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Conclusions

• Quantify our ability to identify higher modes in the emission of gravitational 
waves (GW) of supermassive black hole binaries (SMBHB). 

• Large signal-to-noise ratio (SNR) in LISA enhances the possibility to test 
General Relativity (GR)  No-hair theorem. 
‣ BHs are characterised by the mass and the spin BH(Mf, af).

⟶

LISA: Laser Interferometer Space Antenna 

• 3 space-crafts in a triangular 
constellation in Earth’s orbit. 

• Time delay interferometry 
(TDI), to cancel laser noise:

Is crucial to correctly estimate the SMBHB parameters!!!

Marginalised posterior distribution with noise
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• LISA response can be integrated as a transfer function in Fourier’s domain:
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• Inspiral-merger-ringdown (IMR) waveform can be decomposed in spherical 
harmonics: 

hIMR
lm ( f ) = Alm( f ) e−iϕlm( f )

The detectability of the 
modes is related to 
their SNR. Each mode 
SNR depends on the 
frequency and thus on 
the mass of the event. 

Models definition
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• Given the redshift and the source mass of an event we can infer the relevance 
of the modes through the map-guide of SNR presented here. 

• We are able to discriminate models and therefore modes with a Bayesian 
analysis. 

• We see how the use of an incorrect template of modes causes bias in the 
parameter estimation. 

• Given a certain SNR we can constrain the number of modes needed to estimate 
the parameters without significant bias, in the case of a waveform with 6 
modes. 

• Biased parameters can lead to misinterpretation in GR tests. 

Using an incorrect 
template results in 
a systematic 
modelling error 
( ). If the 
statistical error ( ) 
is smaller than the 
modelling error,  
the bias in the 
parameters 
becomes relevant. 
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Estimated values for models M1 and M6

One can obtain the 
values of the final 
mass and final spin 
of the remnant BH 
from the 
parameters of the 
progenitors. 

The bias in the 
estimated  
parameters will 
translate into bias 
in the final BH’s 
parameters.

Quasi-normal modes (QNMs):
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We need the accurate value of final mass and final spin 
in order to test the ‘no-hair’ theorem. 


