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Unique Uses of Neutrons in the Search for Magnetic 

Skyrmions  

Magnetic skyrmions exhibit topologically protected quantum states which offer exciting 
new mechanisms for ultrahigh density and low dissipation information storage and also 
provide an ideal platform for explorations of unique topological phenomena and 
magnetic quasiparticles. Neutron scattering has played a crucial role in the scientific 
investigation of skyrmions, including providing the first evidence of their discovery.[1] 
Here I will discuss two projects in which neutron scattering has been quintessential in 
advancing our understanding of skyrmion spin textures. In the first of these works we 
demonstrate the realization of artificial Bloch skyrmion lattices over extended areas in 
their ground state at room temperature and zero magnetic field.[2] These artificial 
skyrmion structures are generated by patterning vortex-state magnetic nanodots with 
controlled circularity on an underlayer film with perpendicular magnetic anisotropy 
(PMA). Key to this work was demonstrating the imprinting of the chiral skyrmion 
structure from the vortex into the underlayer film. The imprinted feature, buried 
underneath the nanodots, was directly probed by specular and off-specular polarized 
neutron reflectometry measurements.  

In the second work we prepare a chiral jammed state in chemically disordered, B20 
structured (Fe, Co)Si consisting of skyrmion lattices, multi-q helices and labyrinth 
domains. Using small angle neutron scattering (SANS) we demonstrate a symmetry-
breaking magnetic field sequence which disentangles the jammed state, resulting in an 
ordered, oriented skyrmion lattice.[3] This sequence is independent of the initial 
orientation of the crystal, suggesting it could be applied to realize ordered lattices even 
in systems with overwhelming structural disorder such as powders. Indeed, ordered 
oriented skyrmion arrays are realized in powdered Cu2OSeO3 using the same sequence. 
Disentangling the jammed state changes the topological charge of the system and is 
accompanied by the nucleation of charged and un-charged magnetic monopoles. 
Micromagnetic simulations confirm the experimental results and suggest skyrmion-
skyrmion interactions may be responsible for the observed ordering. Beyond the 
important physics of these results this approach makes the rapid screening of candidate 
skyrmion materials possible by allowing the measurement of powder samples.  
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