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Mission: NSTX addresses key issues for fusion energy 
development, ITER burning plasma, and plasma science

• Enable attractive CTF to ensure 
Demo success, addressing unique ST 
development issues and benefiting 
from common ST-tokamak database.

• Support and benefit from USBPO-
ITPA activities, using the physics 
breadth provided by ST to prepare for 
burning plasma research in ITER. 

• Complement and extend toroidal 
plasma science, maximizing synergy 
in investigating key scientific issues 
of toroidal fusion plasmas.

ITER

CTF

DIII-D
C-Mod

JET
JT-60U

JT-60SA

EAST
KSTAR

NSTX

TnτE

↑

→ Time



Preparation for PAC-21 3NSTX Program for FY07-09

NSTX leads to attractive fusion systems & motivates 
research on start-up & ramp-up using limited induction 

• CTF will be needed after ITER to carry out integrated Demo power component 
testing and development.

• ST enables highly compact CTF with full remote maintenance and high duty 
factor, and provides potentially attractive reactor configuration.

• Very low A and high β lead to compact modular CTF that allows high duty factor
• Require plasma start-up & ramp-up using limited induction (VF, small iron core)
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Start-up & ramp-up research tests CHI, RF, NBI, VF, 
small central induction, etc. (PAC)

Test 400kA → 600kA (’07-’09)Compatible (ENB~ 
100-300kV)

JT-60U (≤700kA)NB + BS + VF

Collaborate on MASTRequires internal 
poloidal field coils

MAST (~500kA)Merging 
Compression

Simulate using partial solenoid 
swing

Can provide ~ 0.8 Vs 
(~1 MA with ECH)

e.g. JETSmall iron core

Test integrated scenarios to 
minimize induction (’08-’09)

Small induction+ 
(CHI/RF)+VF+NB+BS

HIT-II (CHI+OH); JT-
60U (RF+NB+VF+BS)

Integrated 
Scenarios

Collaborate on JET & C-Mod 
(XP’s submitted)

Compatible (>2T)PLT (~100kA)LHW + VF

Collaborate on LATE, TST-2, 
JT-60U; apply ECW/EBW* (’09); 

CompatibleTST-2 & LATE (~10kA); 
JT-60U (≤ 200 kA)

ECW/EBW + VF

Continue testing; apply 
ECW/EBW* heating (’09)

Improves with BTHHFW + VF

Encourage ’08-’10 
collaboration grant proposal

CompatibleCDX-U (~kA); Pegasus 
(~25kA~2ITF)

Plasma gun

Test for 2 kV & 300 kA (’08); 
couple to solenoid induction 
(’08); apply ECW* heating (’09)

Compatible; insulator 
survivability

HIT-II (~100kA); NSTX 
(~160 kA)

Transient CHI
NSTX StrategyUse in CTF (~10MA)DatabaseTechnique

*Collaboration proposal pending DOE review & decision pending
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All metal center ST stack

• Full 3D ANSYS model of the iron 
core plus copper TF with 
inconel spacers

• Initial model has: 
– 16 fold TF symmetry
– 8 fold Iron symmetry

• Results similar to 2D model with 
~0.4V of loop voltage for ~2s for 
an A~1.9 device

• Further design work required
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ST needs steady state high-heat-flux divertor physics 
data to enable projections to fusion applications

• High priority for ITER (P/R ~24 MW/m), JET (~16 MW/m), S/C 
tokamaks (KSTAR/JT-60SA: ~16/13 MW/m), and new long-pulse 
ST (QUEST) in Japan

• Understand physics and determine scaling of divertor heat fluxes
• Requires improved edge and particle control
• NSTX to investigate physics solutions via

• Divertor heat flux variations (’08)
• Lithium coating and liquid lithium divertor targets (’09)*

*collaboration proposal under DOE review and decision pending.

~10~ 5SOL expansion factor
~ 5% / all types

≤ 9

NSTX long pulse 
(κ ≤ 2.5, τ > τskin)

40 – 70P/R (MW/m)

~ 5% / small ELMsβped / ELMs

CTF (1-2MW/m2) 
(τ > weeks)

Sustained 
Parameters
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NSTX greatly extends stability and confinement 
parameters to support and benefit from tokamaks

• Utilize high beta to strengthen the common 
stability physics basis

• RWM control vs. rotation (’07)
• RWM stabilization physics vs. rotation (’09)

• Utilize extended ε, βth, ρ*, ν* to strengthen 
the common turbulence and transport 
physics basis

• Variations of local high-k turbulence (’07)
• Poloidal rotation to compare with theory (’08)

• Establish stability and confinement physics 
principles for projections to CTF

CTF



Preparation for PAC-21 8NSTX Program for FY07-09

NSTX contributes unique data to ITER on super-Alfvénic 
ion physics: overlapping modes can lead to fast ion loss

