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I
Overview

@® Modelling binaries with perturbation theory using the self-force
approach

® Model in scalar-tensor theories of gravity to constrain alternative
theories of gravity with LISA measurements

©® Natural units: ¢c=1, G =1
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[B.P. Abbott et al. Phys. Rev. Lett., 119(16):161101, 2017]
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I
Modelling Binaries
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[L. Barack, DOI:10.1007 /978-3-319-06349-2 Chap. 6 (2014).]
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Extreme-Mass-Ratio Inspirals (EMRIs)

[NASA website]
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I
Extreme-Mass-Ratio Inspirals (EMRIs)

LISA will measure Multi-year
long EMRIs with 10,000s of
orbits:
® Precise measurements
® Potential new constraints
on gravity

[Source: NASA, http://lisa.jpl.nasa.gov/gallery/lisa-waves.html.]
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Approximating the spacetime

8a = gl +ehly) +hly)
+ 0(83)

where ¢ = 2 <1

[NASA website]
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Approximating the spacetime

8a = gl +ehly) +hly)
+ 0(83)

where ¢ = 2 <1

[NASA website]

6% " 1 " 2 :
ma- = gF(ll)[h((zb)} +e2Fy [h3)] + O(=?)
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BN
Regular and Singular fields

[image: Adam Pound]

o R(1 R(2
ma® = eFl}) [y ] + €2 Fly (i) + O(?)

[Detweiler & Whiting, PRD 67, 024025 (2003)]
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BN
Why include second-order self-force?

[Wardell et al. PRL. 130.24 (2023): 241402]
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L
Self-force from the action in GR

S[gaby \I/] - SO [gab} + Sm[gabu \P]v

[AS, Maselli & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],

[Detweiler, PRD 85, 044048 (2012)],
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L
Self-force from the action in GR

S[gaby \I/] - SO [gab} + Sm[gabu \P]v

Solgas] = [ Y:ER d*a

[AS, Maselli & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],

[Detweiler, PRD 85, 044048 (2012)],
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L
Self-force from the action in GR

S[gaby \I/] - SO [gab} + Sm[gabu \P]v

Solgas] = [ Y:ER d*a

Sm = — [, uds

[AS, Maselli & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],

[Detweiler, PRD 85, 044048 (2012)],
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Self-force from the action in GR
S[galn \IJ] - SO[gab} + Sm{gaba \IJ]

Solgas] = [ Y:ER d*a

Sm - - fq Ndé

[AS, Maselli & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],

[Detweiler, PRD 85, 044048 (2012)],
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L
Self-force from the action in GR
S[8ab: V] = So[8ab) + S [Bab, V],
So[gab] = f @R d41’

167

A = 1S+ "

[AS, Maselli & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],

[Detweiler, PRD 85, 044048 (2012)],
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L
Self-force from the action in GR

S[galn \I/] - SO [gab] + Sm[gabu ‘11]7
Solgw) = [ GER d'z

A = 1S+ "

v = g5 + G+ G

[AS, Maselli & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],

[Detweiler, PRD 85, 044048 (2012)],
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L
Self-force from the action in GR

S[galn \I/] - SO [gab] + Sm[gabu ‘11]7
Solgw) = [ GER d'z

A = 1S+ "

v = g5 + G+ G

Sm = — [, pds

[AS, Maselli & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],

[Detweiler, PRD 85, 044048 (2012)],
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BN
Scalar-tensor theories of gravity

General Relativif? Scalar-TensonGra
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BN
Adding a scalar field

gap =90 + 'hS) 4+ 202 4+ O(%),
© = el 4 203 + O(e?),

with ©© =0
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BN
Adding a scalar field

gap =90 + 'hS) 4+ 202 4+ O(%),
© = el 4 203 + O(e?),

with ©© =0

Self-force:

- {:‘F [h’ab ) ()0( ] + 82F [hab ) (2)] + O<83)
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The Bigger the Bolder

[Keck, Caltech. Getty Images. Andriy_A / Shutterstock. ]
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I
Scalar-tensor action

S[gab, 0, Y] = So[8ab, ] + ASc[ab, ©] + Sm[8av: ¢, ¥},

[AS, Maselli, & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],
[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]
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I
Scalar-tensor action

S[gab, 0, Y] = So[8ab, ] + ASc[ab, ©] + Sm[8av: ¢, ¥},

/—g 1
Sl ) = [ g2 (7 ouedre ).

[AS, Maselli, & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],
[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]

Andrew Spiers Scalar-Tensor Self-Force Wednesday 15t July, 2026 15 /22



I
Scalar-tensor action

S[gab, 0, Y] = So[8ab, ] + ASc[ab, ©] + Sm[8av: ¢, ¥},

/8

S [gab7 (70] 16

(R — 78 gp@“g@)d%,

[AS, Maselli, & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],
[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]
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I
Scalar-tensor action

S[gab, 0, Y] = So[8ab, ] + ASc[ab, ©] + Sm[8av: ¢, ¥},

/8

167

Sm:—/whm~

O-/Sc[gaba 90] ~ O(€3>

[AS, Maselli, & Sotiriou, Phys.Rev.D 109 (2024) 6, 064022],
[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]

Solgab, @] = (R — *(9 903“90) d'z,
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I
Potential constraints on scalar Gauss-Bonnet

coupling with LISA EMRI measurements

[Speri et al. 2024, arXiv: 2603.17072]
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[
Generalising the scalar-tensor self-force formalism

[Jacopo Lestingi,..., AS, et al. (in preparation)]:

® Added a small mass to the scalar field
(potential dark matter candidate)

® Psuedo-scalar fields and spinning
secondaries; can model dynamical
Chern—Simons gravity (and similar theories)
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Do we need high accuracy waveforms to detect
scalar charge?

[Susanna Barsanti,..., AS, et al. 2026,
arXiv: 2607.09310]:

For quasi-circular EMRIs with a Schwarschild
primary black hole in the small coupling limit:

e Adiabatic waveforms appear sufficient to
detect scalar charge

® Neglecting scalar effects can lead to
apparently precise, yet biased,
parameter estimates
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BN
Summary

@® We need waveforms in alternative theories of gravity to test GR

® We have derived field equations and equations of motion up to
second order (up to our assumptions)

©® Implementation builds on GR calculation (and no more difficult)

email: andrew.spiers@ucd.ie
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I
Extra slide: Non trivial ¢ and g, coupling:

Sc[Bab, ¢

Dimensionless non-trivial coupling perturbation

n &
= = £ —.
C \jZI'L ILL”

[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]
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I
Extra slide: Non trivial ¢ and g, coupling:

Sc[Bab, ¢

Dimensionless non-trivial coupling perturbation

a e
(= o € e
Assumptions: 2 =0(1), n>2

[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]
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I
Extra slide: Non trivial ¢ and g, coupling:

Sc[Bab, ¢

Dimensionless non-trivial coupling perturbation

a e
= =e"—.

C Mn Iun

Assumptions: w=0(1), n=2

Hence, ¢ = O(e?)

[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]
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I
Extra slide: Non trivial ¢ and g, coupling:

Sc[Bab, ¢

Dimensionless non-trivial coupling perturbation

a e
= =e"—.

C Mn Iun

Assumptions: w=0(1), n=2

Hence, ¢ = O(&?)
= aSc[gaba 90] ~ O<€3>

[Maselli, Franchini, Gualtieri, & Sotiriou, (2020). PRL, 125(14), 141101.]

Andrew Spiers Scalar-Tensor Self-Force Wednesday 15™ July, 2026 22/



