
eos effe
ts in the early ns inspiral

Equation of State (EoS)- dependent tidal deformation

Small but robust signature in the waveform

Chara
terized by the tidal deformability λ

λ = −
(indu
ed quadrupole)

(perturbing tidal �eld)
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tidal deformability λ

Equilibrium star pla
ed in a tidal �eld E
ij

Linear response: Q

ij

= −λ E
ij

(indu
ed quadrupole)
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Computation of λ

Linear perturbations lead to a master equation for δg
tt

= H(r)Y
20

(θ, φ)

Inside the NS: numeri
ally

integrate

Outside: perturbed S
hwarzs
hild

with asymptoti
s

H ∼ (λ E)/r3 & E r

2
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λ for various eos models

Feature of NS EoS models:

�xed relationship R(m)

λ = λ(m) for a given EoS,

for a bla
k hole: λ = 0



λ for various EoS models



modelling the ns binary dynami
s

post-Newtonian formalism (weak �eld, slow motion)

internal quadrupolar degrees of freedom of ea
h star

parameterized by Q

ij


oupling to the 
ompanion's ℓ = 2 tidal �eld

leading order GW dissipation terms

⊲ Equations of motion for relative distan
e x, Q

ij

:
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effe
tive des
ription

Times
ales : ω
0

−1

− internal f −modes

ω−1

− orbital

t

rr

− gravitational radiation rea
tion

Adiabati
 limit: t

rr

≫ ω−1, ω−1

0

, solutions for quasi-
ir
ular orbits:

E (ω) = −
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2

(Mω)2/3
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]

,

Ė(ω) = −
32
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1
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]

Fourier transform of the GW signal:

h̃(f ) = Ae
iΨ

Obtain the phase from energy balan
e:

d

2Ψ/dω2 = 2(dE/dω)/Ė



effe
t on the gw signal

h̃(f ) =
Q(α, δ, ι, ψ)

D
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M
5/6

f

−7/6(1+ PN) e iΨ

Further adiabati
 approx. : ω ≪ ω
0

, simple tidal phase 
ontribution:

Ψ ∼ 2πft
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a

ura
y of the phasing model

Compute fra
tional 
orre
tions to the phasing model by relaxing the

approximations made.

At f = 450Hz≪ f

is
o

, these are < 10% :

⊲ Adiabati
 approx : (i) ω−1

≪ t

rr

: . 0.01

(ii) ω ≪ ω
0

: ≈ 0.012 (f /450Hz)

⊲ Higher multipoles: ≈ 0.007 (f /450Hz)
4/3

⊲ Nonlinear e�e
ts : (i) nonlin. response : ≈ 0.03 (f /450Hz)
5/3

(ii) nonlin. hydro : ≈ 0.002 (f /450Hz)
2

⊲ Spin: . 0.003, vis
osity: negligible

⊲ Higher PN: 1PN was dominant : ∼ 18%, 1PN now in
luded .




