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Motivation

Gravitational waves from different environments:

NASA/ESA, Walter Jaffe/Leiden
Observatory, Holland Ford/JHU/STScl
R. Jaume, S. Husa

Isolated binaries, «in the field» EEEREEEEES et B Sty I :
Binaries in star clusters Binaries in AGN disks

How to distinguish the environment of GW sources?

Spins, eccentricity, Doppler shifts... + self-lensing




Environments and scenarios

Star (globular/nuclear) cluster AGN disk
TR S N s o E. Central self-lensing

General optical &=
depth for the &%
detectable BH
population

F. Lateral self-lensing

Resonant interactions ~ GW capture near central massive BH von Zeipel-Lidov-Kozai oscillations



Gravitational lensing

source image 1E
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(arXiv, 2024)
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Lens model: point mass

Self-lensing: di,s < dj,, ds
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Ubach, Gieles, Miralda-Escudé (2025)
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Probability of self-lensing

e Probability ~ optical depth 7 2Gm;
p 2
0-2 vgrbit RL ’
T X ) T X 3 X —dLS
population of lenses, one lens, e.g. Gould (1995)

optical lensing
— low value: self-lensing usually neglected

Nevertheless,

e very dense (relativistic) environments, o 1
e # detections ™ (next generation detectors)

- low probability = impossible



Detectability

Probability of detectable lensing

Detectability:

e Distortion (diffraction, interference)
e Multiple images
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Probability of self-lensing
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Detectability

e Distortion on single waveform (diffraction, interference)
(mg = 10 Mg + 10 M)
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Lindblom+(2008), Cornish+ (2011) Gao+ (2022),
Tambalo+(2023), Savastano+(2023)

(e >
<mLNmS y<ymaX22°5
Y < Ymax =~ 1.5
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Detectability

e Distortion on single waveform (diffraction, interference)
(mg = 10 Mg + 10 M)
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Detectability

e Distortion on single waveform (diffraction, interference)

i (mg = 10 Mg + 10 M)
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Detectability

Stellar-mass BH lenses: mostly undetectable, mp, ~ mg,
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— To have detectable imprint (interference pattern / multiple images),
we need a massive BH in the star cluster (IMBH/SMBH)



Probability of self-lensing
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e Probability of self-lensing (one lens): T
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Ymax = 1

Central black hole
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Detectability

 Multiple images (strong lensing), my, 2 10° Mq

SNR > 8 for both images
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Signatures from environments

Detectable imprint: interference pattern, multiple images
— central massive BH

e How do we know if star cluster or AGN disk?

AGN disk has characteristic signature: h_ polarization

E. Central self-lensing

Geometry:
edge-on disk

+ edge-on binary
(aligned with disk)

F. Lateral self-lensing

—> Wwe receive
h polarisation

Yy

O Ubach, Gieles, Miralda-Escudé (2025)
https://arxiv.org/abs/2505.04794
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Conclusions

 Stellar-mass BH lenses are both unlikely
and mostly undetectable (diffraction)

e AGN disk self-lensing has highest probability (7 ~ 2 X 1072)
+ detectable lensing imprint
+ characteristic feature: h, polarization
— could be distinguished from galaxy lensing, star cluster self-lensing

e Combining self-lensing with polarization and eccentricity can help
constrain the astrophysical environment
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Backup slides



(a) LVK
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Geometrical optics (GO) validity

GO approximation validity: 1/ z Vg =

1
4y
\ By 2GM

* Less restrictive condition
U * Depends alsoon Y

)\Xﬁs Bulashenko and Ubach (2022)
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Bulashenko and Ubach (2022)

GO approximation
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Wave effects

Source

Lens
plane

Image 1
(minimum)

Adapted from Image 2
Bulashenko & | ~?AN0 7 (saddle point)
Ubach (2022) % Observer

Point mass lens model



Recovery of an injected signal o7 ohe oo
(mock example) //M/y /

1le-15

Detection: matched filtering
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