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Impact of Electro-polishing on AC and DC Magnetization of N2-doped SRF Grade Nb
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Impurity doping produced by high temperature exposure to nitrogen gas followed by a few microns of surface removal by electropolishing (EP) produces a remarkably increased Q-value in Nb SRF cavities due to a reduction in the RF surface resistance [1][2]. Our previous studies of polycrystalline Nb[3][4], have shown that AC susceptibility and DC magnetization on small coupon samples can be used to probe the impact of changes in the cavity processing recipe on their surface superconducting properties. In this study we used these techniques to investigate the properties of N-treated high purity ingot Nb with different levels of surface removal.
Experimental


Single crystal cylinders were cut from a high purity ingot Nb (RRR~300) sheet manufactured by Tokyo Denkai (TD). The samples were buffered chemical polished (BCP) for an hour and then sent to Jefferson Lab for heat treatment and nitrogen doping. We measured AC susceptibility measurements using a 9 T Quantum Design (QD) PPMS and DC magnetization using a 5 T QD SQUID system at the Applied Superconductivity Center (ASC).
Results and Discussion
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A comparison of the DC magnetization curves (Figure 1) shows that the areas enclosed in each curve (a measure of the flux pinning), are significantly reduced when Nb is N-doped and then further reduced after EP. After 20 µm of surface removal by EP, there is no further decrease, implying that there is no further reduction in the density of pinning sites in the coupons. From our AC susceptibility measurements, we can extract surface Hc3 and Hc2 values (Figure 2) and these show that the N-doping increases both the surface Hc3 and Hc2 values, a result consistent with N alloying the surface. This contrasts with our previous measurements on cold worked polycrystalline Nb previously N-doped, which showed no significant change in Hc3 value [4]. For these unstrained single crystal samples, the Hc3 values decrease after the initial EP (as well as a small change in the Hc2 values). Additional EP has little impact on Hc2 and Hc3, suggesting that the Nitrogen concentration is almost constant at greater depths.
Conclusions

BCS theory predicts that temperature-dependent component of RF surface resistance drops with mean free path to a minimum at half the coherence length; these measurements show how the N-doping treatment creates a “dirty” superconducting surface with reduced mean free path and thus reduced surface resistance and increased Q.
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Figure 1: DC magnetization curve as a function of external magnetic field at constant temperature 4.2 K.
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Figure 2: Variation of (a) Hc3, and (b) Hc2 for all samples (extracted from DC magnetic-field-swept AC susceptibility.








