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Compact object merger

(B.P. Abbott et al, Phys. Rev. Lett. 116, 061102)
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Tidal deformability

(Katerina Chatziioannou, Gen Relativ Gravit 52, 109)

• Phase of gravitational waveform depends on tidal

deformability
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Relativistic tidal Love numbers - Static background
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Induced multipole moments (adiabatic relations):
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Effects of rotation

Slowly-rotating: 1st order in spin (Hartle-Thorne metric)

Assumptions:

• Time-independent perturbations

• Axisymmetric perturbations

• Static fluid (δut ̸= 0, δui = 0)

• Quadrupolar and octupolar, electric and magnetic external

tidal fields
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Effects of rotation

New induced multipoles sourced by the coupling between spin χ

and the tidal field of opposite parity and l ± 1
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Rotational Love numbers’ definition
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Ratio between RTLNs
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Ratio between RTLNs - what is happening?

Hidden symmetry between RTLNs!

• Ratios of rotational tidal Love numbers of opposite parities

are independent of equation of state

• Result valid for non-polytropic EOSs

However:

• ≲ 5% deviation from predicted value at higher compactness

(but still EOS independent)
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Gravitational waveform
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• Λ̂, Σ̂: spin-TLNs

• K̂ : tidal tail

• Γ̂: RTLNs
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Effect of spin-tidal terms
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Measurability of Γ̂

EOS χ1 χ2 Λ̃ Γ̂

χ = 0.1
APR4 0.10+0.06

−0.12 0.10+0.19
−0.10 550+80

−90 7.7+1.8
−2.0 × 105

SLy4 0.10+0.06
−0.10 0.10+0.17

−0.10 690+90
−90 8.4+1.9

−1.9 × 105

χ = 0.05
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−1.6 × 105

But spins and RTLNs entangled:
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Measurability of spins is a work in progress
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Conclusions

• We developed tools for RTLN computation

• Hidden symmetry confirmed for opposite parity RTLNs

• 6.5PN tidal terms (RTLNs included) necessary for accurate

measurement of tidal deformability Λ̃

• Γ̂ constrainable but innacuracy on spin measurement could

prevent its use for EOS studies

• Next step: dynamical tidal perturbations
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Newtonian Love numbers

Gravitational potential of deformed body:
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RTLNs in a Lagrangian formulation

Phys. Rev. D 98, 104046 (2018), Abdelsalhin et al

• Impact of RTLNs in the GW phase at 6.5 PN order

• Studied via a Lagrangian formalism:
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• Simplification of adiabatic relations

• σ32 = 8λ2σ3α, λ23 = 2λ2σ3α

• λ
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Dynamical detour

• Previous computations done under ”static” fluid assumption:

δui = 0

• Physically motivated conditions are of irrotational fluid:

δur = δuθ = 0, δuϕ ̸= 0, in the static limit

For a slowly-rotating object, δuϕ depends on dynamical quantities;

time-dependent perturbations necessary



Impact of RTLNs in measurement of Λ̃

(h|hT ) = 4R
∫ fmax
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df
h̃(f )h̃∗T (f )

Sn(f )

• Sn(f ): noise spectral density; design aLIGO and ET

• h: ”true” signal

• hT : template signal

M(h(γ0), hT (γT )) = max
θ0,θT

(h|hT )√
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