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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

NSTX BP-TSG-Forum (Diallo)

Background: Overview

• ELITE predicts enhanced edge stability at low R/a 
- ELMy discharges in NSTX at the kink/peeling boundary from ELITE 

• NSTX has shown the pedestal height increases with triangularity and plasma 
current (Ip) consistent with higher R/a tokamaks
- Consistent with ELITE modeling
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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

P. Snyder, PPCF, 46 (2004)

R. Maingi, PRL, 103 (2009)

Peeling–ballooning stability limits on the pedestal A139
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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.

Extrapolation to NSTX is @ R = 85 cm  !

Aspect ratio scan
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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

NSTX BP-TSG-Forum (Diallo)

Background: Overview

• ELITE predicts enhanced edge stability at low R/a 
- ELMy discharges in NSTX at the kink/peeling boundary from ELITE 

• NSTX has shown the pedestal height increases with triangularity and plasma 
current (Ip) consistent with higher R/a tokamaks
- Consistent with ELITE modeling

2

A136 P B Snyder et al

Pedestal Density (1019 m–3)

Pe
de

st
al

 E
le

ct
ro

n 
Te

m
pe

ra
tu

re
 (k

eV
) DIII–D data

Stability Calculation

(a)

0.0 0.1 0.2 0.3 0.4 0.5
Triangularity (δ)

Pe
de

st
al

 E
le

ct
ro

n 
Pr

es
su

re
 (k

Pa
) DIII–D data

Stability Calculation
Calculation without 
Jbootstrap

(b)

0.0 0.5 1.0 1.5
0

2

4

6

8

Plasma Current (MA)

Pe
de

st
al

 E
le

ct
ro

n 
Pr

es
su

re
 (k

Pa
) DIII–D data

Stability Calculation

(c)

0.0

0.2

0.4

0.6

0.8

1.0

0 2 4 6 8 10
0

2

4

6

8

10

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

P. Snyder, PPCF, 46 (2004)

R. Maingi, PRL, 103 (2009)

Peeling–ballooning stability limits on the pedestal A139
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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.

Extrapolation to NSTX is @ R = 85 cm  !
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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

NSTX BP-TSG-Forum (Diallo)

Background: Overview

• ELITE predicts enhanced edge stability at low R/a 
- ELMy discharges in NSTX at the kink/peeling boundary from ELITE 

• NSTX has shown the pedestal height increases with triangularity and plasma 
current (Ip) consistent with higher R/a tokamaks
- Consistent with ELITE modeling
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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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R. Maingi, PRL, 103 (2009)

Peeling–ballooning stability limits on the pedestal A139
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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.

100 200 300
0

2

4

6

8

Major Radius (cm)

Pe
de

st
al

 P
re

ss
ur

e 
Li

m
it 

(k
Pa

)

δ = 0.0
δ = 0.3

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.

Extrapolation to NSTX is @ R = 85 cm  !
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• FY10 we completed the plasma current scan and documented the pedestal dynamics
• Pedestal height scales with Ip2  consistent with other tokamaks.
• The dynamical evolution of the pedestal height during an ELM cycle is documented.
• Observed no clear dependence of the pedestal height with toroidal field.

need to repeat the field scan in FY11 at high plasma current    [6 shots]

• Systematic investigation of shape effects on both the pedestal structure and peeling-
ballooning stability.
Shaping is known to have an effect in MHD stability

Complete pedestal structure vs triangularity to determine the pedestal width (make use 
of add’l MPTS).

How does the pedestal structure depend on the bottom triangularity?        Pedestal height increases
Is the pedestal buildup during an ELM cycle depending on the shaping?  Not enough data at low triangularity
Can we determine the range of values in triangularity enabling to transition from the peeling to peeling-ballooning dominated 
drive in the stability curve?
What are the fluctuation characteristics during an ELM cycle for high and low triangularity?

Elongation at fixed aspect ratio (to be developed in ASC)
Aspect ratio effects at fixed elongation on the pedestal

NSTX BP-TSG-Forum (Diallo)

Understand the pedestal structure prior to the onset of ELMs 
as a function of key plasma parameters as part of JRM11
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NSTX BP-TSG-Forum (Diallo)

Pedestal pressure height increases 
with triangularity
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Need to determine the pedestal width: requesting 1 day to complete the scan and 
perform the toroidal field scan at medium current with improved MPTS system.
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NSTX BP-TSG-Forum (Diallo)

Effects of Elongation on Pedestal Structure

• XGC0-ELITE has found that the effects of 
triangularity are somewhat weaker compared to 
the elongation. [Pankin IAEA 2010 THC/P3-05]

• Previous NSTX studies show clear effects of the 
triangularity on the pedestal height

• What is the relative strength of the two knobs?

