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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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Observation of EMRIs with LISA

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

102]
104

Events per year

Detected fraction

Observation time: 10 yrs

Matrix analysis (SNR>20)

| M1 Parameter distribution of the detected sources:
__“’,—'-~\ // E 103 3
' 72 v [ 1023 1073 :
Detected (AKS) } E B :
=—a | Detected (AKK) z ;
— AH% AKK 294/ yr 102 - 103
? 5 101
101-5 101
— ; 107 5 | | | L Wl R S e (o s | |
Mil M2 M3 M4 M5 M6 M7 M8 M9 Mio Mii M12 00 05 1O Lo 10 107 107t 10 107 1077 10° 107

Model

Redshift

Sensitivity curve: 2.5 Gm LISA configuration, 2017

Ady /d,

Parameter estimation: based on EMRI catalog M1 by Fisher

AQ[deg?] 4 /16



Observation of EMRIs with LISA

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

'Schutz 1986]
From GW:

2/3
4 (GM,\" [ 7o | 5GAM,,\ " s
h(t)=— cos@sin |—2 %+ D
X\ 0 dL C2 C C3 0 0

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] — ood]
N oo
The function o(n) 1s predicted explicitly by the RR model: o,
|
gW em - dZ/ / 0.00
A8 (2) = dg™(2) exp § — 5(2')
o 1+ 27

1.000

l Parametrization 0.995| * Signal magnified —_

:  (Can be seen to larger

distance

The model predicts 6(z = 0) = 0.062 [n=5/2 and £,=0.970] ™" -
e dPV(z=0)/dMz=0)=1 e S S R
. dLGW(Z)/ dEM(Z) saturates to a constant =,

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



Constraining modified GW propagation
with extreme mass-ratio inspirals
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Bayesian theorem in cosmology

D = {Dy,...,Dy} i,GW data —»

Q= {HOm, cy

./ p(D|QHI)
QIDHI)=p(Q)|HI)—————r—=
p(Q] l ) =p@IHI) P
Cosmological model: =, =10.3,2.0]
Defines the relation between n=7[05,3.0]
d=", z, £ H, =[60, 86 ]
), =[0.04,0.5]
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. EMRI Catalog M1

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

. ply modified GW propagation relation — z

From GW:
EW, Adl%w, Aé’gw, Ag/)gw

From EM: + prior: 4. 30 Error box construction:
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. EMRI Catalog M1
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Preliminary results: number of detected EMRISs
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102 Jﬁ‘ﬁn, 10° JJIL |
® 10 yrs observation | ' SNR20:2945| 102 10
o | SNRI100: 38 ; ‘
low SNR events tend {5 .
. . ] 1 - 107 - B
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0 % o %

Preliminary results: =, + n

Injected value and [prior]:

® 90% ClI HO—10/08/15[03 2.0]
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Preliminary results: H, + Q,, + &,

h = 0.66475-93

Q,, = 0.293+9187

®* 90% CI

Injected value and [prior]:
=y=1.0]0.3, 2.0]

Hy= 67.3]60, 86 ]
Q,, = 0.315[0.04,0.5]
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Qm

Preliminary results: H, + ,, + =, + n

b = 0.674+003] Injected value and [prior]:
B 50—10[03,2.0]
0.5, 3.0]

H, = 67 3160, 86|
[

90% CI
Median of 5 realizations €2, = 0.315[0.04,0.5]

Strongly correlated =, + n
n,£2 can not be measured

n=1.353%348

U Zp=1.01573389

Liu et al. 1n prepisie



Conclusion & future prospects

® Conclusion: ® Future prospects:

®* =,alone ~ 4% ® New waveform model:

* =, and n: Strongly correlated ® Augmented Analytic
Kludge with SPN

® Difterent trend when

2> 1,=1,< 1 trajectories

® New sensitivity curve +
full response TDI

® Other moditied GR
model

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

®* H, ~ few percent
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M1 4yr detected sources properties: AKK vs AAK5pn
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Moditied gravity theory

RR model:

Gravity 1s modified by the addition of a nonlocal term

_ | | .
FRR — —/d4$\/ —( R — ngR—QR

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

|[Finke et al. 2021] 1916



Explanation of the correlation

at lower redshift, expand the formula:

d (%)

— 1 —Z 22
Gy = 1~ 200+ 06,
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M= 1.00e+06, n= 1le-05,e9= 0.4, po= 10.0

Detection of a
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M= 1.00e+06, n= 1le-05,e9= 0.4, po= 10.0

Detection of a

107 .
single EMRI

T

‘;10-3

= M= 1.00e+06, n= 1le-05, ep= 0.4, po= 10.0

Q

;"-10-4

L

100

N
Frequency [HZ]

| >ession of the orbital perihelion;-
the orbital plane, and inspiral of the orbit
added using PN prescriptions

100 200 300 400
Time [days] Credit: Ollie Burke 21



10-18
10-1%
1020
10-21

10—22

10-23 § —— Peters SNR:24.78
| — AAK SNR:21.33, 21.04

107247 ... sky-ave(2), Peters
10-25 - TDI-AJE, AAK
----- TDI-A/E + conf
1026 + ——— ————rry
1074 103 102 101
10-18
10-19
10—20 y
10—21
10—22
10-23
1024
10_25 - Peters SNR:48.32
- AAK SNR:32.75, 32.75
1026 4 R
1074 103 1072 101

10—18
10-19

10—20

10—21
10—22.
10—23 E

10—24 ‘

10-25

1026 + ——
1074 1073

10718

10-19 ,

10—20
10—21
10—22

10-23

.
‘e
®e
.

- Peters SNR:48.61
—— AAK SNR:45.92, 39.87

101

- Peters SNR:14.42
— AAK SNR:22.17, 14.59

L) "l':" A L) ¥ r ¥y 9wy

1074 103

102

22/16



