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NSTX

Motivation

• ELITE modeling simulating DIIID discharges show the pedestal height 
trends with triangularity and plasma current (Ip)

• Extension of the triangularity trends to NSTX has yet to be established.
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Figure 3. Comparison of pedestal stability limit calculated with ELITE to DIII-D data, as a function
of (a) pedestal density (b) triangularity and (c) plasma current. In (b) and (c), the mean (circle) and
standard deviation (bar) of the data set is shown.

A second comparison studies pedestal height trends with triangularity, using the
parameters Bt = 2.08 T, Ip = 1.525 MA, κ = 1.8, neped = 4 × 1019 m−3, temperature
and density pedestal width of 1.4 cm, and triangularity varied from 0 to 0.45. Here, the axis
temperature is fixed (T0 = 2.5 keV), and again, in calculating the stability bounds, all the key
parameters are fixed except the one studied (δ). The result is again compared to DIII-D data,
here with allowed parameter ranges Bt = 2.05–2.15 T, Ip = 1.4–1.65 MA, neped = 3.5×1019–
4.5 × 1019 m−3, and temperature and density pedestal widths between 0.9 and 1.9 cm. Good
agreement is again found between the calculated pedestal stability bound and the observed
pedestal height shortly before an ELM as shown in figure 3(b). The increase in the stability
bound with triangularity is primarily due to an opening of second stability access, and the
bootstrap current plays a key role as shown schematically in the ‘strong shaping’ curve in
figure 1. Without the bootstrap current (dashed line in figure 3(b)), second stability access is
not opened and the increase in stable pedestal height with triangularity is much weaker.

Finally, we study trends in pedestal height with Ip, using equilibria with Bt = 2.075 T,
R = 1.69 m, a = 0.59 m, κ = 1.8, δ = 0.25, pedestal width (#) of 4.5% of the normalized
poloidal flux, and pedestal density (neped) equal to 40% of the Greenwald limit (nGW), where
nGW(1020 m−3) = Ip(MA)/πa2(m). The current (Ip) is varied from 0.75 to 1.75 MA, with
core temperature (T0 = 2.975 eV), and thus core βN, fixed. Here, ELITE is used to test
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Figure 3. Comparison of pedestal stability limit calculated with ELITE to DIII-D data, as a function
of (a) pedestal density (b) triangularity and (c) plasma current. In (b) and (c), the mean (circle) and
standard deviation (bar) of the data set is shown.

A second comparison studies pedestal height trends with triangularity, using the
parameters Bt = 2.08 T, Ip = 1.525 MA, κ = 1.8, neped = 4 × 1019 m−3, temperature
and density pedestal width of 1.4 cm, and triangularity varied from 0 to 0.45. Here, the axis
temperature is fixed (T0 = 2.5 keV), and again, in calculating the stability bounds, all the key
parameters are fixed except the one studied (δ). The result is again compared to DIII-D data,
here with allowed parameter ranges Bt = 2.05–2.15 T, Ip = 1.4–1.65 MA, neped = 3.5×1019–
4.5 × 1019 m−3, and temperature and density pedestal widths between 0.9 and 1.9 cm. Good
agreement is again found between the calculated pedestal stability bound and the observed
pedestal height shortly before an ELM as shown in figure 3(b). The increase in the stability
bound with triangularity is primarily due to an opening of second stability access, and the
bootstrap current plays a key role as shown schematically in the ‘strong shaping’ curve in
figure 1. Without the bootstrap current (dashed line in figure 3(b)), second stability access is
not opened and the increase in stable pedestal height with triangularity is much weaker.

