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What's new since last Capra?

Analytic continuation in multipolar order ¢ vindicated
[Page 1976; Chia 2020; Charalambous et al. 2021]

Connection to Kerr black hole tidal torquing
[Thorne & Hartle 1980; Poisson 2004]

Purely dissipative nature of Kerr black hole tidal deformability
[Chia 2020; Goldberger et al. 2020; Charalambous et al. 2021]

Do Kerr black hole tidal Love numbers vanish, yes or no?!

Agreement on maths but disagreement on nomenclature
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Newtonian theory of Love numbers
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Newtonian theory of Love numbers
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Viscosity and tidal dissipation




Viscosity and tidal dissipation
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lag
® Tidal lag:
2 .
Qap(t) = —gszS [Eab(t) — 7Eap(t) + -]
2

= —§k2R5 [Eap(t—7)+ -]
e Tidal torquing:
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Relativistic theory of Love numbers

® Electric-type and magnetic-type tidal moments:
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Relativistic theory of Love numbers

® Electric-type and magnetic-type tidal moments:

]STF ’ ]STF
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® Metric and Geroch-Hansen multipole moments:
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Relativistic theory of Love numbers

® Electric-type and magnetic-type tidal moments:

STF STF
gal"'aé X [C081082;83"'3z] ) Bal'"ae X [531bCC320bC;a3'“3z]

® Metric and Geroch-Hansen multipole moments:
8op = éaﬁ+htldal + hFGSP
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® Four families of tidal deformability parameters:
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Investigating Kerr's Love
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® Metric reconstruction through the Hertz potential W:
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Investigating Kerr's Love

(gf’ma Bf’m)

® Metric reconstruction through the Hertz potential W:

(5@/,.",8@/,.") — @bo -V = haﬁ — (Mgm, ng) — AQZ//,;?’E/B

® Quadrupolar tidal Love numbers of a Kerr black hole:

. lmX
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Love tensor of a Kerr black hole

® For a nonspinning compact body we have the proportionality
relations

My = NSEp and  6S,, = A5°8B,,

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

5Mab = Aabcdgcd and 553b = )\abchcd

® To linear order in the black hole spin vector 52 we find

. 16 3 cced
5Mab: EM 5 (agb)cd
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Tidal torquing of a spinning black hole

Sa
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® Any spinning body interacting with a tidal environment
suffers a tidal torquing [Thorne & Hartle 1980]

(87) = =P (Mpg€9, + SpaB.)

® Applied to a spinning black hole this yields

. 8
(S) = —2 MPx | 2(E%PEp) — 3(Eaps"E* sc) + (€ — B)]

® Full agreement with independant calculation by [Poisson 2004]



Tidal deformability and horizon viscosity

® A black hole has surface shear and bulk viscosity [Damour 1982]
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Tidal deformability and horizon viscosity

® A black hole has surface shear and bulk viscosity [Damour 1982]
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e Black hole tidal heating and torquing imply remarkable
analogy with Newtonian viscous fluid [Poisson 2009]
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Tidal deformability and horizon viscosity

A black hole has surface shear and bulk viscosity [Damour 1982]
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Black hole tidal heating and torquing imply remarkable
analogy with Newtonian viscous fluid [Poisson 2009]

(kaT)R® = 16/\//6 — kv~M

However k, = 0 for a nonspinning black hole so 7 and v
are formally infinite

Revisit analogy with nonzero Kerr black hole tidal Love
numbers and horizon surface viscosity



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 “rigid” compact objects

This is closely related to the phenomenon of tidal torquing

Tidal deformability <> horizon viscosity <> tidal torquing

Spinning black holes fall in Love!



Black holes have zero Love numbers
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Perturbed Weyl scalar

® Recall that in the Newtonian limit we established
lim 8™ o< Epm r' 2 [1 4 2kem (R/1)* ] 2Yim(0, 6)
Cc—00
® For a Kerr black hole the perturbed Weyl scalar reads
U6 o [Em + 725 Bim] Rem(r) 2Yem(0, ¢)

® Asymptotic behavior of general solution of static radial
Teukolsky equation:

Rom(r)=r"2(1+ ) +rmr 3@ +--)
~—_—— ~——
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Kerr black hole linear response

Rim(r) = RESA(r) + 2kem RYEP(r)
N’ N—_——
~rt—2 ~r—(£+3)

® The coefficients kg, can be interpreted as the Newtonian
Love numbers of a Kerr black hole and read

. (+2)
Kim = —IMX v s (2€+1 0 H +mX]

® The linear response vanishes identically when:

o the black hole spin vanishes (y = 0)
o the tidal field is axisymmetric (m = 0)

® Reconstruct the Kerr black hole response h(rf;p via Wresp



Love numbers of a Kerr black hole

e We compute the Love numbers to linear order in y = S/M?
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e We compute the Love numbers to linear order in y = S/M?
® The modes of the mass/current quadrupole moments are
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Love numbers of a Kerr black hole

e We compute the Love numbers to linear order in y = S/M?
® The modes of the mass/current quadrupole moments are

. imy 5 . imy 5
Moy = —(2M m m=—=~(2M m
oMo 180( ) & and 65 180( ) Bs
® The black hole tidal bulge is rotated by 45° with respect to

the quadrupolar tidal perturbation
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The modes of the mass/current quadrupole moments are
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Love numbers of a Kerr black hole

We compute the Love numbers to linear order in y = S/M?
The modes of the mass/current quadrupole moments are

= M oy BRIV
OMom = Jo0 (2M)° Exm - and 3Spm = 2 (2M)° Bo

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 . Imx MB _ ,SE -
kom = 2m:—?0 and ko, = k3, =0

For a dimensionless black hole spin x = 0.1 this gives

|ka42| =2 x 1072 —  black holes are “rigid”



Love tensor of a Kerr black hole
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Newtonian static quadrupolar tide
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