Constraining modified GW propagation
with extreme mass-ratio inspirals
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® LISA and extreme mass-ratio inspirals (EMRISs)
® Cosmology and modified GW propagation

® Inference with LISA dark sirens
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® Conclusion and future prospects
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Extreme Mass-Ratio Inspirals (KMRISs)

Credit: Lorenzo Speri, Ollie Burke
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Observation of EMRIs with LISA

[Babak et al. 2017]
EMRI waveform: AKK (Analytical Kludge Kerr, optimistic)

Sensitivity curve: 2.5 Gm LISA configuration, 2017
Observation time: 10 yrs
Parameter estimation: based on EMRI catalog M1 by Fisher

Matrix analysis (SNR>20)
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Eventls per year

Observation of EMRIs with LISA

[Babak et al. 2017]
EMRI waveform: AKK (Analytical Kludge Kerr, optimistic)

Sensitivity curve: 2.5 Gm LISA configuration, 2017
Observation time: 10 yrs

Parameter estimation: based on EMRI catalog M1 by Fisher
Matrix analysis (SNR>20)

Detected fraction

| M1 Parameter distribution of the detected sources:
TN 107 3
S NN | W[ ] T
o—e | Detected (AKS) ' | I : : |
i AKK 294/yr S Jj 107 10° J |
§ ? F 10! : 1 [
101 - 107 3
: | I T
L
: ! : 100 - | | | 0°3p) 1] w3n | | |
IMI| M2 M3 M4 M5 M6 M7 M8 M9 MI0 M1l MI2 O ey B2 1ol 108 10T 10 107 107

Model Ad /d; AQ[deg?] 4 /16



Eventls per year

Observation of EMRIs with LISA

[Babak et al. 2017]
EMRI waveform: AKK (Analytical Kludge Kerr, optimistic)

Sensitivity curve: 2.5 Gm LISA configuration, 2017
Observation time: 10 yrs

Parameter estimation: based on EMRI catalog M1 by Fisher
Matrix analysis (SNR>20)
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Cosmology with GWs

'Schutz 1986]
From GW:

5/3 2/3 —5/8
4 (GM,, T ow.0 SGM,,
h(t)=— cos@sin | -2 %+ @
X\"0 dL C2 C c3 Qo O

Counterpart: Bright sirens

KFrom EM: 7
{ No counterpart: Dark sirens
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Moditied GW propagation

Considering how GWs propagate across cosmological distances, the free
propagation of tensor perturbatlons over FRW 1s governed by the equation:

T o7 2127
AT f' +ck"ha =0 h',: derivative with respect

A
\ to cosmic time n

GW speed
e Affect speed

From GW 170817
Cow —C|/C < O(10~ 1)

Friction term

e Affect amplitude
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Modified gravity: an example

[Belgacem et al., 2018] — oodl
S
The function o(n) 1s predicted explicitly by the RR model: ;]
ow em © dZ, / 0.00

dL (Z) — dL (Z) CXP § — 5(2 ) 0 1 2 3 4 5

o L+ 4

1.000

l Parametrization 0.995| * Signal magnified —_

?  (Can be seen to larger

distance

The model predicts 5(z = 0) = 0.062 [n=5/2 and £,=0.970]  °*°
.dEW(zzO)/dEM(Zz()):l L TEmemmm—
° df’ W(Z)/ d}:: M(Z) saturates to a constant X,

e X,: crucial parameter, fix the asymptotic value of dgw(z)/ dEM(z) at large z

e 5 only determines the precise shape of the function that interpolates from z = 0 and 1arg7e/%6
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Bayesian theorem in cosmology

D = {Dy,...,Dy} i,GW data —»

Q= {HOm, cy

./ p(D|QHI)
QI DHI)=p(Q|HI
Cosmological model: =, =10.3,2.0]
Defines the relation between n=7[05,3.0]
d=", z, £ Hy, = [60, 86 ]
Q,, =[0.04,0.5]
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1. EMRI Catalog M1

2. Parameter estimation — d;, Ad;, A0, A¢

3. Apply modified GW propagation relation — z

From GW:

= AdET, A, A,

From EM:
Galaxy c

+ prior: 4. 3¢ Error box construction:
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Preliminary results: number of detected EMRISs
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Injected value and [prior]:
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Preliminary results: H, + Q,, + &,

h = 0.66475-93

Q,, = 0.293+9187

Injected value and [prior]:
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Preliminary results: H, + ,, + =, + n

h = 0.674+0037 Injected value and [prior]:
'y 50_10[03,2.0]
0.5, 3.0]
L o0%Cl o= gl
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Conclusion & future prospects

® Conclusion:
®* =,alone ~4%
® =4 and n: Strongly correlated

® Different trend when
o> 1,=1,<1

® When also considering other
parameters, AZ,/E, > ~ 20 %

®* H, ~ few percent

® Future prospects:
® New waveform model:

® Augmented Analytic
Kludge with 5PN
trajectories

® New sensitivity curve +
Full response TDI

® Selection etffect
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Moditied gravity theory

RR model:

Gravity 1s modified by the addition of a nonlocal term
1

) R
/d'%\/—g R — Em“R—QR

Other applicable theories: Horndeski, DHOST theories,
RT non-local gravity model (£, = 1.8, n = 1.91)

|[Finke et al. 2021] 1816



Explanation of the correlation

at lower redshift, expand the formula:

d (%)
dp™(2)

=1—26(0)+ O(z7),

at very low redshift we are actually sensitive to d(0) = 6(z = 0)




EMRI model
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Characteristic Strain
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Characteristic Strain
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