Finally, we study trends in pedestal height with Ip, using equilibria with Bt = 2.075 T,
R = 1.69 m, a = 0.59 m, κ = 1.8, δ = 0.25, pedestal width (#) of 4.5% of the normalized
poloidal flux, and pedestal density (neped) equal to 40% of the Greenwald limit (nGW), where
nGW(1020 m−3) = Ip(MA)/πa2(m). The current (Ip) is varied from 0.75 to 1.75 MA, with
core temperature (T0 = 2.975 eV), and thus core βN, fixed. Here, ELITE is used to test

Peeling–ballooning stability limits on the pedestal A139

0.0 0.5 1.0 1.5 2.0 2.5
0

2

4

6

Plasma Current (MA)

Pe
de

st
al

 P
re

ss
ur

e 
Li

m
it 

(k
Pa

)

δ = 0.0
δ = 0.3

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0

2

4

6

8

Toroidal Magnetic Field (T)

δ = 0.0
δ = 0.3

0 2 4 6 8 10
0

5

10

15

Pe
de

st
al

 P
re

ss
ur

e 
Li

m
it 

(k
Pa

)

δ = 0.0
δ = 0.3

Ip Bt (MA T)

8

20

(a) (b)

(c)

Figure 6. Maximum stable pedestal pressure for the triangularity = 0.0 and 0.3 cases as a function
of (a) plasma current with Bt constant (b) magnetic field with constant current, (c) magnetic field
with plasma current increasing proportionally to the ratio Bt/Ip = 0.6125 T MA−1.
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Figure 7. Maximum stable pedestal pressure for the triangularity = 0.0 and 0.3 cases as a function
of aspect ratio, which is varied by changing the major radius at a fixed minor radius of 60.3 cm.

figures 6(a) and (b). Again, when Bt and Ip are proportionally increased, a roughly linear
dependence on B∗

t Ip is seen. Overall, the scaling with Bt and Ip is roughly a βN dependence
(where β = βNI (MA)/a(m)B(T )), though complex interdependences enter, particularly for
strong shaping.

Finally, scaling with aspect ratio is illustrated via a major radius scan at fixed minor radius
in figure 7. Both q and a/R decrease roughly linearly with R. At low triangularity (δ = 0) the
stability boundary is found to be fairly insensitive to aspect ratio. However, for the stronger
shaped case (δ = 0.3), second stability is closed off at high R/a (low q) and the stability
boundary approaches the δ = 0 bound.
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Extrapolation to NSTX is @ R = 77 cm  !



• Investigation of the plasma current and shape scalings
- Pedestal component has a strong dependence in Ip [J.Hugh,Phys. Plasma 9,2019, (2002)]

- Shaping is known to have strong effect in MHD stability

• Assess the edge fluctuations during the multiple stages on an ELM 
ELM cycle.
-  Density fluctuations through reflectometry
-  Velocity fluctuations through GPI    

NSTXNSTX

Understand the pedestal structure prior to the onset of 
ELMs as a function of key plasma parameters
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NSTXNSTX

Composite radial profiles of density, temperature and 
pressure synced to Type I ELM cycle
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• Ne and Te profiles fitted using modified tanh function
– Ion profiles fitted with splines (no clear pedestal)

• Fits done in discrete windows throughout ELM cycle

N(ψ) = A tanh

�
ψsym − ψ

ψwidth

�
+ offset

R. Groebner and T. Osborne PoP 5 1800 (1998)
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Pedestal height builds up during an ELM cycle
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ELM crash

Ip = 1.2 MA

Ip =1 MA

• Pedestal pressure increases 
by a factor ~ 3 before the 
ELM crash 
– No clear saturation at high Ip

– Saturation late in cycle at lower Ip

– In contrast to rapid saturation 
within first 20-50% of ELM cycle 
observed in AUG and DIIID 

(Maggi, Nucl. Fusion 2010 & Zohm, PPCF 2010)

• Pedestal pressure increases 
with Ip



increases quadratically with Ip, but at constant
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β
ped
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Consistent with higher R/a, e.g. DIIID, C-MOD,and  AUG [Osborne,PPCF 42 2000, Hughes, PoP 13 (2006), Suttrop,PPCF, 42 2000]
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NSTX

