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The presence of color center defects in ancient minerals can be used to infer rare, high-energy nuclear recoil
events due to neutrinos and dark matter. In order to be suitable for this approach, a mineral needs to have
a propensity to form optically active color center defects as a result of lattice damage and subsequent relax-
ation. First-principles methods for computing electronic and optical properties have been very successful in
explaining the behavior of color center defects for quantum applications in silicon, diamond, and other pris-
tine, non-polar materials. However, accurate prediction of defect properties in natural minerals such as halite,
olivine, and corundum pose a challenge for ab initio methods, due to their polar structures, complex compo-
sitions, and disorder. We overview the various computational approaches used to predict optical properties
and formation of color center defects in minerals, including the selection of hybrid functionals to reproduce
experimental optical transitions [1,2], charge and spin state effects on formation energies and barriers, and
configurational averaging to account for lattice disorder. We present recent results on promising mineral
candidates and discuss their suitability for detecting nuclear recoil events.
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