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In practice, the smallest entity which can portray a well defined magnetic moment over time is
a single magnetic atom, which can be viewed as the building block of functional magnetic
nanostructures. Apart from the profound implications in magnetic data storage, the structural
design and the control of the magnetic properties down to the atomic level is a prerequisite to
address the new Physics emerging on the nanoscale. Spin-polarized scanning tunneling
microscopy (SP-STM) has proven a powerful tool to perform real space magnetic imaging with
atomic resolution [1,2]. On the other hand, STM facilities have the unique ability to precisely
manipulate adatoms and molecules on surfaces [3,4]. The combination of both techniques
would be the paradigm for experiments on artificially built spin structures. In this work we
perform for the first time simultaneous atomic manipulation and SP-STM to achieve absolute
control of the magnetization direction of transition metal atoms on a well established reference
magnetic template. We used an iron coated tungsten tip to precisely move individual magnetic
atoms on a magnetic substrate. Direct exchange interaction couples ferromagnetically the atom
magnetization to the substrate nearest neighbors. Thus, positioning the atoms on template sites
having different local spin direction allows setting the adatom magnetization by means of
lateral manipulation. SP-STM performed with the same tip on several atomically engineered
magnetic nanostructures reveals clear spin contrast, which can be understood on the basis of
density functional theory within the generalized gradient approximation. The magnetic contrast
is explained in terms of spin-resolved imaging of atomic orbitals, and it can be used to
univocally determine an arbitrary atom magnetization direction. This work opens up an
appealing research opportunity on the field of magnetic interactions in atomically tailored
nanostructures.
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