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Generation of New World Record DC Field 45.5 T with a 14.4 T No-insulation REBCO Insert Operated in a 31 T Resistive Background Magnet
Hahn, S.; Painter, T.; Kim, K.; Dixon, I.; Bhattarai, K.; Jarvis, B.; Kim, K.; Noguchi S.; Radcliff, K.; Xinbo, H.; Jaroszynski, J.; Abraimov, D. and Larbalestier, D.C. (NHMFL/ASC)
Introduction 
Two National Academy reports (COHMAG and MagSci) encouraged widespread application of ultra-high fields using superconducting magnets to reach >40 T [1, 2]. Recognizing that high temperature superconductors (HTS) are essential to achieve the goals, several “ΔB” HTS “insert” coils have been built and tested in background fields to forward the technology. Now an exciting spin on HTS magnet technology, No-Insulation (NI) coil winding, has enabled to more than triple the magnetic field produced previously by insert ΔB magnets. 
Experimental 
Fig. 1a shows to-scale drawing and picture of an NI-REBCO insert with the 31.1 T resistive background magnet (Cell 7). So far 3 NI inserts of the same type have been built, which consist of a stack of 12 single pancake coils wound with the new 30 μm substrate REBCO tapes manufactured by SuperPower Inc. The first one, a 9 T insert, generated a total field of 40 T in April, 2016, and the second one, an 11 T insert, 42 T in January, 2017. The latest one, a 14.4 T insert, generated a total field of 45.5 T, a new world record in DC magnetic field. 
Results and Discussion

Fig. 1b shows test results of the latest NI-REBCO insert in the 31.1 T background resistive magnet (Cell 7). The test was performed in a bath of liquid helium at 4.2 K. To mitigate the helium bubble problem, the so-called “bubble-eliminator” was designed, constructed, and implemented. The insert generated 14.4 T in the 31.1 T background field, i.e., a total combined field of 45.5 T surpassing the former record in DC field, 45 T. At 45.5 T, the average coil current density was 1262 A/mm2, while the REBCO tape current density 1419 A/mm2. Since the Hall sensor was calibrated only up to 44.8 T using the existing 45 T hybrid magnet, the fields above the Hall sensor limit were measured with a calibrated search coil. No burn-out was observed after the insert quench at 45.5 T but mechanical damages on the tapes were identified during our post-mortem analysis. Further investigation is in progress, which will provide valuable insights for our future high-field user magnet projects. 
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Fig.1 (a) To-scale drawing and picture of the NI-REBCO insert with the 31.1 T resistive background magnet in Cell 7 of the DC Field Facility.; (b) the 14.4 T insert generated a record high DC field of 45.5 T.
Conclusions

The new insert made a record high DC field of 45.5 T, which demonstrates a strong potential of the NI technique for >40 T DC user magnets in future. Yet, the mechanical damages identified during our post-mortem indicate that further careful R&D is required to understand the quench behaviors of NI coils in a microscopic level.  
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