LENSING BIAS ON COSMOLOGICAL PARAMETERS
FROM BRIGHT STANDARD SIRENS
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COSMOLOGY WITH STANDARD SIRENS

Gravrtational waves (GWs) from merging binaries of compact objects. L 2
(Schutz [986)

* Amplitude: luminosity distance d;

* Flectromagnetic (EM) counterpart: redshift 7 == Brioht standard sirens


https://www.nature.com/articles/323310a0
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“instein Telescope (ET) era!
“xpected 10° Binary Neutron Stars merger per year,up to z ~ 2 — 3

(Maggiore et al. 2020)
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GW LENSING

Geometric optics (Agw <K My ):

o A few events will be strongly lensead d¥(z, 1) = di (2)
L GH) =
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From the N-body simulations of
Hadzhiyska et al. (2023)
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MOCK CATALOG e - L

N 0.6 - T
)
* Draw a collection of redshifts z, S 04-
masses (m;, m,), angles (6, @, v, 1) -
and lensing magnifications u. [_I
0.0 — '

with lensing selection
O wj/o lensing selection

* Apply a cut-off at z,,,, = 2, due to

-M selection effects. (Mpetha et al
2023)

3.5 1

% Calculate SNR for each event,

including u (lensing selection effect)
(Cusin et at. 2019)
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CAN LENSING INDUCE A
SYSTEMATIC ERROR?

* Fisher matrix I for the cosmological parameters 0 = (Hy, L2, ,...).

. - 1
* Include systematic error: Ad”” = AP — dp = ( — l)dL.
H
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R 1 od
b, = 0. — 0" ~ (T ). AdSYS—=

) for small systematics.

cvents

(Amara & Réfrégier 20038)
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CAN LENSING INDUCE A
SYSTEMATIC ERROR?

—

* Fisher matrix I for the cosmological parameters 0 = (H,),<Q,,,...).

. - 1
* Include systematic error: Ad”” = AP — dp = ( — l)dL.
H

%

. 1 od
by =0, — 0 =~ T H,( ) Ad™YS—=
a =BT hT )”< (04)* = 96,

) for small systematics.

cvents

(Amara & Refregier 2008)

™ Validate the results with the full likellhood Monte Carlo Markov Chain analysis.
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FIDUCIAL SCENARIO
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ASSUMPTIONS MATTER!
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ASSUMPTIONS MATTER!
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IS IT POSSIBLE TO REDUCE THE BIAS?

* 'Delensing” GWs, event-by-event procedure (Shapiro et al. 2010; Hilbert et al. 201 |; Wu et al. 2023)
* Remove all strongly lensed events

* Consider only high-SNR sub-group

* Statistical mitigation
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CONCLUSIONS

* Bright Standard Sirens might open the era of precision GW cosmology.

* GW lensing will be not only an add
systematic error in the cosmologica

* Amount of bias depends on the characteris
high-precision estimates of the cosmologica
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%* Future works can Investigate possible degeneracy between the lensing bias
and dark energy effect, as well as, improve the mitigation strategies.
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Thank you for your attention!






UNCERTAINTY ON d,

2
ad,
UC%L — 0(2}W + GX%VL + ( o ) (GZZ + 6313 eC) (Mpetha et al. 2023)

w/o lensing, o,

With;

68.0 -

with lensing, o,

O w/o lensing, oy
0, = 0.001(1 + 2) §' - with lensing, oy
I A R . T, B
_ 2 -
vaec T \/<Vpec>(1 T Z)/C =~ 67 0 |
1 — (1 n Z)—0.25 1.8 T i
Wi = 0.066( —- ) d . i
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REDSHIFT DISTRIBUTION

p(2) = pM(2)f(z)

With:

| 4ncy’(2) r?“ N MAXy !
(th)(7) = dt ¥ (z4z, 1)) X | 1o t
p (Z) l+z H (Z) MIN d (Zf(z d)) - tcli\/[ N/

L

0.9 <~ <pivo <max — <pivo
f(z) = (1—tanh< " t)) W = P

2 szivot 2Zmax

(Mpetha et al. 2023)
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Realisation



bHO/ OH,

Assuming €2 is perfectly known
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Realisation




AbacusSummit surte of N-body simulations by Hadzhiyska et al. (202 3)

Base box:
» Box of 2 Gpc/h, mass resolution 2.1 10” h_lM@

» Coverage of an octant of the sky, up to z ~ 0.8 then reduced to1800 deg?
* 47 maps of the convergence fields k ranging from z = 0.15 to z = 2.45
* Pixel resolution of 0.21 arcmin

B 1
(1 = k)

Following Takahashi et al. 201 | Iz
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