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Violent Phenomena
AXPs, SGRs, hyperflares, 15% (?) of short 
GRBs, dynamical/secular instabilities, pulsar 
glitches, fall-back accretion onto newborn 
NSs, proto-magnetar deformations, 
QPOs...
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Post-merger of binary NS coalescences
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Violent Phenomena
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Expected or known to be associated with 
gravitational-wave emission

Challenge: many uncertainties (emission 
mechanism, waveform), low event rates,...

Vision: GW signals associated with these 
phenomena would convey unique 
information on the NS equation of state
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GW Searches
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Transient Signals

Burst

No modelModel

Compact Binary 
Coalescence

Continuous Signals

Continuous
Waves

Stochastic

No modelModel
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GW Searches
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Transient Signals

Burst

No modelModel

All-sky, all-time searches

NS dedicated search
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Search Plan: All-Sky
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Search the data Trigger follow-up Event database

cWB

Omicron

BayesWave

LIB

GraceDB
Astronomers

Commissioners
Data Analysts

Target transient signals with ms to s duration over 32-4096 Hz

Independent validation of results
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Search Plan: All-Sky

6

Search the data Trigger follow-up Event database

cWB

Omicron

BayesWave

LIB

GraceDB
Astronomers

Commissioners
Data Analysts

Long-duration (10-500s) transient GW events: cWB, X-SphRad, STAMP

24-2000 Hz band (24-1000Hz for X-SphRad)
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Triggered Search Plan
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GraceDB

NS dedicated GW search

1. Hyperflares in Galactic magnetars:

long-duration GRB-like analyses

follow-up short-duration candidate signals with 
standard burst reconstruction tools

2. Post-merger of NS-NS remnants:

standard burst tools to characterise and 
reconstruct short-duration, high-frequency signal

open-mind about targeting any later long-
duration bursts from stable remnants

Telescopes

GW detectors
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Coherent Burst Search
• Search for excess power in 

time-frequency plane (instead 
of matched filtering)

• Decompose data with multi-
resolution wavelet basis

GW burst searches
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Example: simulated BBH in Initial 
LIGO:  18 M�, 2 Mpc

• Coherent analysis: likelihood 
maximized over waveform, sky-
location. 
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Klimenko et al, CQG 25:114029,2008

- kth detector response

• Search in 1500-4000 Hz, determine & 
characterise post-merger scenario from 
spectrum of reconstructed signal

• Model prompt (BH) and delayed (NS) 
collapse spectra as power law, power law + 
Gaussian...

Sunday, 13 July 14

Seek excess power in time-
frequency domain (instead of 
matched filtering) by 
identifying clusters of “hot” 
pixels in time-frequency maps

Decompose data with multi-
resolution basis (wavelets, 
short Fourier transforms)
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Noise fluctuations can be eliminated based on their non-correlation 
between detectors
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Coherent Burst Search
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time-frequency plane (instead 
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- kth detector response

• Search in 1500-4000 Hz, determine & 
characterise post-merger scenario from 
spectrum of reconstructed signal

• Model prompt (BH) and delayed (NS) 
collapse spectra as power law, power law + 
Gaussian...

Sunday, 13 July 14

Coherent analysis: likelihood maximized 
over waveform, sky-location
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Clustering
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Clustering
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Clustering
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time
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dt2 + (⇡⌧a⌧2)

2 df2

⌧2a + ⌧2b

Can be tuned to specific signal morphologies

[Credit:Tyson Littenberg]
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Follow-up Analyses
BayesWave: operates in the Fourier domain, using a trans-dimensional 
Reversible Jump Markov Chain Monte Carlo to build linear combinations 
of sine-Gaussians

Glitch model fits data separately in each interferometer with an 
independent linear combination of wavelets

Signal model reconstructs the candidate event at the center of the 
Earth, taking into account the response of each detector

