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Accelerator magnets place perhaps the highest demand on flux-pinning performance. 
Over the years, the quest for ultimate pinning performance has led to explorations of 
novel artificial pinning-center configurations in Nb-Ti conductors and theoretical 
discussions about periodic and gradient pin arrangements, which has overlap with topics 
explored by VORTEX workshops. The presentation will recall some of these discussions. 
Nb3Sn is the present workhorse material for accelerator magnets and the current target 
of ultimate pinning discussions. Nb3Sn lacks a dense arrangement of added pinning 
centers like BZO nanorods in REBCO, or precipitates or artificial pinning centers in Nb-
Ti. Accordingly, recent research has sought to add intragranular pinning centers. One 
set of experiments has augmented grain-boundary pinning with intragranular damage 
clusters created by irradiation, which has a side effect of increasing electron scattering 
and the upper critical field [1]. A second group of experiments has sought to reduce grain 
size to < 50 nm by addition of zirconia and rare-earth oxide nanoparticles, which could 
also function as point pins [2],[3]. In both cases, the shape of the bulk pinning-force curve 
improves for high-field applications, where the peak of the curve shifts from 20% to >30% 
of the irreversibility field, and new records of pinning force are being attained at 16 T, 
where future colliders might operate. Some insight about pinning limits can be obtained 
by making analogy to strengthening mechanisms in metals, since the elementary pinning 
forces are strong enough to cause plastic deformation of the flux lattice. For REBCO and 
Nb-Ti, each flux line has available a corresponding pinning center, so the flux-pinning 
situation may be analogous to an extreme degree of precipitate hardening like martensite 
in steel. This suggests that further strengthening may be difficult to attain in those 
materials. Strong pinning in Nb3Sn starts with the natural grain boundaries, where flux 
lines intersecting boundaries of ~100 nm grains effectively cage groups of ~ 50 flux lines. 
The situation may then be analogous to Hall-Petch strengthening, which builds in an 
inverse grain-size dependence and quantifies improvement for added intragranular 
pinning sites. Here, grain-boundaries attain a strong elementary pinning force due to 
conversion of Abrikosov vortices to hybrid Abrikosov-Josephson vortices [4]. This implies 
that detailed study of the grain boundary transparency could be illuminating. 
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