High temperature superconductors (HTS) 

could play an important role in the future of tokamak fusion research and it is obvious, that small tokamak like GOLEM can be on duty to test this new technology in (even modest) real tokamak operation. The two copper poloidal ﬁeld coils of the GOLEM plasma position system were replaced by two coils with 6 turns of HTS (Re)BCO tape and liquid nitrogen was used to cool coils to below the critical temperature at which HTS becomes superconducting.

The HTS tape was subject to a wide range of experiments in which its performance under higher current loads and various current ramp-up speeds. No quench has been observed at DC currents up to 250A during bench tests. In the AC tests, current up to 1kA through the tape (6kA-turns through the coil) has been achieved with no degradation of the HTS performance afterwards and the rate of the current ramp in the HTS coil 0.6MA/s has been achieved. As can be seen in Fig. 1, an appropriate radial magnetic ﬁeld can prolong the plasma pulse by compensating the tendency of the plasma column to go upwards. With HTS coils in a superconductive

state the coils target current can be reached with a much lower capacitor bank charging voltage than with the coils in a non-superconductive state. However, due to the low resistance the characteristic time constant of the circuit changed and the stabilization pulse was much shorter, making it ideal for fast feedback systems. 
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Figure 1: Plasma displacement using the HTS coils. In discharges #9407 and #9408 the HTS coils were in a superconductive state and the capacitor bank charging voltage was only 70 V and 20 V whereas it was 400 V in discharge #9383 where the coils were in a non-superconductive state and the coil current was similar. Discharge #9409 is a reference discharge with no radial stabilizing ﬁeld.

Microwave preionization
Detail investigation of the radiofrequency discharge can help to learn conﬁnement conditions of microwave generated plasma when the toroidal magnetic ﬁeld is lower then resonant conditions for given frequency. This can be of interest for the ITER planned experiment, where the inital regime of it’s scenario is planned with toroidal magnetic ﬁeld two time lower then nominal. Secondly, for the GOLEM operation with the HTS poloidal ﬁeld coils in the superconducting regime, the modiﬁcations of the discharge scenario is required. To reduce AC losses during

current ramp-up in HTS coils, reduction in the current ramp-up speed is needed, as this will result in a slower ramp-up of the current in coils. One of possible solutions may be reduction in the loop voltage needed for the plasma breakdown. It is well known that RF pre-ionisation is a powerful tool to achieve this goal

A low-power magnetron at the EC fundamental harmonics for the toroidal ﬁeld of 0.1T at 2.45GHz, 1kW injected power was installed at the tokamak GOLEM (Fig. 2). The 
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ejected RF power was applied in a short (<1ms) pulse during the TF ramp-up and appeared to be sufﬁcient to create an RF plasma, see Fig. 3. A series of discharges, where the breakdown was reached through electron gun emmission (black) and MW preionization respectively exhibits the lower loop voltage demand for plasma breakdown, see Fig. 4.

[image: image3.png]



Figure 2: Experimental arrangement of the MW preionization device. Left: electrical scheme, right: instalation at the GOLEM tokamak
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Figure 3: Loop voltage characteristics of vacuum shot (black) and plasma discharge performed by means of microwave (red) - breakdown occurs when ECR layer is in the center of the vessel
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Figure 4: Microwave breakdown @ pH2 = 10 mPa HTS switch

The HTS coils on Golem have been tested using three types of power supply: inductive, from a DC PS and from a capacitor bank. We propose to try to clamp the PF coil after the capacitor bank current reaches the maximum and with this operate HTS coil without any current supply. With improved HTS switch it may result in signiﬁcant simpliﬁcation of PS on Golem. As a ﬁrst step towards the utilization of HTS coil at the tokamak GOLEM, table top experiment testing the proper soldering by measuring time decay of current inductively driven in HTS tapes, was build up, see 

Fig. 5. Results in the order of 10 s proved a sufﬁcient quality of the proccess.
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Figure 5: Experimental arrangement - test of HTS soldering.
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