Uses a parametrized phenomenological model (BayesLine) for the 
instrument noise spectrum, simultaneously characterizing the 
Gaussian noise and instrument/astrophysical transients

10

[Cornish+, CQG 101, 135012 (2015), Littenberg+, PRD 91, Phys. Rev. D 91, 084034 (2015)]



Francesco Pannarale NewCompStar meeting on oscillations and instabilities in NSs
Southampton, 14/09/16

Follow-up Analyses• Model power spectrum by dividing it into two separate components:

• The smooth part of the spectrum is
modeled using a cubic-spline fit 
(parameters: number & 
location of spline control points)

• Model spectral lines as a linear 
combination of Lorentzians
(parameters: number & A, f, Q)

• Model selection decides minimum 
number of spline points & lines 
needed to make whitened data 
consistent w/ N[0,1]

BayesLine - Spectral Modeling
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NS-NS Follow-Ups

11

observations and population synthesis studies suggest
these systems to be most abundant [40]. After energy and
angular momentum losses by GWs have driven the inspiral
of the NSs for several 100 Myrs, there are two different
outcomes of the coalescence. Either the two stars directly
form a black hole (BH) shortly after they fuse (‘‘prompt
collapse’’), or the merging leads to the formation of a
differentially rotating object (DRO) that is stabilized
against the gravitational collapse by rotation and thermal

pressure contributions. Continuous loss of angular momen-
tum by GWs and redistribution to the outer merger remnant
will finally lead to a ‘‘delayed collapse’’ on time scales of
typically several 10–100 ms depending on the mass and the
EoS. For EoSs with a sufficiently highMmax stable or very
long-lived rigidly rotating NSs are the final product.
A prompt collapse occurs for three EoSs of our sample

(marked by x in Table I and Fig. 1). One observes this
scenario only for EoSs with small Rmax. In the simulations
with the remaining EoSs DROs are formed. The evolution
of these mergers is qualitatively similar. The dynamics are
described in [21,22].
For all models that produce a DRO the GW signal is

analyzed by a post-Newtonian quadrupole formula [21].
The inset of Fig. 2 shows the GW amplitude of the plus
polarization at a polar distance of 20 Mpc for NSs de-
scribed by the Shen EoS. Clearly visible is the inspiral
phase with an increasing amplitude and frequency (until
5 ms), followed by the merging and the ringdown of the
postmerger remnant (from 6 ms). All DROs are stable
against collapse well beyond the complete damping of
the postmerger oscillations. In Fig. 2 we plot the spectra
of the angle-averaged effective amplitude, hav¼0:4f~hzðfÞ
(see, e.g., [16]), at a distance of 20 Mpc for the Shen
EoS (solid black) and the eosUU (dash-dotted) together
with the anticipated sensitivity for Advanced LIGO [17]
and the planned Einstein Telescope (ET) [41]. Here

~hzðfÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðj~hþj2 þ j~h%j2Þ=2

q
is given by the Fourier trans-

forms, ~hþ=%, of the waveforms for both polarizations
observed along the pole. As a characteristic feature of the
spectra a pronounced peak at fpeak ¼ 2:19 kHz for the
Shen EoS and 3.50 kHz for eosUU is found, which is
known to be connected to the GW emission of the merger
remnant [7]. Recently, this peak has been identified as the
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FIG. 1 (color online). NS M-R relations for all considered
EoSs. Red curves (gray in print version) correspond to EoSs
that include thermal effects consistently, black lines indicate
EoSs supplemented with a thermal ideal gas. The horizontal
line corresponds to the 1:97M& NS [3].
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FIG. 2 (color online). Orientation-averaged spectra of the GW
signal for the Shen (solid) and the eosUU (black dash-dotted)
EoSs and the Advanced LIGO [red dashed (gray in print ver-
sion)] and ET (black dashed) unity SNR sensitivities. The inset
shows the GW amplitude with þ polarization at a polar distance
of 20 Mpc for the Shen EoS.

