
NSTX Program Addresses Broad Fusion Energy 
Sciences Missions Through Scientific Investigations

• Determine physics principles of ST (very high βT and A ~ 1.5)
• Complement lower βT and A ~ 3 experiments in addressing 

key scientific issues of fusion plasmas
• Support preparation for burning plasma research (ITPA, ITER) 

and benefit from it
• Complement ITER by establishing attractive configurations 

for Component Test Facility (CTF) and Demo 

Spherical Torus
(A ~ 1.5, β0 ~ 1)

ITER
(A = 3.1, R = 6.2 m)

CTF
(A ~ 1.5, R ~ 1.2 m)



NSTX Plans to Advance Research in Error Field, 
Locked Mode, RWM, and *AEs in FY06-07

5) Boundary Physics: Interface between fusion plasmas and normal temperature surroundings
Characterize Li pellet &  
evaporator coating effectiveness

Exp. Run-Weeks: 12-14 12-14

FY06 FY08FY07

4) Start-up, Ramp-up and Sustainment: Physical processes of magnetic flux generation and reconnection
Assess CHI creation of Test solenoid-free ramp-up
closed magnetic flux

2) Macroscopic Stability: Role of magnetic structure on plasma pressure and bootstrap current
Characterize effectiveness Characterize effectiveness of 
of closed-loop EF/LM control closed-loop RWM control

1) Transport & Turbulence: Physical processes that govern heat, particle and momentum confinement
Assess high-k turbulence Measure high-k turbulence

spectra and electron transport

12-14

TBD

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

TBD

TBD

TBD

TBD

6) Physics Integration: Synergistic effects of external control and self-organization

*DOE-Level “JOULE” Milestone Advanced Particle
Control Decision Point



NSTX Plans to Make Decision on FY08 MHD 
Milestone – NTM or Pedestal (ELM)?







MHD Suggestions of NSTX Participation from ITPACC-
IEA-LT Joint Meeting, November 1-2, 2005



Extensive Facility and Diagnostic Capabilities on NSTX
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Device Parameters

R = 85 cm

a = 65 cm

κ = 1.7 - 2.7

δ = 0.3 - 0.8

BT = 5.5 kG

τTF ~ 3 sec ~ 6 τskin (3.5kG)

Ip = 1.5 MA

Vp = 14 m3

Ep ~ 430 kJ

PNBI = 7.4 MW (110 kV)

PHHFW = 6 MW (30 MHz)

350°C vessel bake

Nearby passive plates

RWM / EF control coils

ICHI ~ 400 kA

60 cm dia. ports

Wide tang. access

Major Diagnostic Systems - Collab
Confinement Studies - Tang Access

Magnetics for equilibrium reconstruction (CU)
Diamagnetic flux measurement
Multi-pulse Thomson scattering (30 ch)
T-CHERS: Ti(R) and Vφ(r) (51 ch); P-CHERS (’07)
Neutal particle analyzer (NPA, 2D scanning)
Solid state NPA (UCIrvine)
FIReTIP interferometer (119mm, 6 ch) (UCD)
Density Interferometer (1 mm, 1ch) (UCLA)
Visible bremsstrahlung radiometer (1 ch)
Midplane tangential bolometer array
X-ray crystal spectrometer: Ti(0), Te(0)
MSE-CIF (8ch) (Nova); 14-19ch (’06-’07)

MHD/Fluctuation/Waves
High-n and high-frequency Mirnov arrays
Ultra-soft x-ray arrays – tomography (4) (JHU)
Fast X-ray tangential camera (2μs) (PSI)
μwave reflectometers (UCLA)
FIReTIP polarimeter (6 ch, 600 kHz) (UCD)
Tangential μwave high-k scattering (UCD)
Electron Bernstein wave radiometer
Fast lost-ion probe (energy/pitch resolving)
Fast neutron measurement
Locked-mode detectors
RWM sensors (n = 1, 2, and 3)

Edge/divertor studies
Reciprocating Langmuir probe (UCSD)
Gas-puff Imaging (2μsec)
Fixed Langmuir probes (24) (ORNL)
Edge Rotation Diagnostics (Ti, Vφ, Vpol)1-D CCD Hα cameras (divertor, midplane) (LLNL)
2-D divertor fast visible camera (HiroU, Nova)
Divertor bolometer (4 ch)
IR cameras (30Hz) (3) (ORNL)
Tile temperature thermocouple array
Scrape-off layer reflectometer (ORNL)
Edge neutral pressure gauges (UWash)

Plasma Monitoring
Fast visible cameras (Nova, HiroU, ORNL)
Visible survey spectrometer
VUV survey spectrometer
“Optical” X-Ray array spectrometer (JHU)
Fission chamber neutron measurement
Visible filterscopes (LLNL)
Wall coupon analysis
X-ray crystal spectrometer (astrophysics) (KBSI)
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