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Schutz (1986)

Standard sirens Holz & Hughes (2005)

“standard siren” suggested by Carroll and Phinney
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Schutz (1986)

Standard sirens Holz & Hughes (2005)

“standard siren” suggested by Carroll and Phinney

If z iIs measured: Hubble diagram
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“standard siren” suggested by Carroll and Phinney

If z iIs measured: Hubble diagram
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Saltas et al. (2014)

Testing gravity with sirens Lombriser & Taylor (2016

Belgacem et al. (2017-2019)

In a wide class of gravity theories, in a homogeneous-isotropic Universe (FLRW)

GWs?
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Saltas et al. (2014)

Testing gravity with sirens Lombriser & Taylor (2016

Belgacem et al. (2017-2019)

In a wide class of gravity theories, in a homogeneous-isotropic Universe (FLRW)

GWs?
GW distance e (electromagnetic) Q
effective luminosity distance C%
Planck mass + '
S ok\
The GW Hubble diagram probes a potential -

cosmic evolution of the Planck mass

redshitt z
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...but the Universe is Inhomogeneous

lensing?

conversion into
?
other waves screened observer?

unaltered emission?
need screening

propagation through
screened regions?

Motivation of this project: what is the GW distance in the real Universe?



Horndeski (1974)

Gravity model: reduced Horndeski Deffayet et al. (2009)

GW170817/GRB170817

 Horndeski theories = GR + an extra scalar field
» Effective behaviour of some high-energy theories
e Scalar field could be dark energy

e Reduced Horndeski: models with luminal GWs

Srule, 9] = K(p, X) + G(e, X)Op + MZ(¢)R
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Horndeski (1974)

Gravity model: reduced Horndeski Deffayet et al. (2009)

GW170817/GRB170817

e Horndeski theories = GR + an extra scalar field
* Effective behaviour of some high-energy theories
e Scalar field could be dark energy
* Reduced Horndeski: models with luminal GWs
2
| = K(p, X) 4+ G(p, X)p + M (¢)R

k-essence cubic Galileon/KGB Jordan-Brans-Dicke

1
—_ ,l,[, . .
X = L. 1P (scalar kinetic term)

2

new scalar dof
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Linearised equations of motion E2quiaga & Zumalacarregui (2020)
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Perturbations on arbitrary background:
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Linearised equations of motion E2quiaga & Zumalacarregui (2020)

Perturbations on arbitrary background:
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Linearised equations of motion E2quiaga & Zumalacarregui (2020)

Perturbations on arbitrary background: Eigentensor perturbation:
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negligible

scalar dispersion relation

A
how scalar waves
“feed” tensor waves



Dispersion relations

Wave ansatze Dispersion of tensor waves
_ poa o’
Sp = 0=K,, kakp X K™ kg
Vv = tensor waves propagate along null geodesics

amplitude phase

Dispersion of scalar waves
Wave four-vectors

B 0= Kgpgpo‘ﬁqaqﬁ
L ]-_CS NK,XXaG,XyG,90X7G,XX

scalar waves can be luminal or sub-luminal
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Observable: curvature perturbation

A

ORvpo = =20 upio1n) = 2kp Ly

ulioka1e™ = 28q, Cyypdole’

from tensor wave from scalar wave

transverse
tidal forces

tri-axial
tidal forces
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Amplitude and polarisation Dalang, PF, Lombriser (2020

NB: disagreement with Garoffolo et al. (2019)

Evolution equations for the GW amplitudes:

Scalar wave: (= Dq® eV + ASOPO‘ ko Hp el

Tensorwave: (0 =DtHpe™" + APWX 7o, ® eV )
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Amplitude and polarisation Dalang, PF, Lombriser (2020

NB: disagreement with Garoffolo et al. (2019)

Evolution equations for the GW amplitudes:

Scalar wave: (0 = Dg®

Tensor wave: () =Dt Hp

Luminal scalar waves

 No scalar-tensor interactions!
* Tensor-wave polarisation is parallel-transported

* EXxpression for the GW distance:

Dg M2

G * Local effective Planck mass
o at reception and emission

Dy~ Mem P
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Amplitude and polarisation Dalang, PF, Lombriser (2020

NB: disagreement with Garoffolo et al. (2019)

Evolution equations for the GW amplitudes:

Scalar wave: (= Dq® eV + ASOPO‘ ko Hp el

Tensor wave: 0= DpHpe™ +A,7%q P "

P =+, X

Sub-luminal scalar waves

The waves at out of phase...
... elkonal approximation breaks down

Scalar Cherenkov effect?
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See also:

Conclusion and open questions Creminelli et al. (2019bc)

Hogg et al. (2020b)

e llike lighty 70bs

lensing?

conversion into
scalar waves?

GW distance?

g cg = 1: not ¥ MObs b
LIfCS<1: ye‘S‘ Ich:l:DG:Mfm DL
.lfcs<1:DG=?? y

To be further explored:
1. effect of screening on the effective Planck mass

2. scalar Cherenkov effect
10



