MA, Pnbi = 4 MW, ~150mg lithium deposition, δrsep ~ 0
–  Shot 141445 and 141454 as basis

•  Slow δrsep ramp to scan δrsep  and prevent early H-mode transition [2 
shots]
–  Ramp up ~ 0 to >+ 10 mm from 100—300 ms
–  Ramp down ~ 10 to 0 mm from 300—500 ms

•  Adjust discharge fueling downward to minimize edge neutral density [2 
shots]
–  Roughly 200 Torr increments

•  Adjust neutral beam power to avoid H-mode [4 shots]
–  Use the βN controller set to ~ 2—3, or 
–  Pre-programmed beam timings if necessary

•  Increase Ip and repeat to scan q95 in USN (1.1, 1.2 MA) [5 shots]
–  Decrease Ip = 0.7 for completeness (high q95)
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If I-mode is identified during the slow δrsep ramps …

•  Stop δrsep ramps and document discharge conditions

•  Attempt a long pulse I-mode using conditions found in δrsep 
ramp (Ip, Pnbi, fueling, etc)

•  Fixed δrsep scan at these conditions [2-4 shots]
–  Nominally δrsep = +5, +10 mm (Use δrsep found during the ramps)
–  Optimize PNBI again if necessary

•  Repeat above discharges with δrsep ~ 0 for reference [2 shots]

•  Return to δrsep ramps at other conditions to explore the 
parameter space if time allows
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BACK-UP 
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Run Plan: Adjusting Neutral Beam Power 

βN Controller
•  Set βN ~ 2—3 to avoid H-mode

–  Will likely require de-rating the 
beam voltage in order to 
modulate the beams 

Pre-programmed timing
•  Similar beam timing has been 

used before for H-mode 
studies 

•  Use programmed ramps in 
NBI power as shown for USN 
and LSN discharges 

•  Or, programmed beam 
modulation as was done for 
DN discharges 

Nucl. Fusion 50 (2010) 064010 R. Maingi et al

Figure 1. Discharges in δsep
r scan with NBI: (a) three shapes showing DN, LSN and USN discharges. The temporal evolution of these

discharges is shown: (b) Ip, (c) NBI power, (d) δsep
r , (e)–(g) divertor Dα emission for each of the three discharges. The L–H transition times

are indicated with arrows.

The other relevant discharge parameters are plasma current
Ip = 0.6 MA, toroidal field on-axis Bt = 0.45 T, safety factor
q95 ∼ 8 and lower divertor triangularity δbot ∼ 0.5. The
line-average density at the time of the L–H transition varied
between 1.8 and 2.2×1019 m−3. Note that certain elements of
this study were previously described [19]; the full analysis of
heating power and loss power at the L–H threshold has since
been completed and is presented here.

The time evolution of the discharges with Pheat just above
PLH is shown in figures 1(b)–(g). The PNBI was increased
in steps through beam voltage variations and pulse-width
modulation for the DN discharge (figure 1(c)). Arrows
indicate the time of the L–H transitions on the divertor Dα

traces in figures 1(e)–(g). It can be seen that the DN discharge
required (figure 3(e)) the lowest PNBI of 0.6 MW to trigger the
H-mode (actually 0.9 MW with 67% pulse-width modulation),
followed by the LSN discharge (figure 3(f )) with PNBI of
1.1 MW and the USN discharge (figure 3(g)) with PNBI of
4.0 MW.

Figure 2 displays various measures of the exhaust power
as a function of δ

sep
r , with discharges with PNBI closest to PLH

indicated with circles. Typically the power flow through the
separatrix (Ploss) is computed just prior to the L–H transition:

Ploss = P net
heat + POH − dWp/dt, (1)

Pnet
heat = Paux ×fabs ×

(
1 − f fast ion

loss

)
×

(
1 − f CX

loss

)
−Prad, (2)

where P net
heat is the net heating power, POH is the ohmic heating

power, dWp/dt is the time derivative of the total plasma stored
energy, Prad is the core radiated power, Paux is the auxiliary
heating power, fabs is the fraction absorbed by the plasma,
f fast ion

loss is the fast ion loss fraction (for neutral beams) and
f CX

loss is the fraction lost due to charge exchange. The various

fractions in equation (2) are computed with the TRANSP
code [20]. The quantities P net

heat and POH are available directly
through the EFIT equilibrium reconstruction, or also through
the TRANSP calculation, which includes the role of the
effective average charge number Zeff . The intent in showing
the multiple panels is to highlight the effect of the various
components in equation (1), in particular because inclusion of
all the terms alters the ordering of the PLH values, as compared
with the raw auxiliary heating power levels needed to access
H-mode. This is particularly important for the data in section 4.

Figure 2(a) shows P net
heat values from the discharges in the

study, with the heating powers closest to the PLH indicated
with ovals. The DN discharges with δ

sep
r ∼ 0 clearly have the

lowest required P net
heat for an L–H transition, consistent with the

observed trend in PNBI shown in figure 1. Figure 2(b) shows
that the P net

heat normalized by ne still shows a clear reduction in
the DN configuration, although the difference between DN and
LSN is not as substantial as in figure 2(a). This normalization
is relevant because of the observed dependence of PLH on
ne discussed in section 2. Figure 2(c) shows that the trend
of lowest PLH in DN is still observed using the sum of the
P net

heat and POH (normalized by ne). Finally the full Ploss from
equation (1) (normalized by ne) is shown in figure 2(d). Here
the difference between DN and LSN is no longer outside the
statistical error bars, as the DN discharges tended to have
lower dWp/dt than the other discharges. The error bars also
increased, because the difference between the TRANSP and
EFIT calculations was substantial in some cases. Further
clarification requires additional experiments in which the L–H
transitions are triggered at times of relatively constant POH

and low dWp/dt . As a point of reference, we note that the
measured minimum PLH was 5–6 times the values predicted
by the multi-machine scalings discussed in section 1 [5].
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[R. Maingi, NF. 50 (2010) 064010] 