TABLE I. Used EoSs. Mmax and Rmax are mass and radius of
the maximum-mass TOV configuration, fpeak is the peak fre-

quency of the postmerger GWemission with the FWHM (a cross
indicates prompt collapse of the remnant). f~hzðfpeakÞ is the

effective peak amplitude of the GW signal at a polar distance
of 20 Mpc. The tables of the first five and next seven EoSs are
taken from [25,26], respectively.

Mmax Rmax fpeak, FWHM f~hzðfpeakÞ
EoS with references [M&] [km] [kHz] [10'21]

Sly4 [27] þ!th 2.05 10.01 3.32, 0.20 2.33

APR [28] þ!th 2.19 9.90 3.46, 0.18 2.45

FPS [29] þ!th 1.80 9.30 x x
BBB2 [30] þ!th 1.92 9.55 3.73, 0.22 1.33

Glendnh3 [31]þ!th 1.96 11.48 2.33, 0.13 1.27

eosAU [32] þ!th 2.14 9.45 x x
eosC [33] þ!th 1.87 9.89 3.33, 0.22 1.27

eosL [34] þ!th 2.76 14.30 1.84, 0.10 1.38

eosO [35] þ!th 2.39 11.56 2.66, 0.11 2.30

eosUU [32] þ!th 2.21 9.84 3.50, 0.17 2.64

eosWS [32] þ!th 1.85 9.58 x x
SKA [36] þ!th 2.21 11.17 2.64, 0.13 1.96

Shen [37] 2.24 12.63 2.19, 0.15 1.43

LS180 [36] 1.83 10.04 3.26, 0.25 1.19

LS220 [36] 2.04 10.61 2.89, 0.21 1.63

LS375 [36] 2.71 12.34 2.40, 0.13 1.82

GS1 [38] 2.75 13.27 2.10, 0.12 1.46

GS2 [39] 2.09 11.78 2.53, 0.12 2.15

PRL 108, 011101 (2012) P HY S I CA L R EV I EW LE T T E R S
week ending

6 JANUARY 2012

011101-2

2.2. Universal post-merger spectra and measuring the NS radius

For a fixed total binary mass the frequencies of the three different peaks depend in a particular
way on the EoS, which can be characterized by the radius or compactness of nonrotating
NSs [34, 42, 49] (see also [53, 55] for the dependence of the strongest secondary feature on
compactness, without distinguishing the different nature of secondary peaks). The two sec-
ondary frequencies show a tight correlation with the dominant postmerger frequency fpeak.
This is shown in figure 4 for 1.35–1.35 :M mergers. The least-square fits in figure 4 are given
by � �f f0.806 0.190 kHzspiral peak· and � ��f f1.002 1.080 kHz2 0 peak· (with fre-
quencies in kHz). Similar relations hold for other binary masses.

Figure 3. Time-frequency analysis for the SFHO 1.35+1.35 waveform for an
optimally oriented source at 50 Mpc. In contrast to figure 1, the secondary spectral
feature now arises mostly from the �f2 0 oscillation, rather than the fspiral feature from
the antipodal bulges.

Figure 4. Left panel: secondary frequencies �f2 0 (circles) and fspiral (boxes) and as
function of the dominant postmerger oscillation frequency fpeak for 1.35–1.35 :M
mergers with different EoSs (reproduced from [42]). Right panel: peak frequency as a
function of radii of nonrotating NSs with 1.6Me for 1.35–1.35 :M mergers with
different EoSs. Solid line shows a least-square fit to the data.

