
-Love- , but  too     I Q δM
Eneko Aranguren with the collaboration of  

 
José Antonio Font, Nicolas Sanchis-Gual, Raül Vera

1



Semi-analytical perturbative approach
Background configuration + Perturbations


We consider two scenarios:

2



Semi-analytical perturbative approach

to 2  ordernd to 1  orderstIsolated & Rotating Tidal Field

Background configuration + Perturbations


We consider two scenarios:

2



(Background)M0

Semi-analytical perturbative approach

to 1  orderstIsolated & Rotating Tidal Field

2

Background configuration + Perturbations


We consider two scenarios:



M0

Semi-analytical perturbative approach

to 1  orderstIsolated & Rotating Tidal Field

(1  order)st

2

Background configuration + Perturbations


We consider two scenarios:

IS



IS

δM (2  order)ndM0

Semi-analytical perturbative approach

to 1  orderstIsolated & Rotating Tidal Field

2

Background configuration + Perturbations


We consider two scenarios:



IS

MS δM (2  order)ndM0

Semi-analytical perturbative approach

to 1  orderstIsolated & Rotating Tidal Field

+ Ω2
S=

2

Background configuration + Perturbations


We consider two scenarios:



IS

M0

Semi-analytical perturbative approach

to 1  orderstIsolated & Rotating Tidal Field

MS + Ω2
S= δM

(2  order)nd

2

Background configuration + Perturbations


We consider two scenarios:

QS



IS

QS

M0

Semi-analytical perturbative approach

Isolated & Rotating Tidal Field

MS + Ω2
S= δM M0 (Background)

2

Background configuration + Perturbations


We consider two scenarios:



M0

IS

QS

M0

Semi-analytical perturbative approach

Isolated & Rotating Tidal Field

MS + Ω2
S= δM

λS (1  order)st

2

Background configuration + Perturbations


We consider two scenarios:



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

λS := λS

3



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

[Yagi & Yunes (2014), …]“Universal” -Love-  relationsI Q

λS := λS

3



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

[Yagi & Yunes (2014), …]“Universal” -Love-  relationsI Q

λS := λS

3



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0 Extract “barred” quantities

[Yagi & Yunes (2014), …]“Universal” -Love-  relationsI Q

λS := λS

3



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

[Yagi & Yunes (2014), …]“Universal” -Love-  relationsI Q

λS := λS

Extract “barred” quantities

To get the non-barred 
quantities we need  M0

3



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

[Yagi & Yunes (2014), …]“Universal” -Love-  relationsI Q

λS := λS

Extract “barred” quantities

Not an observable!
To get the non-barred 
quantities we need  M0

3



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

[Yagi & Yunes (2014), …]“Universal” -Love-  relationsI Q

λS := λS

Extract “barred” quantities

Not an observable!

Standard approach: M0 = MS

To get the non-barred 
quantities we need  M0

3



Standard -Love-  relationsI Q

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

[Yagi & Yunes (2014), …]“Universal” -Love-  relationsI Q

λS := λS

Extract “barred” quantities

Not an observable!

Standard approach: M0 = MS

To get the non-barred 
quantities we need  M0

3

Breaks universality [Doneva et al. (2014)]



“Universal” relations for δM [Reina, Sanchis-Gual, Vera, Font (2017)]

Extension: -Love- -I Q δM

4



“Universal” relations for δM [Reina, Sanchis-Gual, Vera, Font (2017)]

Extension: -Love- -I Q δM

4



“Universal” relations for δM [Reina, Sanchis-Gual, Vera, Font (2017)]

Extract δM

Extension: -Love- -I Q δM

4

λS



“Universal” relations for δM [Reina, Sanchis-Gual, Vera, Font (2017)]

Extract δM δM :=
MS − M0

Ω2
S I2 M3

0

Extension: -Love- -I Q δM

4

λS



“Universal” relations for δM [Reina, Sanchis-Gual, Vera, Font (2017)]

M0Extract δM δM :=
MS − M0

Ω2
S I2 M3

0

Extension: -Love- -I Q δM

4

λS , MS ΩS



“Universal” relations for δM [Reina, Sanchis-Gual, Vera, Font (2017)]

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

M0Extract δM δM :=
MS − M0

Ω2
S I2 M3

0 , MS ΩS

Extension: -Love- -I Q δM

4

λS



“Universal” relations for δM [Reina, Sanchis-Gual, Vera, Font (2017)]

Q :=
QS M0

Ω2
S I2

I :=
IS

M3
0

M0Extract δM

QS

IS

δM :=
MS − M0

Ω2
S I2 M3

0 , MS ΩS

Extension: -Love- -I Q δM

4

λS



Extended vs Standard
The extended approach is more precise, but… how much?

