
Narrative Highlight Text:
Understanding the emergent physical phenomena at surfaces requires the capability to probe local 
composition, recognize minute deviations from ideal structures, and explore atomic coupling to 
electronic properties. We report studies of the chemical and electronic structure and structural 
distortions of the (001) surface of La5/8Ca3/8MnO3 through direct mapping by high-resolution 
scanning tunneling microscopy (STM), directly visualizing order parameter fields and associated 
topological defects. From atomic resolution scanning tunneling microscopy images, we identity and 
refine the surface adatom locations and oxygen vacancies. From these, local distortion angles are 
extracted based on the refined coordinates of surface adatoms. In this way, we can obtain surface 
structure maps that clearly demonstrate the boundary between two domains with different 
distortion orientations. This behavior is discussed in terms of ordered Jahn-Teller distortions which 
arise due to the imposed effect of the oxygen adatoms on the surface. Specifically the pattern of 
oxygen adatoms, i.e. the pattern of local oxygen stoichiometry has a strong influence on the 
electronic structure of the surface. The surface oxygen adatoms impose a checkerboard pattern of 
crystal field environments, leading to a charge and orbital disproportionation of the surface Mn
lattice.  Overall, these studies provide an example of order parameter field mapping from high-
resolution STM, opening a pathway for probing electronic properties of topological defects and the 
interaction between order parameter fields and structural defects.
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