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The TEONGRAV Network

The PISA Local Unit of TEONGRAV (formally active from 1/1/2023) 

• Leonardo Gualtieri (100%) [in University of Pisa from today 1/7/22!]

• Walter Del Pozzo (10%)

• Ignazio Bombaci (10%)

At the moment there are Staff Members only:

we plan to extend soon the unit to PhD students and postdocs as well.
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The activity of the TEONGRAV network (and of its Pisa Unit) focuses on the study of physical 
processes which are at the basis of the gravitational wave emission by astrophysical sources.




We address the following questions: 

- Which are the features of the GW signal emitted by the sources of present 

(Virgo, LIGO) and future (ET, LISA) detectors? We consider comparable mass 
binaries of black holes and/or neutron stars, extreme mass-ratio inspirals, 
rotating neutron stars.


- Which information on the emitting source could be extracted from a GW 
detection? For instance, what could we learn on the equation of state of the 
matter in the inner core of a neutron star? Could we find hints of dark matter 
around black holes?


- Which information on the nature of gravity could be extracted from a GW 
detection? For instance, which could be the imprint of modifications or 
extensions of general relativity on the gravitational wave signal from 
astrophysical sources? 
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We are part of the LISA consortium and of the ET Observational Science Board

The activity of the TEONGRAV network (and of its Pisa Unit) focuses on the study of physical 
processes which are at the basis of the gravitational wave emission by astrophysical sources.
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• Modelling of BH binaries and of the emitted GW signals beyond GR

Some of our lines of research:

- comparable mass binaries: inspiral, merger, ringdown

- extreme mass-ratio inspirals
(e.g. PRD 99, 064035 ’19; PRD 101, 124055, ’20; PRL 125, 141101 ’20; PRD 103, 124017 ’21;  
CQG 39, 105055 ’22; Nat. Astron. 6, 464 ’22; arXiv:2203.05003 )
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Extreme mass-ratio inspirals are target source for LISA,

and can reveal even tiny evidence of new physics. 

Figure 1 | Faithfulness between the GW plus polarization computed with and

without the scalar charge, as a function of the latter and for different signal

durations. The signal duration is measured in months (6 or 12) before the plunge.
The horizontal line identifies the threshold of distinguishability, F . 0.988, set
up by SNR of 30.

secondary body to be a compact object with mass µ = 10M�. We
track the evolution of a binary on a circular equatorial orbit for one
year, leading up to the plunge, i.e., we choose the initial radial posi-
tion r0 such that, after a year the secondary body is within a distance
of 0.1M from the innermost stable circular orbit (ISCO). Further de-
tails on the source parameters are discussed in the Methods Section.
We shall consider values of the signal-to-noise ratio (SNR) for LISA
detection of EMRIs ranging from 30 to few hundreds, reflecting con-
servative or more optimistic expectations2 based on rather uncertain
event-rate estimates for EMRIs.

A preliminary assessment of the detectability of the scalar charge
can be made using the evolution of the phase of the GW signal. The
fact that the phase difference between binaries with and without scalar
charge exceeds a certain threshold is an indication that the scalar charge
should be detectable by LISA after twelve months of observation. We
have calculated the phase difference and it is indeed above threshold
even for values of the scalar charge as small as d ⇠ 5 ⇥ 10�3. More
details are given in Methods.

A more quantitative analysis on LISA’s ability to detect a scalar
charge is given in Figure 1, which shows the faithfulness F between
two GW signals emitted by binaries with and without the charge. The
faithfulness (see the Methods below for a precise definition) provides
an estimate of how much two signals differ, weighted by the noise spec-
tral density of LISA. Given the SNR ⇢ of a signal, values of F smaller
than ⇠ 1�D/(2⇢2), with D dimension of the model (⇠ 10), indicate
that the two waveforms are significantly different and don’t provide a
faithful description of one another.20–22 For ⇢ = 30 this requirement
translates into F . 0.988. Figure 1 shows the values of F for the
chose prototype of binary configuration. After one year the faithful-
ness is always smaller than the threshold set by ⇢ = 30, even for scalar
charges as small as d & 0.01. For the same configuration, on a pe-
riod of just six months before the plunge, the faithfulness is below the
threshold already for charges d & 0.05.

The analysis carried out so far highlights two important aspects: (i)
the scalar charge provides a significant shift in the phase of the GW
signal emitted by EMRIs, (ii) the dephasing induces a mismatch in the
template with respect to the zero-charge case, which can potentially
lead to a severe loss of events and to a bias in the estimation of the
waveform parameters.21 This suggests that one year of LISA observa-
tions of EMRIs may be able to reveal the presence of a scalar charge as
small as d ⇠ 0.005� 0.01.

The dephasing and the faithfulness, however, don’t take fully into

Figure 2 | Corner plot for the probability distribution of the masses, pri-

mary spin and secondary charge, inferred after one year of observation with

LISA. We consider a binary system with d = 0.05 and SNR of 150. Diago-
nal (off-diagonal) boxes refer to marginalized (joint) distributions. Vertical lines
show the 1-� interval for each waveform parameters. Colored contours within the
joint distributions correspond to 68% and 95% probability confidence intervals.
In the off-diagonal panels we also show the correlation coefficient between the
parameters.
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Figure 3 | Uncertainties on the scalar charge for prototype EMRIs observed

with different SNR after one year of observation by LISA. (Top panel) Rela-
tive error on the scalar charge as a function of d for EMRIs SNR of 30 and 150.
(Bottom panel) 3-� interval around the true values of the scalar charge inferred
from LISA observations with the two values of the SNR also considered in the top
panel. Dashed curves in the top panel refer to the analytic fit �d = �/d with
� ' 4.18⇥ 10�4 and � ' 2.09⇥ 10�3 for SNR of 150 and 30, respectively.

2

Nat. Astron. 6,464 ‘22

We have shown that a (ultra-light) scalar field coupled with gravity

would affect the GW waveform in a theory-independent way,

and even very small scalar charges would be detectable by LISA
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We have shown that a (ultra-light) scalar field coupled with gravity

would affect the GW waveform in a theory-independent way,

and even very small scalar charges would be detectable by LISA

The scalar field could be that of a modified gravity theory as for instance scalar Gauss-Bonnet gravity 
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or an ultra-light dark matter candidate, but these results are fully general 
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• Modelling of BH binaries and of the emitted GW signals beyond GR

Some of our lines of research:

• Looking for new features of GW sources in modified gravity theories (“smoking guns”)

- comparable mass binaries: inspiral, merger, ringdown

- extreme mass-ratio inspirals
(e.g. PRD 99, 064035 ’19; PRD 101, 124055, ’20; PRL 125, 141101 ’20; PRD 103, 124017 ’21;  
CQG 39, 105055 ’22; Nat. Astron. 6, 464 ’22; arXiv:2203.05003 )

- spontaneous scalarization 

(e.g. PRD 99, 064011 ’19; PRD 99, 104041 ’19 )
- floating orbits
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- tidal deformations in late inspiral

- multimessenger observations

- floating orbits
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• Inference of astrophysical and cosmological models
(e.g. PRD 105, 104066 ’22; PRD 105, 043509 ’22 )


