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How can we use strongly lensed events?Which theories can we constraint? 

● Extra dimensions theories (D)

● Scalar-tensor theories (𝚵, n)* 

● Time varying Planck mass (cM)*

dGW ≟ dEM
 

Redshift + 
cosmology

Difference in measured values of dGW and dEM helps constraint a class of theories above 

*Belgacem et al 2018 and Lagos et al 2019
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Gravitational 
waves

https://arxiv.org/pdf/1805.08731.pdf
https://journals-aps-org.proxy.library.uu.nl/prd/abstract/10.1103/PhysRevD.99.083504
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What is GW lensing?
GW 
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What is GW lensing?
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Galaxy Cluster
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What is GW lensing?

Strong 
Lensing

When strong lensing happens 

1. Frequency evolution is 
unchanged 

2. Each image is 
magnified/de-magnified by a 
constant value 

3. Constant phase shift 
Time (s) 5



Why is GW lensing important now?

Ng et al. (2017); see also Li et al. (2018), Oguri (2018); Wierda et al. (2021); Xu et al. (2021)

Detection 
predicted 
Design 

sensitivity

*Tune in for the talk on 

detection methodology at 

15h30 (CST) on 7th July by 

Justin Janquart
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We expect to detect* 

a strongly lensed GW 

event at O(10)



What information can we extract from strongly lensed events?

Source: Hannuksela et al. 2020, Wempe et al. 2022
 

A Quadruply lensed event (4) x 
 LVK detectors (3) = 12 events

Localized to one or at most 
a few galaxies

Redshift
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https://arxiv.org/pdf/2004.13811.pdf
https://www.google.com/url?q=https://arxiv.org/abs/2204.08732&sa=D&source=editors&ust=1656924310630517&usg=AOvVaw31w8wdeoTDnNvKQoAR7QQd


How can we use strongly lensed events?

 A GW event

“EM” luminosity 
distance (dEM)

“GW” luminosity 
distance (dGW)

What information can we extract from strongly lensed events?

If the 
event is 
lensed

If GR is correct, 
dGW =  dEM 8



How can we use strongly lensed events?Which theories we can constraint? 

● Extra dimensions theories (D)

● Scalar-tensor theories (𝚵, n)* 

● Time varying Planck mass (cM)*

dGW ≠ dEM
 

Absent for a non-lensed 
BBH event, but lensing 

can provide this

Difference in measured values of dGW and dEM helps constraint a class of theories above 

*Belgacem et al and Lagos et al
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https://arxiv.org/pdf/1805.08731.pdf
https://journals-aps-org.proxy.library.uu.nl/prd/abstract/10.1103/PhysRevD.99.083504


Simulations

Extra dimensions

Scalar Tensor 

Varying 
Planck Mass

Larger distance → Better constraints

Possible with a 
BNS systems too 
however they 
appear at 
relatively 
smaller 
distances, so less 
constraining 
power
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https://arxiv.org/abs/2010.04047


Injections (in progress):

Scalar Tensor TheoriesExtra Dimension Theories

Current Bounds
- D = 4.5 ± 0.3
- Xi <10

S Mastrogiovanni et al
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https://arxiv.org/abs/2010.04047
https://arxiv.org/abs/2010.04047


Thank you for your time and attention! 
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How can we use strongly lensed events?

If GR is correct, dGW =  dEM

What information can we extract from strongly lensed events?

Quadruply lensed event

“EM” luminosity distance 
(dEM)

“GW” luminosity distance 
(dGW)
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How can we use strongly lensed events?

 A GW event

“EM” luminosity distance 
(dEM)

“GW” luminosity distance 
(dGW)

If GR is correct, dGW =  dEM

Constraint on theories where 
dGW ≠  dEM

Extra dimensions

Maggiore et al

M. Lagos et al  

What information can we extract from strongly lensed events?

If the 
event is 
lensed
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https://arxiv.org/pdf/1805.08731.pdf
https://journals-aps-org.proxy.library.uu.nl/prd/abstract/10.1103/PhysRevD.99.083504


How can we use strongly lensed events?Which theories we can constraint? 

- Extra dimensions theories (D)

- Scalar-tensor theories (𝚵, n)* 

- Time varying Planck mass (cM)*

Theories with dGW ≠ dEM
 

Absent for a non-lensed BBH event, 
but lensing can provide this

Difference in measured values of dGW and dEM helps constraint a class of theories above 

*Belgacem et al and Lagos et al
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https://arxiv.org/pdf/1805.08731.pdf
https://journals-aps-org.proxy.library.uu.nl/prd/abstract/10.1103/PhysRevD.99.083504
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