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Dipole-dipole interactions which govern 
phenomena like Van der Waals forces, 
resonance energy transfer and co-operative 
atom-atom interactions are conventionally 
limited to the Coulombic near-field. Here, we 
reveal a class of real-photon and virtual-
photon long-range quantum electrodynamic 
(QED) interactions that have a singularity in 
media with hyperbolic dispersion. The 
singularity in the dipole-dipole coupling, 
referred to as a Super-Coulombic interaction, 
is a result of an effective interaction distance 
that goes to zero in the ideal limit irrespective 
of the physical distance. The Super-
Coulombic effect engineers the conventional 
non-radiative (longitudinal) near-fields as 
opposed to radiative (transverse) modes and 
will occur over a broad range of frequencies 
due to the broadband nature of the 
hyperbolic dispersion relation. This is 

fundamentally different from the interactions engineered in the cavity QED, waveguide QED or circuit 
QED regimes which only control transverse radiative fields. 
 
We show that this interaction affects the entire landscape of real photon and virtual photon phenomena 
such as the cooperative Lamb shift, the cooperative decay rate, resonance energy transfer rates and 
frequency shifts as well as resonant interatomic forces. While we find that the singularity is curtailed by 
material absorption, it still allows for interactions with much larger magnitudes and longer ranges than 
those found in any conventional media. We also propose multiple experimental platforms to verify our 
predicted effect with phonon-polaritonic hexagonal boron nitride, plasmonic super-lattices, as well as 
hyperbolic meta-surfaces. Finally, we will also present experimental results of dye molecules interacting 
through a hyperbolic medium which shows excited state lifetime reduction not present in any 
conventional medium (metal or dielectric). Our work paves the way for the control of cold atoms above 
hyperbolic meta-surfaces and the study of many-body physics with hyperbolic media. 
 
Fig. 1 (a) depicts a schematic of one proposed realization of Super-Coulombic dipole-dipole interaction 
using hexagonal Boron Nitride (h-BN) and two dopant atoms. Another possible realization utilizes 
hyperbolic metasurfaces (Fig. 1(b)). In the infrared spectral range, h-BN is a uniaxial material that supports 
ordinary waves (polarization perpendicular to the optic axis) and extraordinary waves (polarization along 
the optic axis). Extraordinary waves satisfy the hyperbolic dispersion relation (Fig. 1(c)). Macroscopic 
quantum electrodynamic theory shows the existence of unique resonance cone angles along which the 
dipole-dipole interaction diverges in a broad frequency range (Fig. 1(d)).  

Figure 1 Super-Coulombic dipole-dipole interactions along resonance 
cone angles in hyperbolic media (a) luminescent defect centers 
interacting in hexagonal boron nitride which is a natural hyperbolic 
medium consisting of Van-der Waals bonded 2D materials (b) 
hyperbolic metasurfaces and resonance cones (c) hyperbolic dispersion 
surfaces (d) highly directional broad-band interaction occurs along the 
resonance cone angle which are the asymptotes of the hyperboloid. 
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