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Black holes and nilmanifolds: quasinormal modes as
fingerprints of extra dimensions
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Quasinormalmodes (QNMs), the damped oscillations in spacetime that emanate from a perturbed body as it re-
turns to an equilibrium state, have served for several decades as a theoretical means of studying n-dimensional
black hole spacetimes. These black hole QNMs can in turn be exploited to explore beyond the Standard Model
(BSM) scenarios and quantum gravity conjectures. With the establishment of the LIGO-Virgo-KAGRA net-
work of gravitational-wave (GW) detectors, there now exists the possibility of comparing computed QNMs
against GW data from compact binary coalescences. Encouraged by this development, we investigate whether
QNMs can be used in the search for signatures of extra dimensions. To address a gap in the BSM literature,
we focus here on higher dimensions characterised by negative Ricci curvature. As a first step, we consider
a product space comprised of a 4D Schwarzschild black hole spacetime and a 3D nilmanifold (twisted torus);
we model the black hole perturbations as a scalar test field. We find that the extra-dimensional geometry can
be stylised in the QNM effective potential as a squared mass-like term. We then compute the corresponding
QNM spectrum using three different numerical methods and determine constraints for the extra dimensions
for a toy BSM model.
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