• Utilize this ST-ITER regime to shed light on fusion α heating physics
• Research and Joule milestones, in concert with theory Joule milestone (’07)
• Mode-modification of NBCD J(r) (’09)
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NSTX continues to extend the physics toward the 
normalized conditions of basic CTF performance

• Optimize integration of start-up, ramp-up & sustainment
• Perform high-κ wall-stabilized operation (’09)
• Enable HHFW H&CD capabilities (’09 incremental)
• Integrate mode modification of NBCD J(r) (’09 incremental)

WL = 1 MW/m2 3 MW/m2

A
pp

ro
x.

 f B
S

(0
.3
ε0

.5
β p

)



Preparation for PAC-21 10NSTX Program for FY07-09

FY07-09 research and DOE “Joule” milestones address 
these critical elements of NSTX mission

5) Boundary Physics: Interface between fusion plasmas and normal temperature surroundings
Study variation and control
of heat flux in SOL

4) Start-up, Ramp-up, Sustainment: Understand magnetic reconnection to simply fusion device configuration
Couple inductive current
ramp-up to CHI plasma

2) Macroscopic Stability: Role of magnetic fields on plasma pressure and bootstrap current
Characterize effectiveness of closed- Understand physics of RWM
loop RWM control & dependence on stabilization and control as
rotation using ITER-like control coils a function of rotation

1) Transport & Turbulence: Physical processes that govern heat, particle and momentum confinement
Study variation of local high-k Measure poloidal rotation at 
turbulence with plasma conditions low A and compare with theory

3) Wave-Particle Interaction: Role of electromagnetic waves & modes in sustaining and controlling hot plasmas
Measure, identify & characterize Study how j(r) is modified by
modes driven by super-Alfvénic ions super-Alfvénic ion driven modes

Exp. Run-Weeks: 12 1210-11

FY07 FY09FY08

“Joule” Milestones:
Super-Alfvénic ion driven Tentative: Rotation & TBD
mode physics momentum transport physics

6) Physics Integration: Integrated plasma operation scenarios to optimize CTF and ITER operations
Perform high-kappa wall-
stabilized plasma operation
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20 run-weeks in FY08 and FY09 would accelerate start-up, 
HHFW, liquid Li, and integration of *AE modification of J(r)

5) Boundary Physics: Interface between fusion plasmas and normal temperature surroundings
Study variation and control Characterize performance of a
of heat flux in SOL liquid lithium divertor

4) Start-up, Ramp-up, Sustainment: understand magnetic reconnection to simply fusion device configuration
Couple inductive current
ramp-up to CHI plasma

2) Macroscopic Stability: Role of magnetic fields on plasma pressure and bootstrap current
Characterize effectiveness of closed- Understand physics of RWM
loop RWM control & dependence on stabilization and control as
rotation using ITER-like control coils a function of rotation

1) Transport & Turbulence: Physical processes that govern heat, particle and momentum confinement
Study variation of local high-k Measure poloidal rotation at
turbulence with plasma conditions low A and compare with theory

3) Wave-Particle Interaction: Role of electromagnetic waves & modes in sustaining and controlling hot plasmas
Measure, identify & characterize Characterize & optimize edge
modes driven by super-Alfvénic ions plasma-HHFW interactions

Exp. Run-Weeks: 2010-11

FY07 FY09FY08

“Joule” Milestones:
Super-Alfvénic ion driven Tentative: Rotation & TBD
mode physics momentum transport physics

6) Physics Integration: Integrated plasma operation scenarios to optimize CTF and ITER performance
Perform high-kappa wall- Integrate *AE modification of
stabilized plasma operation j(r) into optimized operation

20
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ITPA 2007 Joint Experiments are important opportunities 
to support and benefit from ITER burning plasma research

Details @ http://http://nstx.pppl.gov/DragNDrop/Research_Forum_2006/
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Joint NSTX-NCSX 4-year collaboration proposals on 
major diagnostic collaborations are expected in 2008

• NSTX research collaboration effort: ~$5M/yr
• NSTX national collaboration renewed in 3-year cycles

• 2004; 2007: University and industry grants 
• Present collaborators: Columbia U, Comp-X, GA, Lodestar, MIT, 

Old Dominion U, U Wash, U, Wisc
• 2005; 2008: Major diagnostic collaborations

• Present collaborators: JHU, Nova, UC-Davis, UC-Irvine, UCLA, 
UCSD

• 2006; 2009: Laboratory collaborations
• Proposals in review by DOE; results to be announced in January 

2007

• 2008 proposals will begin NSTX-NCSX joint planning, as 
NCSX plans to start full research program in 2011
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Responses to PAC-19th meeting recommendations – I
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Responses to PAC-19th meeting recommendations – II
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Responses to PAC-19th meeting recommendations – III
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Responses to PAC-19th meeting recommendations – IV
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Responses to PAC-19th meeting recommendations – V
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Responses to PAC-19th meeting recommendations – VI
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