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Why should we care about ultralight bosons?

strong(est) contender for dark matter



Theory: QCD axion (strong CP problem)

Observations: potential tension of CDM with < kpc observations (core-cusp, missing 
satellites, too big to fail, ...), but maybe just baryon feedback?

Practical: new bosonic particles amongst simplest extensions to SM (ALPs, dark photon, ...)

Phenomenology: characteristic wave phenomena allows probing with observations
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Particle or Wave?

G.P. Thomson (1927)



Why can GWs unveil the nature of DM?

a clean window to strongest gravity fields in Universe

Window into the Universe, DALL·E (2024)​



Selective: we observe only GWs sourced close to strongest gravitational fields (e.g., black 
holes, neutron stars), where DM densities are also the largest

Clean: GWs interact very weakly with intervening matter (unlike EMs)

Long range: GW detectors sense amplitude strain, most EM detectors sense energy flux
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How to look for ultralight scalars with GWs?

two types of imprints in the GWs of "standard" sources

Two fingerprints, DALL·E (2024)​



Frequency modulation of GWs by a ULDM field
D. Blas, S. Gasparotto, R.V. [2410.07330]

S. Gasparotto (2024)​
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Hui, et al. [2101.11735]
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Continuous GWs from rapidly spinning NSs at the GC could probe masses < 10-22 eV

Chirping GWs from stellar BBHs and BNSs will probe masses up to ~ 10-20 eV, if at the 
centre of galaxies (at least) as massive as ours



Dephasing of LVK binaries by environmental effects
S. Roy, R.V., J. Aurrekoetxea, K. Clough, P. Ferreira [in prep.]

Favata/SXS/Thorne



But first, what densities can EMRIs probe? 
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F. Duque [2412.08711]
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What about compact binaries? 

Bamber, Aurrekoetxea, Clough, and Ferreira [2210.09254]
Aurrekoetxea, Clough, Bamber, and Ferreira [2311.18156]



(Newtonian) Analytic vs Numerical Relativity waveforms (prel. results)
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Bayesian MCMC analysis (prel. results)
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Take home
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GWs are an exciting new probe of the nature of DM and may well unveil it in near-future

GWs from spinning NSs & compact binaries at GCs are excellent probes of fuzzy DM (solitons)

Dephasing in GW signals from CBCs are (in principle) as interesting as those in EMRIs, and relevant 
bounds on the presence of environments can already be derived

Strong feedback from CBCs on the environments needs to be understood to exclude ultralight bosons



"Superradiant clouds may be relevant for close compact object binaries" [2401.15003]
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With Power comes Responsibility: better sensitivity asks for better modelling
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Systematics from different waveform models can impact astrophysical inference with future detectors. 
Up to 20% of sources with SNR>100 could have significant systematic bias. 

Kapil et al. [2404.00090], and many others

Systematic biases from waveform mismodelling will lead to false deviations of GR!!
Chandramouli et al. [2410.06254], Garg et al. [2410.02910], Roy & Vicente [2410.16388] , and many others
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