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NSTX Strategy Is to Address Issues Important for ST 
and for ITER, and Maximize Synergy

• Explore physics of Spherical Torus / Spherical Tokamak to 
provide basis for attractive U.S. Component Test Facility 
(CTF) and Demo.

• Support preparation for burning plasma research in ITER 
using physics breadth provided by ST; support and benefit 
from ITPA.

Complement and extend tokamak physics experiments; 
maximize synergy in investigating key scientific issues of 

toroidal fusion plasmas
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NSTX Science Naturally Supports ST Specific and 
Burning Plasma Needs with Strong Synergy

ITER (ITPA)

ST CTF

ITPA (~2/5)

ST (All)

Tokamak (~3/4)

NSTX Science
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NSTX Research Supports a Strategic CTF Option 
for the U.S.

CTF 
• Is required to develop the 

engineering and technology basis 
for practical fusion energy.

• Is to “complete first round of 
testing” by 2025 in DOE Strategic 
Timeline.

• Achieves 6 MW-yr/m2 (= 20 x ITER) 
without exhausting world tritium 
supply.

• Contributes database for ST Demo.

R0 = 1.2 m, a = 0.8 m, κ = 3.2, 
Ip ~ 10 MA, WL ≤ 2 MW/m2, 

Full Remote Maintainability
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NSTX Research Addresses Critical CTF Science in Stability, 
Fast Ions, Confinement, Solenoid-Free Operation & Divertor

≤2.7~3.2Elongation, κ

0.3 – 0.8~0.2n/nGW

1 – 43Super-Alfvénic Vfast/VA

0.1 – 0.2, 0.50.5, 0.5INB+RFCD, IBS fractions
~0.26≥3.8μ0liRIp (Wb)

≥0.60.5Internal inductance, li

~0.08~0.001Avg. collisionality, ν*

≤25≤24βT (%)

~60~90Avg. a/ρi (=1/ρi*)

≤9

NSTXCTFSustained Parameters

≥30P/R (MW/m)

Stable CTF Equilibrium
βN=3.9, βT=24%, li=0.5
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ST Research Supports, Supplements, and Benefits 
from ITER

Tests much greater 
flux expansion, 
lithium edge.

Extends transport 
studies to higher 
beta and flows. 

Extends alpha 
physics to higher 
Vf/VA. Efficient EBW 
current drive.

Extends studies to 
higher beta, flow, S 
(qI/aB), low aspect 
ratio. Current 
startup.

Supplements

Long pulse at high 
P/R.

Tests very high P/R, 
pedestal physics.Plasma-wall

Transport at low 
collisionality ν*

Tests turbulence 
with dominant 
electron transport, 
unique diagnostics.

Transport

Nonlinear alpha 
physics, burn 
control.

Vf/VA > 1 relevant to 
ITER at normal 
operating point –
with MSE.

Energetic 
Particles

ELMs at low 
collisionality ν*

Stabilization with 
active feedback & 
variable flow; 
physics and scaling.

Stability

Benefits fromSupportsSpherical 
Torus
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NSTX Makes Important Contributions to ITPA, Which 
Also Benefit ST Research – I
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NSTX Makes Important Contributions to ITPA, Which 
Also Benefit ST Research – II
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ST Science and ITPA Needs Guide NSTX Research

Decisions: Core fueling & adv exhaust
EBW & pre-ionization source

Decision: Major next-step
fluctuation diagnostics

5) Boundary Physics: Interface between fusion plasmas and normal temperature surroundings
Characterize effects of Li Study edge/divertor at low ν*
wall coating on recycling with ITER-level heat fluxes

4) Start-up, Ramp-up, Sustainment & Physics Integration
Assess requirement for CHI Perform long-pulse plasmas
creation of closed magnetic flux in conditions relevant to CTF

2) Macroscopic Stability: Role of magnetic structure on plasma pressure and bootstrap current
Characterize effectiveness Characterize effectiveness of closed-
of closed-loop EF control loop RWM control & dependence on 
using ITER-like control coils rotation using ITER-like control coils

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

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

Exp. Run-Weeks: 12 1011

FY06 FY08FY07
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NSTX Plans to Address Issues Important for ST and 
for ITER, and Maximize Synergy

• Explore physics of Spherical Torus / Spherical Tokamak to 
provide basis for attractive U.S. Component Test Facility 
(CTF) and Demo.

• Support preparation for burning plasma research in ITER 
using physics breadth provided by ST; support and benefit 
from ITPA.

Complement and extend tokamak physics experiments; 
maximize synergy in investigating key scientific issues of 

toroidal fusion plasmas
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