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Experiments in NSTX have now demonstrated the savings of 200kA of solenoid flux after 
coupling of toroidal plasmas produced by the technique of Transient Coaxial Helicity 
Injection (CHI) to inductive sustainment and ramp-up of the toroidal plasma current [R. 
Raman, et al., PRL 104, 095003 (2010)]. This is a record for non-inductive plasma startup, 
and an essential step for developing a fusion reactor based on the spherical torus concept.  
The TSC code has now been used for a full discharge simulation of non-inductive start-up 
in which a Transient CHI initiated discharge is ramped up to 1MA using neutral beams. A 
method to eliminate the solenoid would remove a large component from the center of the 
tokamak, making the device simpler and less expensive. 

The key results from transient CHI start-up are briefly summarized below.
• NSTX and HIT-II, two machines of vastly different size (NSTX plasma volume is 

30 times HIT-II) have both shown significant levels of start-up current using CHI
• The method on NSTX is highly efficient, with an efficiency of 10Amps/Joule of 

initial stored capacitor bank energy.
• The scaling to larger machines with higher values of the toroidal field is quite 

favorable (NSTX has 10 times the current multiplication factor of HIT-II)
• The CHI generated plasmas have other desirable properties, compared to standard 

inductive discharges (these are low inductance and density and high elongation, 
discharges of the type required for Advanced Scenario operations in NSTX-U) 

• Simulations with the TSC code shows agreement with the theoretical understanding 
of CHI scaling to larger machines. [R. Raman, et al., Nucl. Fus. 51 (2011) 113018]

• Analysis of recent results from NSTX in combination with TSC simulations shows 
that CHI has the potential to generate the required currents for non-inductive current 
ramp-up in NSTX-U [R. Raman, et al., Phys. Plasmas 18, 092504 (2011)]

The NSTX-U device, which is now under construction at PPPL, will have numerous 
improvements that will enhance transient CHI start-up. These are: (1) factor of two increase 
in toroidal field, (2) more than 2.5 times the injector poloidal flux, (3) increased CHI 
voltage that would allow more flux to be injected, (4) full lithium coverage that will further 
reduce low-Z impurities and (5)  1 MW ECH system for increasing the electron 
temperature of CHI discharges to allow direct coupling to NBI current drive using a new 
second more tangential neutral beam system that is well aligned to drive current.
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