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Einstein Telescope
•Increased sensitivity
great expectations

•Big catalogs of inspiral events 
up to cosmological distances

University of Silesia has joined 
the Polish Einstein Telescope
Consortium
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From ET 

Design Study 
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ET will see sources to much higher distances than 2nd generation experiments
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Einstein Telescope
•Increased sensitivity
great expectations

•Big catalogs of inspiral events 
up to cosmological distances

•Multi-messenger astrophysics

•Some of them would be 
gravitationally lensed

University of Silesia has joined 
the Polish Einstein Telescope
Consortium
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Based on papers
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1. DCO rate prediction

Detector’s reach

Original  configuration

„xylophone” configuration

Rate of inspiral events originating from sources in the redshift interval
[z, z+ dz]

intrinsic inspiral rate 

StarTrack population synthesis evolutionary code

yearly detection 
rate 

Data available from 
https://www.syntheticuniverse.org

cosmology - ΛCDM
ΛΩ++Ω= 3)1()( zzE m
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Merger rates according to M. Dominik et al. 2013

Thoroughly motivated assumptions:

•star formation rates
•galaxy mass distribution
•stellar populations and their 
metallicities
•galaxy metallicity evloution
„high-end” „low-end”

Four binary evolution scenarios:

•Standard
•Optimistic Common Envelope (OCE)
•Delayed SN explosion
•High BH kick

StarTrack
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„low-end” metallicity scenario predictions are ca. 47% higher (for total)

We assumed median values of DCO chirp masses
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SIS lens model – the simplest realistic case

Einstein radius

1D velocity 
dispersion

Two images form on the opposite side of the lens

angle between directions to the lens and to the source
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Time delay between images in SIS lens

2. Lensing statistics

Typical scale for galaxy
lens = 1” 

will not be resolved in ET



11

The only way to see lensed GW source - register 2 time delayed 
waveforms 
(of similar temporal structure i.e. frequency drift) 
with different amplitudes

Time delay between signals

Second image would be observed if it is magnified above the detector’s threshold

intrinsic SNR 

Hence the impact parameter should be
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Elementary cross section

Differential lensing cross section

Schechter function – parameters 
after Choi et al. 2007 

n*  [Mpc-3 ] σ* [km/s] α β
Choi et al. 2007 8. 10-3 (H0/100)3 161 2.32 2.67

Mitchell et al. 2005 4.1 10-3 (H0/100)3 88.8 6.5 1.93

Bernardi et al. 2013 2.6 10-3 (H0/70)3 159.6 0.41 2.59
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Differential lensing rate of DCO inspiralling binaries
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Predictions of lensed inspiral signals

BH-BH systems contribute 91 – 95%; NS-NS systems 1 – 4%
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Dependence of lensed 
GW events on the 
assumed VDF

differences are noticeable 

only for BH-BH systems 
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If we discover such  lensed GW source   

1. Identification of double images:  time delayed, the same waveform, 
different  amplitudes. 

2. Amplitude ratio   source position y  

3. Known y means known amplification  infer luminosity distance dL(zs)

Breaks degeneracy w.r.t. y  in time delay  distance ratio 

4. Seek for optical galaxy (now we approximately know at which zl  )

5. If found – spectroscopical follow up … 

Other perspectives: 

Study the amplification bias in the GW catalogs expected from E.T.

Ld
Ah ±

± ∝


