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GW spectrum of ‘material’ binaries (e.g. BNSs)

Phase evolution differs from PP because of extended-body

interactions:

Ψ(f ) = ΨPP(f )+Ψtidal(f )

Ψtidal breaks the post-Newtonian v/c expansion degeneracy.



Binary inspiral vs the sensitivity curve

Frequency-domain signal model h̃(f ) (Fourier transform of h(t))
to compute the matched-filter SNR and compare with the

sensitivity curves:

h̃(f ) = Q(angles)
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where the frequency domain phase Ψ is (in the point-particle

approximation):

Ψ(f ) ≡ ΨPP(f ) = 2πftc − φc −
π
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with v denoting the orbital velocity:

v ∝ (πMfGW )1/3



Signature of matter in binary NS waveforms
Tidal tensor Eij of one of the components induces quadrupole

moment Qij in the other:

Qij = −λEij → λ = size of quadrupole deformation
strength of external tidal field

In lowest-order approximation: λ =
2

3
k2R5

λ - tidal deformability,

k2 ∈ (0.05, 0.15) - the Love

number (dependent on M and

EOS).

⋆ From the scaling this is a 5PN effect (v/c)10

⋆ Convenient redefinition: Λ = Gλ

(

GM

c2

)
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GW170817: initial constraints on dense matter

⋆ Chirp mass M = (m1m2)
3/5

(m1+m2)
1/5 = 1.188+0.004

−0.002 M⊙,

⋆ m1 ∈ (1.36, 1.60), m2 ∈ (1.17, 1.36),

⋆ Λ̃ = 16
13

(m1+12m2)m
4
1
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4
2
Λ2

(m1+m2)5 ,

⋆ High-spin prior Λ̃ ≤ 800, low-spin prior: Λ̃ ≤ 900



Λ is not (only) about M and R
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What about the phase transitions?

(Demorest et al., 2010)



What about the phase transitions?

Strong (destabilizing) phase transitions with a parametric EOS

class (Sieniawska et al. 2018 [arXiv:1807.11581], in review):

⋆ SLy4 crust + polytrope (1) + simple quark bag model (2),

⋆ (1) ↔ (2) connected with a density jump λ = n2/n1,

⋆ Speed of sound
√

∂P/∂ρ < c,

⋆ Mmax > 2 M⊙.





M(R) diagram

11 12 13 14
R [km]

1.0

1.5

2.0

2.5
M

[M
⊙

]
Photon orbitCausality

Speed of sound in the quark core vs = 1



Λ on M(R) diagram
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Λ on M(R) diagram
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Λ1.4 on M(R) diagram (Annala et al., 2017)



Λ1.4 on M(R) diagram
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M(R) vs Λ1 − Λ2
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M(R) vs Λ1 − Λ2
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M(R) vs Λ1 − Λ2: strong phase transitions
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(EOS differ by only n0, crust-polytrope connection point)



M(R) vs Λ1 − Λ2: strong phase transitions
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Λ̃ vs R(m1) (Raithel et al., 2018)



Λ̃ vs R(m1): strong phase transitions
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Conclusions

In arXiv:1807.11581 we study generic features of tidal

deformability with strong phase-transition EOS:

⋆ Softening due to phase transitions decreases Λ, Λ̃,

⋆ Non-trivial M-Λ relation,

⋆ Future observations of GWs can be used to constrain this

degree of freedom (e.g. the LIGO-Virgo O3 predictions: a

few BNS mergers),

⋆ NS radius from GW observations with ∼10% error (?)


