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Chapter 7: 

Conclusions and 

Future Work
In this thesis I have demonstrated that is possible to transport DWs in ferromagnetic nanowires at arbitrarily low velocities. This represents a key finding in transporting magnetized particles above DWs across arbitrarily lengths.

The approach used here is to confine the DWs into geometrically defined energy minima, i.e. rings. DWs are transported by applying a rotating field. The velocity at which the DWs travel depends on the ring radius and the frequency of the applied field.
Several rings of different widths were analysed under different applied fields and a range of frequencies of the applied field. The results show that the walls are pinned by defects as they travel in the ring. The defects cause the walls to lag behind the vector field. The lag depends strongly on the field strength, so that at higher fields the walls move smoother. On the other hand, a strong field would cant the magnetic moments in the ring and widen the DW. Based on this analysis, an equilibrium must be met so that the field is strong enough to overcome pinning by defects and low enough to avoid ring saturation.

The rings analysis allowed also the extraction of spot misalignment during measurements (how far from the bottom of the ring the spot has shifted). Another important factor that can be calculated based on lag extraction from measurements is the drive field, the field actually required to rotate the DWs in the ring.

The frequency of the applied field influences the local velocity when DWs depin from defects while they are rotated in the ring. A method of calculating this local velocity was described. The velocity calculated like this is roughly the same as the averaged one calculated as depending on the ring radius and field frequency.

Finally, some schematics are show of structures which would allow DWs transportation and perform logic gates in quantum information processors. One structure consists of successive rings separated by straight wires with notches. Here, the walls in the rings would rotate while those in straight wires would remain in the same place. Each half rotation of the field, the HH wall from one ring would come close to the one in the straight wire and allow the interaction of the atoms above them.

Another structure on which this analysis can be used is a wiggly wire, where half rings are connected at their end. This structure allows linear transport of DWs still at low velocities. The structure is based on the analysis presented for rings, where rotating fields drive the DWs in the structure. By applying successive clockwise and anticlockwise fields, the walls travel through the structure over large distances. Again, larger fields which overcome the pinning by defects are the ones which make this propagation possible far in the structure. Again, also here the saturation of the structure must be taken into account and avoided.

Finally, multi-ring structures are analysed to study the influence of large periodic pinning of DWs across a correlated system. This is relevant in the light of interacting magnetic systems as well as to DW atom trapping as a means of stimulating collisional atomic interactions. Neighbour rings in this kind of structures can introduce DWs into other rings through junctions. Also, due to pinning, DWs might also annihilate. In low fields, each field cycle the number of DWs can be different. This behaviour is similar to that of some particles in a box with two chambers: each particle can find itself in one of the two chambers, similar to our rings which can be in either vortex or onion state.

An area that can be investigated further is represented by multi-rings where, based on the theoretical analysis developed, there might be established some probabilities of DW passing the junction as function of the applied field. This way it could be calculated for each applied field the number of rings in onion and vortex state. Further these calculations can be proven with experimental analysis. Imaging the structures might be another way of calculating these probabilities.

The level of control over DW positioning demonstrated here and the ability to propagate DWs at arbitrarily low velocities would be difficult to achieve using standard field/current induced methods of propagating and, while it is unlikely that my approach could be implemented into the high-speed information technology applications, it will be ideal for use in applications where DWs are used to transport magnetized particles such as ultra-cold atoms or magnetic micro-beads.

Having demonstrated the DWs propagation at low velocities, still remain the problem of atom trapping and transporting. This will be done by atomic physicists at Durham University soon. Also, other structures that can allow DW transport at low velocities might be developed.
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