Pedestal pressure height increases with bottom 
triangularity

Bottom Triangularity

Total Pedestal Pressure at fixed top triangularity 
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• Ip=0.8 MA, PNBI=4 
MW, Bt=0.45 T, 
drsep~  - 0.5 cm 

•density and 
temperature pedestals 
both increase

•Similar to DIII-D 
[Osborne,PPCF 42 2000]
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• Assess the edge fluctuations during the multiple stages on an 
ELM ELM cycle.
-  Density fluctuations through reflectometry
-  Velocity fluctuations through GPI    

NSTXNSTX

Understand the pedestal structure prior to the onset of 
ELMs as a function of key plasma parameters
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NSTX

Density fluctuations at the top of the pedestal increase continuously 
during ELM cycle and “cascade” to low frequency just before ELM crash
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Preliminary

kzLnδn/n
• Phase fluctuations from reflectometry 

~                 at the top of the pedestal

• Increase of initial mode 
- e.g., at 7.5 kHz

• Mode activity late in ELM cycle
- e.g., 5 kHz  

• Modes are electrostatic, no evidence 
in Mirnov signals

ELM Cycle

Inter-ELM Phase Fluctuation Spectra #139047
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Density fluctuations at the top of the pedestal increase continuously 
during ELM cycle and “cascade” to low frequency just before ELM crash
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Density fluctuations at the top of the pedestal increase continuously 
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NSTX

Assuming the advection of the gas puff, the velocity 
fluctuations in the region of steep gradient
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• Step 1: subtract spatial DC 
component

• Step 2: GPI brightness 
fluctuations are projected into 
K-space.

• Step 3: Evaluate |K| in the 
camera frame of reference 

- equivalent to the module in 
the advected frame of 
reference

• the fluctuation of |K| is 
correlated with the velocity 
fluctuations.



NSTX

Velocity fluctuation is higher after ELM than just before ELM

• Observation of coherent velocity fluctuations similar to recent observations by Zweben PoP (2010). 

• RMS fluctuation is a measure of the velocity gradient which is shown to increase after the ELM crash.
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Spectrum of the fluctuating module of K before and after ELM
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Summary and future directions
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• We observe                 ,which is consistent with higher aspect ratio tokamaks

• We observe         increases with triangularity: similar to DIII-D

• We show that the pedestal pressure build ups continuously during an ELM cycle, 
with saturation only at lower plasma currents near the end of the cycle 

– appears to be in contrast with AUG and DIII-D
  

• Pedestal top density fluctuations increase during ELM cycle, with a frequency 
“cascade” to lower frequency just before the ELM crash

• Velocity fluctuations peak just after ELM crash, and die away slowly in the inter-
ELM cycle

! FY11: extra 7-8 edge Thomson channels being implemented

P ped
tot ∝ I2p

P ped
tot
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NSTXNSTX

Inter-ELM fluctuations from BES indicate generic changes in fluctuations spectra 
during the ELM cycle with no signature of modes correlated with the pedestal buildup 

Inter-ELM density fluctuation through BES enables the localization of fluctuation peaks detected 
on Mirnov coils but no clear signature of modes correlated with the pedestal structure.
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Dominant contribution of the density gradient in the critical pressure 
gradient and weak correlation of the      with normalized beta poloidal

The pressure gradient scales with Ip at constant toroidal field and the density gradient increases much 
faster than temperature gradient. 
Correlation between the normalized poloidal beta with      evaluated at electron pedestal temperature is 
weaker than similar scaling in MAST. 
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NSTX

Mapping the reflectometer signals to normalized flux coordinates 
allow for better targeting of density fluctuation at the pedestal top
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Reflectometry 139047
 80% −90% ELM cycle
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NSTX

Mapping the reflectometer signals to normalized flux coordinates 
allow for better targeting of density fluctuation at the pedestal top
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NSTX

Wave activity before ELM crash, cannot discern them from intrinsic MHD 
activity already present
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