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Tirdal Love numbers

Astrophysical objects may be deformed by external tidal fields
(e.g. companion in a binary system)
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The tidal deformability of a compact object is expressed in terms of its
Tidal Love numbers, which depend on the internal properties of the object
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Gravitational waves

Compact objects may assemble in binary systems,
emitting gravitational waves as the coalescence proceeds
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Newtonian gravity
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Interactions of BHs with external tidal fields at long distances

Gravitational potential
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General Relativity

BH perturbation theory

dynamics of massless fields propagating in a Schwarzschild background
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Equation of motion:
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Black holes

The TLNs of (non-)spinning black holes in vacuum are exactly zero
within FEinstein gravity in 4-dimensions

Damour, Nagar (2009)
Binnington, Poisson (2009)
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This result has been connected to special symmetries of
perturbations fields around black holes

Hwui, Joyce, Penco, Santoni, Solomon (2021)
Charalambous, Dubovsky, Ivanov (2021, 2022)
Ben Achour, Livine, Mukohyama, Uzan (2022)

What happens for BHs in environments?



Dressed BHs

BHs surrounded by clouds of ultralight bosons can be tidally deformed
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Accretion
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a = GMgymy ~ O(0.1)

Corresponding TLNs may be used to probe the environment around merging BHs



Fvolution of dressed BH binaries
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Farly inspiral Tidal effects Disruption Inspiral
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After the cut-frequency, the inspiral proceeds with zero TLNs !

De Luca, Pani JCAP [2106.14428]



G W waveform with tidal effects

Gravitational waveform: ﬁ(f) — CQAPN€i¢PP(f)+i¢Tida1(f)

Tidal contribution:
H5PN order
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Frequency-dependent TLN
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How well can we measure the TLNs at GW experiments?

De Luca, Maselli, Pani PRD [2022.03343]



Fisher analysis

‘Model parameters: 5: {,/\/l7 1, Xss Xaste, e, dr,, 0, 0,1, 1, ]\, fouts fslope}
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Forecast tidal deformability using GW measurements
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Bounds on dressed BHs
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Forecasts on frequency-dependent effective TLN: kéi) X
case of BHs dressed by ultralight bosons
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Smaller number of waveform parameters, since My determines both TLN and cut-oft

Boson mass can be measured with accuracy of few percent with distances of Gpc

De Luca, Maselli, Pani PRD [2022.033/3]



Bounds on ultralight bosons

Forecast tidal deformability using GW measurements at ET or LISA
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o ET and LISA together could probe the ultralight range 10~17 <myp/eV < 10~ M

o Tidal interactions can be used to probe the range around 10714 eV,
filling the gap from other superradiance-driven constraints

De Luca, Pani JCAP [2106.14428]



Conclusions

Tidal Love numbers provide deep insights on the nature of compact
objects, and play a role in gravitational wave physics

Tidal Love numbers of black holes are found to be exactly zero in
the vacuum within Einstein gravity

LISA and ET can probe tidal effects from BHs dressed by scalar
condensates in the combined mass range (1077 — 107 !1)eV



Thank you!
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Metric of dressed BHs

Spherically symmetric isolated body within scalar field environment

Schwarzschild metric: d32 — _fdrU2 + 2dvdr + ,'42(1S)2j

Klein-Gordon equation: b —= m%q)

l a << 1
scalar field
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What is backreaction of the condensate on the BH metric?
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dress-driving process



Metric of dressed BHs: accretion

Spherical accretion flow of a scalar field & over a naked BH

- BH metric with cloud backreaction:
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oM (v,r) = 87T(2MBHw)2|(I>0|2v

+/ 4rr? (£18,8)? + 2| [2)dr

Perturbative expansion in scalar field: .

Babichev, Dokuchaev, Eroshenko (2012)
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Bamber, Tattersall, Clough, Ferreira (2021) 5)\(7“) _ _2/ 47T7“,|87~(I)|2d7“,.
T"BH

Backreaction depends on the BH properties and ‘)
on the profile of the scalar field condensate ®y—q(7)



Metric of dressed BHs: superradiance

Ultralight bosonic fields can trigger the formation of [T T T oS
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Brito, Cardoso, Pani (2015) /

o ! = () E— Treated as above for spherical perturbations

Backreaction
on the metric:

) /= 9 — Neglected (conservative estimate for TLN)

We neglect the spin of the final BH (subleading contribution to the TLN)

Pani, Gualtieri, Maselli, Ferrari (2015)



TLNs of dressed BHs

Solve EOMs of tidal perturbations on the metric with cloud backreaction,
and match solutions to asymptotic expansions
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Frequency-dependent TLN

Forecasts on frequency-dependent effective TLIN
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o All tidal parameters can be measured with high accuracy

e Potential of ET in measuring the transition point where the TLN vanishes

o Multiband analyses between ET & LISA for Mgy ~ 102M@

De Luca, Maselli, Pani PRD [2022.033/3]



Bounds on ultralight bosons
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Brito, Cardoso, Pani “Superradiance” Lect. Notes Phys. 971 (2020)



