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Determination of Bulk and Surface Superconductivity
of N2-Doped Cold Worked SRF Grade Niobium
Chetri, S.; Sung, Z-H.; Balachandran, S.; Lee, P.J.; Larbalestier, D.C. (FSU, ASC) and Dhakal, P. (Jefferson Lab)
Introduction

Nitrogen-doped Superconducting Radio Frequency (SRF) cavities have recently shown a great performance improvement in cavity quality factor, Q0, going beyond the theoretical limit due to the reduction of RF surface resistance [1][2]. However, these cavities quench in the medium accelerating field regime (Bpeak~80 – 120 mT) for reasons that are still not clear. Our previous studies on SRF grade polycrystalline Nb [3], through the use of AC susceptibility showed that cold work enhances the surface superconducting properties with an increased Tc,onset and an Hc3/Hc2 (r32) ratio higher than the ideal Ginzburg-Landau value of 1.7. In this study we apply the same techniques to characterize similar Nb samples that have additionally received the N2-doping treatment.
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Heavily cold-worked Nb rods were treated with standard SRF cavity treatment processes that include electro-polishing (EP) or buffered chemical polishing (BCP), baking at 120 °C and annealing at 800 °C. Some sample sets were sent to Jefferson Lab for N2-doping, in a process where Nitrogen gas is admitted into the cavity furnace towards the end of the standard 800 °C anneal (a final EP is then given). AC susceptibility was measured in a 9 T Quantum Design (QD) PPMS and DC magnetization in a 5 T QD SQUID system at the Applied Superconductivity Center. 
Results and Discussion


Figure 1 shows the variation of Hc3, Hc2 and r32 ratio of all the samples tested. N2-doping decreases the Hc3 value of the as-drawn Nb wires, suggesting that nitrogen may trap hydrogen if it is the only impurity in as-drawn wire. But, N2 has no significant effect on Hc3 of chemically treated wires. However, N2-doping increases the Hc2 value which drives the r32 ratio lower towards the ideal G-L value ~1.7.
Conclusions

In comparison to conventional cavity treatments, N2​-doping returns the r32 ratio to close to the ideal values of 1.7. A plausible explanation for these results is that the nitrogen interacts with interstitial segregations to dislocation structures that had previously blocked full recovery [4].
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Figure 1: Variation of (a) Hc3, (b) Hc2, & (c) r32 (Hc3/Hc2) ratio of all the samples tested with different cavity fabrication process based on DC magnetic-field-swept AC susceptibility.









