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While the existence of canted spin structures within magnetic systems has been recognised for
decades,  the  study  of  so  called  skyrmions  in  chiral  magnetic  materials  is  an  exciting  new
research  direction  which  spans  the  range  from  fundamental  science  to  potential  device
applications.  On a fundamental level, ferromagnetic (FM) exchange and Dzyaloshinskii-Moriya
(DM) interactions act to stabilise helical spin structures, as shown in Fig. 1a.  The application of
a  magnetic  field  then  results  in  the  formation  of  conical  phases  (Fig.  1b).   However,  most
tantalisingly, it has been shown that thermal fluctuations may make lattices of skyrmions (Fig.
1c) the most energetically  favourable ground state in a small  region just  below the ordering
transition temperature.  In thin films, finite film thickness, on the lengthscale of the chiral states,
imposes boundary conditions which allow the phase diagram to be controllably tuned.  Though
not fully understood,  the Skyrmion phase becomes preferentially stabilised.  Due to the ability to
move Skyrmions easily, their topological stability, small size (possibly down to 1 nm) and the
ability to write and erase individual Skyrmions, these materials are promising for information
processing [Nature Nano 8, 899 (2013)].
Using diffraction techniques, a helical phase leads to incommensurate  magnetic Bragg peaks
with two fold symmetry along the easy axis set by magnetocrystalline anisotropy.  By contrast,
the skyrmion lattice phase is marked by a characteristic hexagonal pattern of equal intensity,
aligned in the plane perpendicular to the applied magnetic field.  

Figure  1  :  Schematic  of  the
magnetisation  in  a)  the  helical,  b)
conical  and  c)  skyrmion  lattice
phases.   The  magnetisation  along
the external magnetic field vanishes
along  the  yellow  tubes  (From  S
Buhrandt  and L Fritz,  Phys  Rev  B
88, 195137 (2013)).

A  resonant  soft  X-ray  diffraction
investigation of the evolution of this
phase  and  competing  chiral  spin
structures  in  epitaxial  films  of  the

archetypal intermetallic compound FeGe has been undertaken within my group.  A Bsc thesis
project is offered, to analyse the resultant data,  gaining insight into evolution of canted spin
structures as a function of magnetic field and temperature.
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