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MACHINE-LEARNING APPLICATIONS TO GW ASTRONOMY
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P. Nousi, N. Passalis, P. Iosif, Th. Apostolatos, G. Pappas, N. Stergioulas, A. Tefas, arXiv:2107.04312 (2021)  

“Autoencoder-driven Spiral Representation Learning for Gravitational Wave Surrogate Modelling”
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S. Fragkouli, P. Nousi, N. Passalis, P. Iosif, N. Stergioulas, A. Tefas, in preparation

“Deep Residual Error and Bag-of-Tricks Learning for Gravitational Wave Surrogate Modeling”



GENERIC ORBITS IN GENERALIZED SPACETIMES
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L. Souvaitzis (MSc Thesis), supervisors: G. Pappas, N. Stergioulas (2021)  

“Generic Orbits around rotating Black Holes and non-Kerr compact objects with Gravitational Wave  
applications for LISA”
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General form of metric for a rotating black hole

Hamiltonian formalism for orbits

Examples:

Einstein-dilaton-Gauss-Bonet dynamical Chern-Simons



ESA PRODEX FUNDING
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LISAπ
PRODEX Experiment Arrangement No. 4000132310  
Oct. 2020 - Sept. 2022 
P.I. N. Stergioulas + 1 senior post-doc (N. Karnesis)

LISA Stochastic Signals Analysis Pipeline / LISA-Pi  
• LISA will be a signal dominated observatory 

• SuperMassive Black Hole Binaries (SMBHBs) 

• Compact Galactic Binaries (GBs) 

• Stellar Origin Black Hole Binaries (SOBBHs) 

• Extreme Mass Ratio Inspirals (EMRIs) 

• Stochastic signals from Cosmological sources 

• Signals overlapping in time and frequency. 

• In addition: confusion signal in certain frequency 
bands (.i.e the GBs case).  

• Construct a key component of the global fit pipeline 
to detect and characterize the Stochastic GW 
Background!



COLLABORATIONS
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LISAπ• Planning and collaborations for LISAπ  
• N Korsakova (APC) 

• Make use of Neural Networks in order to improve efficiency of the sampler. 
• M. Katz (AEI Potsdam) 

• Accelerate the code with GPU interface.  
• LISAπ is going to be part of the analysis of the second LISA Data Challenge (LDC2). 

• The aim is to propose a solution to the LDC2 - a collaboration of several institutes (AEI, AUTh, APC).



9

FIG. 7. Input (left panel) and reconstructed output (central panel) maps in a low SNR case, integrating over a frequency range
of [10�4, 10�1] Hz. The input map is an `C` flat gaussian realisation with `max = 10. The output map is a heavily smoothed
version of the input, with some loss of power due to the strong conditioning required. The SNR of this particular reconstruction
is shown in the right panel.

3. Results

We have run a variety of simulations to extensively
probe the ability of the TDI configurations {X, Y, Z}
to reconstruct an anisotropic GWB, both in high and
low signal-to-noise ratio (SNR) scenarios. For all the
maps discussed below the inversion problem is strongly
ill-conditioned, hence the Fisher matrix is inverted using
the singular value decomposition technique as in simi-
lar work done with LIGO data [13, 14]. Specifically, the
condition number of the Fisher matrices in the cases pre-
sented below, which are all of dimension N

out
pix ⇥N

out
pix , is

of order 1018. In the case of high SNR the output maps
mildly depend on the conditioning imposed at pseudo-
inversion as the signal will dominate the information,
whereas in the low SNR scenario the output map is ex-
tremely dependent on the conditioning. In these tests,
the choice made was to monitor the monopole level of
the output map and gauge the conditioning such that
it would match the input. This technique may be em-
ployed also with real data, where the measurement of
the monopole can be done independently of the inversion
problem.

To test the limits of the geometric set-up of LISA,
we have generated data with anisotropic, flat spectrum
backgrounds (↵ = 3) of e↵ectively infinite SNR and re-
constructed output maps truncating the frequency inte-
gration at di↵erent values of fmax. In this extremely
high signal scenario, the solution converges after a sin-
gle iteration. As may be seen in the example maps in
Fig. 5, the input map is reconstructed remarkably di↵er-
ently in the case of fmax = 10�1 Hz and fmax = 10�2

Hz. The higher angular modes are well preserved when
allowing the reconstructor to integrate up to higher fre-
quencies, where there is finer structure in the response
pattern, whereas they are aliased into lower modes when
integrating only over the lower frequencies. To study
this trend we have run sets of 50 analogous simulations
when fmax = 10�3 Hz, 10�2 Hz, 5 ⇥ 10�2 Hz, 10�1 Hz
and calculated the average output C`s in each set. We
also compute the transfer functions T` = C`/C

in
` . The

comparison between transfer functions with di↵erent fre-

FIG. 8. Sky distribution of the noise in the SSB frame. Note
the imprinted 6-fold symmetry of the orbit, given by the three
concentric orbits of the spacecrafts.

quency cuto↵s may be seen in the left panel of Fig. 6.
Di↵erent spectral shapes are reconstructed slightly dif-
ferently, as may be seen in the right panel of Fig. 6 where
the high frequency ↵ = 3 set is compared with a high fre-
quency ↵ = 0 set of simulations. The C` reconstruction
and resulting transfer functions di↵er at certain modes,
on average by 5%, but the cuto↵ `max appears to be the
same, hence we conclude the frequency weighting in the
signal and reconstruction do not have a strong impact on
the resolution of the reconstructed maps.
An example of map reconstruction in the presence of

high noise is shown in Fig. 7. The map in input here
is a `C` flat Gaussian realisation with maximum angu-
lar scale `max = 10 to make the visual comparison eas-
ier. The spectral shape of the signal is ↵ = 2/3, which
together with the power spectrum is typically associ-
ated with an astrophysical inspiral-dominated GWB [38]
which traces the large scale structure [51]. The signal
component has an SNR of 0.6 and is thus buried under
the noise, as may be seen in the specific data sample
in Fig. 4. As may be observed in Fig. 7, the presence of
loud noise has a similar e↵ect as having a lower frequency
cuto↵, as the noise dominates at higher frequencies. Ad-
ditionally, severe conditioning is required to cut out the

H.F.R.I. (ΕΛΙΔΕΚ) FUNDING
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• SpaceSHEL: Space Stochastic Gravitational Wave Hunt Employing LISA  
• Search for stochastic Gravitational-Wave signals of Cosmological & Astrophysical origin in the LISA data 
• Build GW-intensity sky maps to probe anisotropies of the stochastic GW background signals 
• Accelerate computations using Machine Learning 
• Second phase of LISAπ!

C R Contaldi, et al, Phys. Rev. D 102, 043502
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P.I. N. Karnesis (1 post-doc + 1 PhD student)


