Current startup experiments in the SUNIST spherical tokamak

Abstract: SUNIST is a small university-scale spherical tokamak. The initial ohmic startup experiments showed the discharge duration was limited by the voltage-seconds provided only by the ramp-up edge of the ohmic field. To obtain a better platform for the other scheduled experiments in the SUNIST tokamak, the discharge duration must be extended and a longer plasma current flattop needs to be formed. The ohmic field power supply was upgraded to have the potential for ramp-down edge discharge. The upgraded ohmic field has been tested and the discharge durations have been extended to 4ms with the same level of plasma parameters as ramp-up discharges. The cause of poor current drive efficiency in initial ECCD experiments has been investigated. Summarizing the transient characteristics of microwave reflection, electron density and  emission, the perpendicular- and close- to plasmas alignment of the ECW horn antenna was thought to be responsible. 

1. Introduction

SUNIST (Sino-UNIted Spherical Tokamak) is a small spherical tokamak (ST) built at Tsinghua University in Beijing motivated by the attractive advantages of spherical torus plasmas, i.e. high toroidal beta, good MHD stabilities, low cost, etc. The major parameters of SUNIST are: . The main objectives of the SUNIST program are to explore the discharge character, edge plasmas, turbulence, and plasma current startup and sustain with/without central solenoid. What distinguishes SUNIST from other tokamaks is the special design of its vacuum vessel. The vacuum vessel consists of two half outer shells, between which a viton cross seal ring is inserted. This fluoride rubber ring electrically insulates the two half shells and cuts off the loop path of toroidal eddy current.

The first phase experiments in SUNIST were based on the ohmically started-up plasmas of ramp-up edge, where the discharge durations were limited to be less than 4ms and it was hard to obtain a flattop of plasma current. This increased a lot of difficulties in studying long time scale physical activities. But SUNIST indeed has the potential of achieving longer discharges, only the engineering schedule and the budget of first phase simplified the designs. The modification of ohmic field power supply towards longer duration of discharge is described

The attractive characteristics of spherical torus plasmas to some extent benefit from STs’ reduced size of central solenoid, which limits the maximum attainable volts-seconds. Therefore the difficulties of startup and sustain plasma current become a key issue in ST research. To recover the limitation of inductive current startup, various non-inductive startup methods are being investigated for STs. In SUNIST, the currently applied non-inductive current startup method is Electron Cyclotron Wave Current Drive (ECCD). But the initial result of ECCD was rather poor, a injection of 100kW/10ms microwave could only drive a 300A/300us spiky plasma current.

Even though very limited volts-seconds can be provided, a smaller size central solenoid remains beneficial in startup. Further more, the plasmas in SUNIST device maintained by ohmic field are essential for other auxiliary heating and current drive methods, such as Alfven waves heating and current drive. So it is also necessary to make this inductive current generation method better.

In this paper, results of ECCD experiments are firstly presented in Sec. 2. Sec. 3 describes the status of inductive startup by ramp down edge of ohmic field. Discussions and future plans are included in Sec. 4. Sec. 5 gives a summarization for the paper.

2. ECCD experiment on SUNIST
SUNIST has a toroidal magnetic field of 1500 G on axis and can be varied to as low as ~700 G. A 100kW/10ms microwave source is installed on SUNIST with a frequency of 2.45 GHz corresponding to the magnetic field strength. Consequently, the wave-plasma coupling becomes a key issue in our experiments. This is because of the low cut-off density of this low frequency of RF waves. Preliminary ECCD results on SUNIST obtained in 2005 showed the cut-off cause It was found that the 
Accompanied by better vacuum condition from cryo-pump, 
The results of single particle motion simulation in the magnetic configuration of SUNIST, which merely has a low toroidal field of 1500 Gauss, showed that the ionized particles run across the magnetic field lines quickly and lost after a few gyrations. This is quite different from the simulation result of the same configuration but has a toroidal field of 1.5 Tesla, ten times higher than in SUNIST. The lower capability of confinement of small spherical tokamaks was then naturally thought to be another important reason why it is more difficult to drive current by ECW. 

The transient characters of the ECCD experiments performed on small spherical tokamaks, i.e. TST-2, LATE, SUNIST are seems to be consistent with each other. Figure 1 compares the time evolution of plasma current under ECCD in these three devices. From this figure, it is revealed that the ramps up speed of the ECCD current at the initial stage are in the same order.
The toroidal field are scanned for a large range, with which the resonant position moves from R=0.2m to 0.53m. When the resonant position changing towards high field side, the reflection of microwave and the H-alpha emission decreases, but the plasma currents keep constant. These phenomena can be interpreted by the different distances from microwave launcher to plasmas layers or say resonant layers. Although the ionization rate keeps constant during the whole discharge process, the plasma current doesn't increase compare to those discharges with higher reflection. It is because the particles lose faster in a weaker toroidal magnetic field. The different polarization of the incident wave cause quite different efficiency of current drive.
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