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Tidal Love numbers in Newton’s gravity

Worldline post-Newtonian EFT

Naturalness in PN EFT
Black hole perturbation theory, Teukolksy master egn

Love symmetry



black holes (D=4):
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Love Numbers = Smoking gun of BSM or MG
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Post-Newtonian EFT for GW

© LIGO collaboration, ligo.org

EFT framework: separate effects in a systematic perturbative expansion
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Post-Newtonian (Point-particle) EFT Goldberger & Rothstein’05,06 Porto’16
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Classical electrodynamics as Worldline EFT
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Linear Response in Worldline EFT
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Susceptibility = EFT Wilson coefficient of induced dipole



Seff

Including gravity
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Tidal Love numbers = EFT Wilson coefficients !

Kol & Smolkin’11, Hui et al.’20



Naturalness

A physical parameter A is allowed to be small
iIf the replacement A=0 enhances the symmetry of the system

Otherwise “natural” (O) = Z<(’)>a = (0) ~max(0),
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Spllttlng ﬁ Theory: My, — Mgy ™ 10 MeV ‘/@
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Experiment: 5 MeV

Ex 2: (m%{)tree + 92/\2 — (m%r)obs Theory: mpyg > 1 TeV -
Higgs mass Experiment: 125 GeV

Higgs hierarchy problem



Naturalness in Worldline EFT
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Black hole perturbations
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Black hole perturbations
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N.B. same behaviors for higher spins
Kol & Smolkin’11, Hui et al.’20
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Black hole perturbations in Kerr
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Consider first the vacuum case (7' = 0). Then the master equation (4.7) can be
separated by writing

y = e ™ S(O)R(r) . (4.8)

The equations for R and S are
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Kerr in EFT

S — / ds E.E Anisotropy:
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Absorption coefficient
can’t be obtained
from local action!
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observer’s frame

Dissipation even in static regime!

Superradiance = tidal locking



Love Numbers in EFT
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Fixing Wilson coefficients via matching to BH perturbation theory

Charalambous, Dubovsky, MI’21, ' Nijkr =0
Le Tiec, Casals’20, Chia’20,
Poisson’20, Goldberger et al’20 Kerr Naturalness Paradox



Near zone

Teukolsky (1972)
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SL(2,R) Love symmetry
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Charalambous, Dubovsky, MI’21
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Highest weight banishes Love

highest
weight
rep

h=2 (%0 Livg =
LT T ke
0 — Vo
1 Vs
9 i

Schwarzshild: finite-dim rep
Kerr: infinite-dim rep (“Verma module”)
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U9  static solution describing Love



Some comments

() Spacing matches highly damped QNMs

Berti, Kokkotas (2003) L o
- 1 1 L+ T
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( ) Explains higher-dimensional fine-tunings :
- U
(absence of logs) 3
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O Without symmetry logs are generic, ex: R"3 gravity
s . . " ~ 1 3
O With symmetry logs require “resonance condition” ¢ = 5050

cf. Zamolodchikov’'86



Higher spin fields

Teukolsky master equation in NZ:
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S
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O highest-weight property dictates vanishing of Love numbers

O geometric meaning: GHP Lie derivatives w.r.t. Love vectors

~(approximate) Killing vectors

Geroch, Held, Penrose’73
£e = Le +bn, LOF —sm, Lem b  boost weight Ludwig’99



Triumph of Naturalness!?

(® “UV miracle” Love symmetry mixes IR (static) and UV (QNMs)
\.ﬁ Clash with Near Zone validity: “"Near zone” QNMs
wM <1 wn~ —ilg ~iM
Formally accurate if J—M* Tg—0
'@) Approach: solve the near zone theory exactly and perturb around it

Results exact for static solution



Extremal RN/Kerr black holes

lim SL(2,R)1owe XU (1) O SL(2, R)xg
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AdS; = SL(2,R) “Infinite-dimensional Love”

Bardeen, Horowitz (1998) Non extremal ~ Spontaneously broken NH isometry



Interpretation

() non-extremal Kerr-CFT realization castro, Maloney, Srtominger’ 10
SL(Q,R)R X SL(Q,R)L
broken by ¢ — ¢ 4 2

() accidental symmetry, cf. Runge-Lentz, lepton flavor, etc.
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Summary and Outlook

&

(: Kerr(AdS)/CFT interpretation - !

&

Love symmetry resolves the Love naturalness paradox

Love symmetry ~ Chiral symmetry = >
systematic waveform calculations

Series solution to Teukolsky equation Mano et al’96
exhibits symmetry breaking patterns

Analogs of Gell-Mann-Okubo relations!

Thank you !



