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Binary formation channels 1 & 2
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Common envelope Dynamical capture

After

Before
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Binary formation channel 3
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After

Before

SMBH
Accretion diskBBH

Samsing et al., arXiv:2010.09765

AGN
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Migration traps
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Peng & Chen, 2104.07685 7 𝑅Sch

Bellovary et al., 1511.00005 20 to 300 𝑅Sch

SMBH
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Probability of lensing

6

arXiv:2408.13144
S. H.W. Leong, J. Janquart, A. Kumar Sharma, P. Martens, P. Ajith, O. A. Hannuksela

SMBH
Thin accretion disk

Model

൞
Prob Lensed|Model ≈

𝑅Sch

2 𝑅orb
 

> 105 observations of GWs in the future 

GW lensing will occur

BBH

𝑅orb

(if the channel is non-negligible)
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Discrimination criteria
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Are they compatible with AGN-BBH lensing?
−+ Or is it ”traditional” lensing?

image +

image −

GW signal +

GW signal −
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Large angles
Feature 1
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SMBH

BBH Thin accretion disk

𝜄+

𝜄−

𝜄

𝛾−

𝛾+

opening angle 𝛾 ≔ 𝛾− + 𝛾+
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BBH parameters & observer position

9Paul Martens 9

orbital
phase

polarization
angle
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Doppler shift
Feature 2
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𝛿𝑧bias ∝ Δ𝑣±

𝑣orb
2 ∝

𝑀AGN

𝑅orb
∝

𝑅Sch

𝑅orb

blue shifted

red shifted

𝐷ℓ𝐷ℓ𝑠

𝐷𝑠

𝒗proj

𝒗+

𝒗−

SMBH

Δ𝑣±~2
𝑅Sch

𝑅orb
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A gravitational wave signal
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15 parameters
• 2 masses
• 6 spin parameters
• 1 source distance
• 2 for sky localization
• 1 time of arrival
• 3 angles

• Inclination 𝜄
• Phase of coalescence 𝜙coal

• Polarization 𝜓

GW Signal

PE

+ lensing parameters…
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Parameter estimation
  Preliminary result 
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Can we realistically 
recover the parameters?

Apparently, yes!

Samson H. W.
Leong

But more ongoing…
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Future developments

▪Constrain the recoverable parameter space

▪Consider additional effects
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1.In simplified setting first
2.Using full parameter estimation
3.Including FAR & co…
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What if we do not find any AGN-BBH?    +
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arXiv:2408.13144

S. H.W. Leong, J. Janquart, A. Kumar Sharma, P. Martens, P. Ajith, O. A. Hannuksela

Now!
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Summary
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If AGN-BBH formation channel…

GW lensing

If observed, many interesting insights!

Higher order modes

If nothing…

Constraints!

Etc…

Migration traps

See also arXiv:2408.13144
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Quick mention!  -

16Paul Martens 16
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Thank you!

Paul Martens
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Extra slides
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Sky localization
examples
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GW190521
An illustration
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Waveform Possible flare
Intermediate

masses

൝
85−14

+21 𝑀⊙

66−18
+17 𝑀⊙

but arXiv:2009.12346…

arXiv: 2006.14122arXiv: 2009.01075
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Flare vs lensing
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AGN AGN

Face-on

Flare

Edge-on

Lensing
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IMBH

26

Recoil & flare

AGN
Accretion diskMerger

Recoil kickFlare

No remnant expected between
64 and 135 𝑀⊙ because of

pair instability

Flare would be from 
the accretion disk

Intermediate mass from 
the accretion disk

but arXiv:2009.12346…
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Mass growth rate in 
an accretion disk
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~10−7𝑀⊙/yr

McKernan et al.,
arXiv: 1206.2309

McKernan et al.,
arXiv: 1403.6433
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Torque and
traps
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Bellovary et al.,
1511.00005

20𝑅Sch to 300𝑅Sch
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Some assumptions…

• Geometrical optic limit

• Point mass lens

• No additional effect
(for now)

31
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Lensing condition

𝛽 ≤ 𝜃E where 𝜃E
2 ≔ 2𝑅Sch

𝐷ℓ𝑠

𝐷𝑠𝐷ℓ
𝐷ℓ𝐷ℓ𝑠

𝐷𝑠

𝛽
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arXiv:2408.13144

by  S. H.W. Leong, J. Janquart, A. Kumar Sharma, P. Martens, P. Ajith, O. A. Hannuksela
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arXiv:2408.13144

by  S. H.W. Leong, J. Janquart, A. Kumar Sharma, P. Martens, P. Ajith, O. A. Hannuksela
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