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Spectroscopy of Kerr black holes with Earth- and space-based
interferometers1 EMANUELE BERTI, Univ of Mississippi, ALBERTO SESANA,
Birmingham University, ENRICO BARAUSSE, Institut d’Astrophysique de Paris,
VITOR CARDOSO, Instituto Superior Tecnico, Lisbon, KRZYSZTOF BELCZYN-
SKI, Astronomical Observatory, Warsaw University — We estimate the potential
of present and future interferometric gravitational-wave detectors to test the Kerr
nature of black holes through ”gravitational spectroscopy,” i.e. the measurement of
multiple quasinormal mode frequencies from the remnant of a black hole merger.
Using population synthesis models of the formation and evolution of stellar-mass
black hole binaries, we find that Voyager-class interferometers will be necessary to
perform these tests. Gravitational spectroscopy in the local Universe may become
routine with the Einstein Telescope, but a 40-km facility like Cosmic Explorer is
necessary to go beyond z ∼ 3. In contrast, eLISA-like detectors should carry out
a few - or even hundreds - of these tests every year, depending on uncertainties in
massive black hole formation models. Many space-based spectroscopical measure-
ments will occur at high redshift, testing the strong gravity dynamics of Kerr black
holes in domains where cosmological corrections to general relativity (if they occur
in nature) must be significant.
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