UNIVERSITE
DE GENEVE

Dynamical Love Numbers:
a Shell Effective Field Theory

Based on 2512.04002 with
D. Kosmopoulos (CERN) and M. Solon (UCLA)

Davide Perrone,
Swiss Cosmology Days,
Geneva, 4 June 2026.


https://arxiv.org/abs/2512.04002

Particle physics tools for gravity

Using amplitudes to predict the waveforms

Effective field theory

4 LIGO Hanford Data (shifted)

Amplitude technigues
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Particle physics tools for gravity

Using amplitudes to predict the waveforms

Effective field theory
+ Probe o

Amplitude technigues

Describes tides which appear in the waveform!



Tides and Cosmology

Find the redshift from the tidal deformation

Luminosity distance d; (z)

Observed mass M, (z)

~ Tidal deformation M

SOUrce

[Messenger, Read (2011)]



Schwarzschild black hole and a probe

Gravitational interaction with a scalar field
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ds? = — (1 —ﬁ) dr + (1 —ﬁ) A2 + r2dQ2, . =2GM
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Love numbers, static

Capture the tidal response of an object to an external probe field

T 9) o
In the static limit, V¢ = 0

¢ = 2 ¢ (r)P(cos )
¢

5 Response



Asymptotic behaviours

Probe and response far away and close to the object
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Asymptotic behaviours

Probe and response far away and close to the object
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Love nhumbers and amplitudes

Incorporate full solutions in the point particle description

Effective point particle

Full solution 1s known .
description

[Leaver (1986), Mano, Suzuki, Takasugi (1996)]



Worldline effective field theory

A point particle and a toy graviton

S =— [dTM + %J'd4x\/—_gg/"”6ﬂqb6y¢ +J'dr (cogbz + )



Worldline effective field theory

A point particle and a toy graviton

: Jd4x —gg"d, o ¢ +J'dr (cogb2 + )




Worldline effective field theory

A point particle and a toy graviton

% _
Worldline Kinetic term




Worldline effective field theory

A point particle and a toy graviton

S = — [df M + 5 J'dfl)c1 /—gg/’waﬂ¢ay¢ + \ ‘A

Worldline Kinetic term  Contact interactions




Worldline effective field theory

Describe a compact object with higher derivative operators

| | |
S — 5 J'd4x /_gg/ﬂ/aﬂ¢ay¢ + 5 Z Z [dT Cf,n V<f>¢0f[’ V<f>¢
£.n '

[Caron-Hout, Correia, Isabella, Solon (2025)]



Worldline effective field theory

Describe a compact object with higher derivative operators

S = IJd4x\/_g””6 $o P + lz :

DAY,

Wilson coefficients

Cz,”,n ~ kz/”,n

[Caron-Hout, Correia, Isabella, Solon (2025)]



Worldline effective field theory

Describe a compact object with higher derivative operators
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Wilson coefficients |
Divergent on the

c,. ~k .
£n £n worldline

[Caron-Hout, Correia, Isabella, Solon (2025)]



Shell regularisation

To tame the divergent behaviour on top of the worldline
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Shell regularisation

To tame the divergent behaviour on top of the worldline
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Shell regularisation

To tame the divergent behaviour on top of the worldline

o\ Regulate with a spherical shell

of radius R and mass M
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Equation of motion, with a Shell

Discontinuous solution across the Shell surface

Flat \ Schwarzschild
spacetime spacetime

Dﬂat¢_ =0 / I:IBH ¢+ — O




Equation of motion, with a Shell

Discontinuous solution across the Shell surface

Flat \ Schwarzschild
spacetime spacetime
|:lﬂat¢ =0
~_ S Coulomb Wavefunctions,
——m—— .

v” ~ renormalised angular momentum
[Leaver (1986), Mano, Suzuki, Takasugi (1996)]



Equation of motion, with a Shell

Discontinuous solution across the Shell surface

Flat \ Schwarzschild
spacetime \ spacetime
+ _

[lgud™ =0
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Equation of motion, with a Shell

Discontinuous solution across the Shell surface

Flat Schwarzschild
spacetime spacetime
Dﬂat¢_ =0 I:IBH ¢+ — O

+00 + 00
¢;—O<Af 2 br{Fn+1/f+Bf Z b}fﬁnﬂ/

n=—oo n=—~o




Dynamical Love numbers

For any compact object, to all orders In G

Matching the discontinuity from EoMs with the Shell contribution

7 oy, EET RN para (87 =07
J'Lﬂ(a)): ;(—za)) Cf’n—m (1 —E) R ¢f

R

1) Expand in R, = 2GM
2) Take the limit R — 0



Dynamical Love numbers

For any compact object, to all orders In G

Matching the discontinuity from EoMs with the Shell contribution
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Dynamical
Love Numbers
1) Expand in R, = 2GM
2) Take the limit R — 0



Dynamical Love numbers

For any compact object, to all orders In G

Matching the discontinuity from EoMs with the Shell contribution
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Dynamical Discontinuity
Love Numbers contribution

1) Expand in R, = 2GM
2) Take the limit R — 0



Dynamical Love numbers for black holes

Comparison with previous results

Scheme independent,
match dim. reg.

- Power law divergencies

O(G?)-[lvanov, Li, Parra-Martinez, Zhou (2024)]
O(G")-[Caron-Hout, Correia, Isabella, Solon (2025)]



Conclusions

® New formalism which incorporates exact solutions from Black Hole
Perturbation Theory in an Effective Field Theory,

® Generalisable to graviton case in Schwarzschild black hole, and can
be compared with recent similar results,

e Easy to calculate Love Numbers at high order in G without any
Integration.






Stability of the shell

An equation of state to avoid collapse

Sab — O U Uy, T P (yab T uaub)

| / 2GM
c=——| 1 —4/1 ——
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Hidden structure of Love numbers

How to group Love numbers In transcendentality classes

As
_iy—_ " 1,2 | RS2
(1 i = Lt + Z( ) Gt Z( ), bl
/If’n=Cf,n—@(rS/R) Cl1+a2=n—2 Cl1+az+a3:n—3
| . 5
= — > log (r,/R) Why all of this"

The scheme-independent terms
do not depend on n and a; !



Scheme-independent coefficients

Universal values to all orders in G

For the scheme-independent ones
L, Ly L, Ly

£.n [=0] —2 22/3 | —628/27 |5830/81

d;

MY — 1™
(1), =1

o l=1| -1/6 | 19/90 |—-361/2025| —
But 7 Is linked to the

| | =2| —1/270 |79/28350 — —
order in G

| =3|—1/21000| — — —

The result Is the same for all orders!



Resummation of black hole Love numbers

Hints towards quasi-normal modes

Our conjecture enables us to resum the Love numbers

Has poles for frequencies w = — in/r,



