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Abstract: The search for new quantum materials with novel properties is often focused on 
materials containing transition-metal, rare-earth and/or actinide elements. The presence of 
the atomic-like d or f orbitals provides a fruitful playground to generate novel phenomena. 
The intricate interplay of band formation with the local electron correlation and atomic mul-
tiplet effects leads to phases that are nearly iso-energetic, making materials’ properties 
highly tunable by doping, temperature, pressure or magnetic field. Understanding the 
behavior of the d and f electrons is essential for designing and controlling novel quantum 
materials. Therefore, identifying the d or f orbitals that actively participate in the formation 
of the ground state is crucial. Here we developed a new experimental method that circum-
vents the need for involved analysis and instead provides the information as measured. With 
this technique, we can make a direct image of the active orbital and determine what the 
atomic-like object looks like in a real solid. To demonstrate the strength of the technique, we 
imaged the ground-state x2-y2/3x2-r2 hole orbital of the Ni2+ ion in NiO single crystal and 
unveiled the active orbitals in complex oxides as well as in highly metallic systems. 
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