Nanoscale Casimir force softening originated from quantum surface responses
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Abstract

Strong coupling between vacuum fields and quantum matter occurs at the nanoscale and broadens the horizon of light-matter interaction. Nanoscale Casimir force, as an exhibition of

vacuum fields, mevitably experiences the influence of surface electrons due to their quantum character, which are ignorable in micron Casimir force. Here, we develop a three-

dimensional conformal map method to tackle typical experimental configurations with surface electron contributions to Casimir force purposely and delicately included. Based on this

method, we reveal that quantum surface responses (QSRs) can either enhance or suppress the nanoscale Casimir force, depending on materials and crystal facets. The mechanism 1s
~ demonstrated to be the Casimir force softening, which results from s QSRs effectively altering the distance seen by the Casimir interaction. Our findings not only highlight the
@teraction between QSRs and vacuum fields but also provide a recipe for theoretical and experimental investigation of nanoscale fluctuation-type problems.
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Conclusions

v" A three-dimensional conformal map (3D-CM) method can handle typical experimental geometries, such as sphere-plate and bi-sphere.
v Our 3D-CM method is efficient and accurate whether it is compared with FEM or MEM.

v Enhancement/suppression of nanoscale Casimir force. \Hewan Zhang and Kun DingT, PhYS. Rev. Lett. 134, 146901 (2025) ,

v Casimir softening distance L, = L + 2.
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