5



    εext
X =

|X⋆ − Xext |
X⋆

    εstd
X =

|X⋆ − Xstd |
X⋆

Extended vs Standard
The extended approach is more precise, but… how much?

5

1) Compare the relative errors:



    εext
X =

|X⋆ − Xext |
X⋆

    
X⋆

exact value

    εstd
X =

|X⋆ − Xstd |
X⋆

    
X⋆

        

Extended vs Standard
The extended approach is more precise, but… how much?

    X⋆     X⋆

5

1) Compare the relative errors:



    εext
X =

|X⋆ − Xext |
X⋆

extracted from the -Love- -  
universal relations

I Q δMexact value

    εstd
X =

|X⋆ − Xstd |
X⋆

Extended vs Standard
The extended approach is more precise, but… how much?

    Xext

5

1) Compare the relative errors:



extracted from the -Love-
universal relations

I Q

    εext
X =

|X⋆ − Xext |
X⋆

extracted from the -Love- -  
universal relations

I Q δMexact value

    εstd
X =

|X⋆ − Xstd |
X⋆

Extended vs Standard
The extended approach is more precise, but… how much?

    Xstd

5

1) Compare the relative errors:



    εext
X =

|X⋆ − Xext |
X⋆

extracted from the -Love-
universal relations

I Q

extracted from the -Love- -  
universal relations

I Q δMexact value

    εstd
X =

|X⋆ − Xstd |
X⋆

Extended vs Standard

2) Infer the EoS and compare

The extended approach is more precise, but… how much?

5

1) Compare the relative errors:



    εext
X =

|X⋆ − Xext |
X⋆

extracted from the -Love-
universal relations

I Q

extracted from the -Love- -  
universal relations

I Q δMexact value

    εstd
X =

|X⋆ − Xstd |
X⋆

Extended vs Standard

2) Infer the EoS and compare

The extended approach is more precise, but… how much?

5

1) Compare the relative errors:



Errors

χS :=
IS ΩS

M2
0

Spin-parameter:

Polytropic EoS:

P = Kργ

6



Errors

χS :=
IS ΩS

M2
0

Spin-parameter:

          Vary   K = 100 γ = 2 Pc χS

Polytropic EoS:

P = Kργ

6



Errors

χS :=
IS ΩS

M2
0

Spin-parameter:

          Vary   K = 100 γ = 2 Pc χS

Polytropic EoS:

P = Kργ

6



extracted from the -Love-
universal relations

I Q

    εext
X =

|X⋆ − Xext |
X⋆

extracted from the -Love-
universal relations

I Q

exact value extracted from the -Love- -  
universal relations

I Q δMextracted from the -Love- -  
universal relations

I Q δM

    εstd
X =

|X⋆ − Xstd |
X⋆

2) Infer the EoS and compare

Extended vs Standard

2) Infer the EoS and compare

The extended approach is more precise, but… how much?

1) Compare the relative errors:

5



extracted from the -Love-
universal relations

I Q

    εext
X =

|X⋆ − Xext |
X⋆

extracted from the -Love-
universal relations

I Q

exact value extracted from the -Love- -  
universal relations

I Q δMextracted from the -Love- -  
universal relations

I Q δM

    εstd
X =

|X⋆ − Xstd |
X⋆

2) Infer the EoS and compare

Extended vs Standard

2) Infer the EoS and compare

The extended approach is more precise, but… how much?

1) Compare the relative errors:

5



Inferring the EoS

3) Extract ,  and  using the universal relationsIS M0 QS
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4) See which combinations of  ,  and  provide 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