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Testing the No-Hair Theorem Using Precessing Gravitational Wave

Bursts from Supermassive Binary Black Holes

ZHANG Zhaowei'?, HAN Wenbiao'-?

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. School of
Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Future space-based gravitational wave detectors such as LISA and Taiji are expected to
detect gravitational wave events from the mergers of supermassive binary black holes. In this pa-
per, we find that in addition to emitting the traditional inspiral-merger-ringdown gravitational wave
signals, strongly precessing supermassive binary black holes can also emit gravitational wave burst
signals generated by their own spin precession, which can be observed by space-based detectors.
By simulating gravitational wave signals from several precessing binary black hole systems, we
assess the capability of parameter estimation from gravitational wave burst signals radiated by the
black holes’ intrinsic quadrupole moments, providing a feasibility analysis for testing the no-hair
theorem. Utilizing the Fisher matrix method, we calculate the confidence intervals of the parameter
estimations. Our results indicate that if such gravitational wave burst signals can be detected, this
would directly confirm the existence of quadrupole moments in black holes. By cross-verifying
with gravitational wave signals from the inspiral-merger-ringdown phases, the no-hair theorem can
be further tested.

Key words: supermassive binary black holes; spin precession; gravitational-wave bursts; parameter

estimation; no-hair theorem
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