• Use the developed scenario from SPG’ XP
• Perform elongation scan for low Ip keeping the 

outer gap fixed.
• Dial down lithium deposition rate to generate 

ELMy discharges.
• Ip = 700 - 800 kA and kappa ~ 2.3 - 2.6
• Request 0.5 day

5

•  ! scan at fixed aspect ratio."
•  Plasma height changes with 
fixed inner and outer gaps."



NSTX BP-TSG-Forum (Diallo)

Little difference in the pedestal structure was observed 
during cross machine comparison

• Little variation across machine 
with matching shape suggests 
that aspect ratio has little 
effects. 
– A ~ 2.85  & 1.42

• Contrasting ELITE 
calculations showing strong 
changes in aspect ratio led to 
variation in pedestal pressure 
at low triangularity.

• Attempt a scan in NSTX over 
a narrow range of aspect ratio 
with enhanced MPTS system.  

6

Topic: IT/P1-12

Maingi, IAEA FEC2006 paper

would not be surprising, because variation of the aspect ratio primarily affects the edge

magnetic topology. Determination of the effect of aspect ratio can take the form of an explicit

aspect ratio term in the pedestal scaling2, or a multi-machine comparison as discussed here.

Previous studies have confirmed the possibility of a strong aspect ratio dependence of the

pedestal. For example, a scaling study of the H-mode Te pedestal width (!Te) between DIII-D

and JT-60U showed clear differences in the pedestals; specifically !Te ~ "0.5 if solely attributed

to the aspect ratio

difference3.  M o r e

recently, stability

calculations with the

ELITE code4, 5 rather

robustly showed that

the pedestal pressure

was expected to

i n c r e a s e  w i t h

decreasing major

radius at moderate

s h a p i n g ,  i . e .

triangularity # ~ 0.3-

0.4 (Figure 1)6. Note

that this calculation

was done assuming a

fixed pedestal width,

so that the prediction

is effectively of the

cr i t i ca l  pedes ta l

gradient. Also, the

minor radius was held

constant, such that the

aspect ratio decreased

with decreasing major

radius. Thus the

prediction equates to an increase of the pedestal pressure gradient with inverse aspect ratio.

Other fixed quantities in this calculation were plasma current Ip, toroidal field Bt, and density;

the pedestal Te (Pe) and gradient were varied until the onset of the peeling/ballooning

instability. Note that this prescription of locating the peeling/ballooning boundary results in a

decreasing $e
* along the x-axis of Figure 1 because

7
 $e

* ~ Te
-2 "-1.5.

MAST, NSTX and DIII-D are ideal aspect ratio scan candidates, with the first two

machines providing a low aspect ratio comparison with " ~ 0.7, as compared with the DIII-D

" ~ 0.35. We note that the actual NSTX and MAST major radii lie to the left of the x-axis in

Figure 1, leading to the prospect of a measurably large difference in the pressure gradient

limit before the onset of intermediate-n peeling/ballooning modes.

Fig. 3. Profiles from DIII-D (blue stars - #121504), MAST (red

crosses - #16457), and NSTX (black circles - #120200) for: (a)

ne, (b) Te, (c) Ti, (d) $e
*. Note that panels (a) and (b) extend

radially further than panels (c) and (d). Error bars for NSTX

data are smaller than the symbols.
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NSTX BP-TSG-Forum (Diallo)

Document/Revisit the Aspect Ratio Effects on the Pedestal Structure at 
Fixed Elongation with Enhanced MPTS system

• Pedestal height increase with triangularity motivates 
scan of the aspect ratio.

• Target a small scan on NSTX! important test of 
theory with minimal changes in other parameters. 

• Enhanced MPTS system and scenario capability.
•  Scan A = 1.54 -1.74  with Ip ~ 700kA
• Dial down the lithium to insure ELMy discharges
• Request 0.5 day but aim to get enough data during 

scenario development from SPG’s XP.

7

•  Aspect ratio scan at fixed !."
•  Inner and outer gaps change 
at fixed plasma height"


