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Flux Trapping Study on SRF Grade Niobium Using DC Magnetization
Chetri, S.; Balachandran, S.; Lee, P.J.; Larbalestier, D.C. (FSU, ASC); Dhakal, P. (Jefferson Lab)
Introduction

The quality factor of superconducting radio-frequency (SRF) niobium cavities is dependent on the surface resistance (Rs) of Nb. The surface resistance is composed of two components: (i) temperature dependent BCS resistance (RBCS) and (ii) temperature independent residual resistance (Rres). One of the contributors to Rres is the flux trapped during the cool down of the cavities below TC. In this study we use DC magnetization measurements on small SRF-grade Nb samples to explore the flux trapping behavior of Nb that has undergone different thermal treatments including the novel low temperature nitrogen infusion treatment.[1][2] 
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Experimental


Cylindrical samples (length ~ 3 mm and diameter ~ 1 mm) were cut by wire electron discharge machining (EDM) from high purity (RRR>300) fine grain niobium at Jefferson Lab. These samples were BCP’ed, heat treated at 600 °C for 10 hours and again etched by BCP. The samples were then heat treated at 800 °C for 3 hours followed by a 120-160 °C bake for 48 hours with or without nitrogen infusion at a partial pressure of 25 mTorr. We measured DC magnetization using a 5 T QD SQUID system at the Applied Superconductivity Center.
Results and Discussion
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The area enclosed under the DC magnetization curve for all the Nb samples (shown in figure 1) are almost identical, indicating that the overall pinning site density is rather independent of the particular thermal treatment. However, warming the samples to Tc after cooling them below Tc in the presence of a small 1 mT external field did discriminate their behavior. From figure 2, it is observed that there is almost complete flux expulsion (i.e. no significant vortex pinning) for Nb heat treated at 800 °C for 3 hours and also that significant flux was trapped in samples that had undergone a 120-140 °C bake with or without nitrogen infusion.  
Conclusions

We found that low temperature baking of Nb with or without nitrogen infusion following an 800 °C annealing heat treatment does not significantly change the pinning site density. However, field cooling below TC at low external field did discriminate the behavior. We conclude that differences in DC magnetization hysteresis are largely surface-dominated.
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Fig.1 Isothermal DC magnetic hysteresis at 4.2 K for fine grain Nb after different thermal treatments.





Fig.2 Temperature-dependent DC magnetization curves for fine grain Nb measured after turning off the 1 mT external field in which the samples were cooled.









