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High Density Nuclear Matter Physics

lower λ 
→ softer Equations 
of State

tidal deformability λℓ

*inspiral phase



High Density Nuclear Matter PhysicsHigher-Order Tidal Deformabilities 𝝀𝟑, 𝝀𝟒
& Spin-Induced Multipole Moments 𝑺𝟑,𝑴𝟒

Needed in GW Template
EoS=SLy4, D=100Mpc, Einstein Telescope

(left) K. Yagi, Phys. Rev. D89, 043011 (2014) modified
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(right) M. Haberland et al., Phys. Rev. D112, 084024 (2025)
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EoS-insensitive Universal Relations

more # of params in 

GW template → degeneracy

 
universal relations
e.g., ഥ𝑀2 = ഥ𝑀2

ҧ𝜆2
(Yagi and Yunes (2013))

allow 𝝀𝟑, 𝝀𝟒, 𝑺𝟑,𝑴𝟒 to be 

included w/o adding 

independent parameters.

Previous:10-20% frac. diff. 

Improve?



Result： O(1)% Universal Relations & 
Explanation of Tendency of Frac. Diff.

↑Explain these by the power of

compactness= 𝑀∗/𝑅∗
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  ~ ( GW   phase   shift ) / 2 π
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     M - 2 =    M - 2  (     𝜆 - 2 )
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