Spinning black holes fall in Love

Alexandre Le Tiec

Laboratoire Univers et Théories
Observatoire de Paris / CNRS

Collaborators: M. Casals & E. Franzin
Submitted, arXiv:2007.00214 [gr-qc]



Newtonian theory of Love numbers

kS



Newtonian theory of Love numbers

gab = *8aab Uext(o)




Newtonian theory of Love numbers

gab = *8aabUex (0)
Qab i

M 1 b 3xxPQ,p
U:T—EXanab+§ r5




Newtonian theory of Love numbers

gab = *8aabUex (0)
Qab = A2€ap i

M 1 b 3xxPQ,p
U:T—EXanab+§ r5




Newtonian theory of Love numbers

gab = *8aab Uext(o)

Qab = A2&ab
= _%k2R5gab
a., b
U= M o lxaxbgab_'_ §X X Qab

r 2 2



Newtonian theory of Love numbers

gab = *8aabUex (0)
Qab = A2€ap i

= _%k2R5gab

M 1
U = 7 — §Xangab

()]



Newtonian theory of Love numbers

gab = *8aabUex (0)
Qab = A2€ap i

_%k2R5gab

M

ST

n

R 26+1
1+ 2k <r>



Newtonian theory of Love numbers

gab = *8aab Uext(o)

Qab = X2
= _%k2R5gab
/o)l R 26+1
U:M_ ( 7 ) Em 1+2kg<> Yom
022 |m|<t ' r



Newtonian theory of Love numbers

gab = *8aabUex (0)
Qab = A2€ap i

_%k2R5gab

R 20+1
142k <>
r

2YZm

(C+2)(+1) ,
1!’0—22 W—_1£2gﬂm

€2 |m|<t




Newtonian theory of Love numbers

gab = *8aabUex (0)
Qab = A2€ap i

_%k2R5gab

=% w f2g,

0(0—1)
€22 |m|<t

R 20+1
142k <>
B

2Y€m




Newtonian theory of Love numbers

gab = *8aabUex (0)
Qab = A2€ap i

_%k2R5gab

2Y€m

=% w f2g,

0(0—1)
€22 |m|<t

R 20+1
142k <>
B

Tidal Love numbers kg, <— body’s internal structure




Relativistic theory of Love numbers

® Electric-type and magnetic-type tidal moments:
531"'3[ X (C031032;33~--34)STF and Bal-“ag o8 (Ealbc Ca20bc;a3---ag)STF
® Metric and Geroch-Hansen multipole moments:
; Mpm = Mym + 6M,
e tidal resp Im {m {m
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® Four families of tidal deformability parameters:
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Black holes have zero Love numbers

Reference Background

Tidal field

[Binnington & Poisson 2009]  Schwarzschild

weak, generic £

[Damour & Nagar 2009] Schwarzschild weak, generic ¢
[Kol & Smolkin 2012] Schwarzschild weak, electric-type
[Chakrabarti et al. 2013] Schwarzschild  weak, electric, £ =2
[Giirlebeck 2015] Schwarzschild  strong, axisymmetric
[Landry & Poisson 2015] Kerr to O(S) weak, quadrupolar
[Pani et al. 2015] Kerr to O(S2) weak, (¢, m) = (2,0)

Problem of fine-tuning from an Effective-Field-Theory perspective



Investigating Kerr's Love

(gfmy Bfm)

M/S.E/B
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Metric reconstruction through the Hertz potential W



Love numbers of a Kerr black hole

® We compute the Love numbers to linear order in x = S/M?
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Love numbers of a Kerr black hole

® We compute the Love numbers to linear order in x = S/M?
® The modes of the perturbed quadrupole moments are

imy imx

5
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® The black hole tidal bulge is rotated by 45° with respect to
the quadrupolar tidal perturbation

Mom = —~ (2M)° & and 6Som =



Love numbers of a Kerr black hole

We compute the Love numbers to linear order in x = S/M?
The modes of the perturbed quadrupole moments are
imy imy

— A 5 = — 5
IMom = Z2 (2M)° Eam  and - 3Som = o (2M)° Bory

The black hole tidal bulge is rotated by 45° with respect to
the quadrupolar tidal perturbation

The associated dimensionless tidal Love numbers are
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Love numbers of a Kerr black hole

We compute the Love numbers to linear order in x = S/M?
The modes of the perturbed quadrupole moments are
imy imy

— A 5 = — 5
IMom = Z2 (2M)° Eam  and - 3Som = o (2M)° Bory

The black hole tidal bulge is rotated by 45° with respect to
the quadrupolar tidal perturbation

The associated dimensionless tidal Love numbers are

ME _ SB imyx MB _ | SE
kom = 2m = T30 and  kyp = ko =0

For a dimensionless black hole spin x = 0.1 this gives

|ko, 40| >~ 2 x 107> —  black holes are “stiff”



Love tensor of a Kerr black hole

® For a nonspinning compact body we have the proportionality
relations

SMap = N'Ep  and 0S5 = \J*EB,,



Love tensor of a Kerr black hole

For a nonspinning compact body we have the proportionality
relations

My = A€ and  6S,, = A528B,,

For a spinning black hole we have the more general tensorial
relations

5Mab = Aabcdgcd and 55ab = )\abchcd
where
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Mabed = == (M | 1z —lyp bz |, Iy =
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Observing black hole tidal deformability

[Pani & Maselli, IJMPD 2019]

Accumulated GW phase in LISA
band during quasi-circular inspiral
down to Schwarzschild ISCO:
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Summary

Love numbers of Kerr black holes do not vanish in general

We computed in closed-form the leading (quadrupolar) Love
numbers to linear order in the black hole spin

Kerr black holes deform like any other self-gravitating body,
despite being particularly “stiff” compact objects

The black hole tidal deformation contribution to the GW
phase of EMRIs could be detectable by LISA

New black hole test of the Kerr-like nature of the massive
compact objects at the center of galaxies

Spinning black holes fall in Love!