Class. Quantum Grav. 33 (2016) 085003 J A Clark et al
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[Bauswein+, PRL 101, 011101 (2012), Clark+, CQG 33, 085003 (2016)]

Quasi-stable (hyper-)massive NS remnant

Merger/post-merger dynamics produce a 
rich GW spectrum:

‣ Emission dominated by post-merger       
~ f-mode oscillations (fpeak)

‣ Subdominant emission from (2,0)-mode 
coupling & short-lived bar structure

Locate fpeak → constrain NS EOS
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arrangement. ET-D is_ q8 more sensitive than aLIGO over 1–4 kHz. Due to the network
configuration (i.e., the alignment of the component instruments) the effective sensitivity
of ET-D is ∼18% higher than that for a single ET-D detector.

Figure 7 shows the design sensitivity spectra for each of these instruments, again
focussing on the 1–4 kHz range of interest for the post-merger BNS GW signal. For com-
parison, we also show the amplitude spectrum of a typical BNS waveform (the TM1 1.35
+1.35 example discussed in section 2) for an optimally oriented source at 50Mpc. Finally,
the figures of merit describing the detectability of the post-merger signal for each instrument
are summarised in table 3. Since there are five instruments, 50 waveforms and 4 figures of
merit, we choose to summarise the results for each instrument in terms of the 10th, 50th and
90th percentiles, evaluated over the 50 waveforms used in the study.

4. A waveform model using PCA

The optimal data analysis method for the identification and characterisation of a GW signal in
noisy data is matched-filtering, wherein an exact analytic model, or template, for the wave-
form is convolved with data stream from a network of GW detectors. Unfortunately, the
physical complexity of the merging BNS system is such that detailed numerical simulations
are required to produce even an approximate waveform. Furthermore, since the physical
parameters of the system are essentially unknown, many such simulations would be required
in order to build a template bank to maximise the likelihood of signal detection.

We are, therefore, confronted with a similar data analysis problem to that in the analysis
of GWs from core collapse supernovae: the absence of an accurate analytic waveform tem-
plate, a limited number of computationally expensive and approximate simulations and a
requirement to significantly reduce the complexity of the modelling problem to faciliate the
use of an approximate matched-filter. Motivated by the work in [85, 86], we find that we can
construct an effective waveform model from a basis constructed using PCA of a suite of
merger simulations comprised of systems with different equations of state, masses and mass
ratios.

Our goal is to reduce the complexity of the modelling problem from a high-dimensional
physical parameter space, where the waveforms are modelled directly through numerical

Table 3. Expected detectability. The horizon distance Dhor is evaluated assuming an
optimal matched-filter SNR S � 5 and the detection rate is evaluated as described
section 3, assuming the ‘realistic’ binary coalescence rate in [79]. Large script values
indicate the median across waveforms used in this study, while the super and subscript
show the 10th and 90th percentiles, respectively. SNRfull refers to the SNR for the full
waveform, evaluated over 1–8 kHz. SNRs are evaluated for an optimally oriented
source at 50 Mpc. We note that the finite simulation time and numerical damping of the
post-merger oscillations likely lead to an underestimate of the total SNR in the post-
merger signal. The reader is directed to the study in [48] for further discussion.

Instrument SNRfull Dhor (Mpc) &det
˙ (year−1)

aLIGO 2.992.37
3.86 29.8923.76

38.57 0.010.01
0.03

A+ 7.896.25
10.16 78.8962.52

101.67 0.130.10
0.20

LV 14.0611.16
18.13 140.56111.60

181.29 0.410.21
0.88

ET-D 26.6520.81
34.28 266.52208.06

342.80 2.811.33
5.98

CE 41.5032.99
53.52 414.62329.88

535.221 10.595.33
22.78

Class. Quantum Grav. 33 (2016) 085003 J A Clark et al
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Now-2020
2020+

2027-28
2035+
2035+

Year

Notation:                  percentile over the 50 waveforms used50th 10th
90th

Finite simulation time and numerical damping of the post-merger 
oscillations likely lead to an underestimate of the total SNR
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arrangement. ET-D is_ q8 more sensitive than aLIGO over 1–4 kHz. Due to the network
configuration (i.e., the alignment of the component instruments) the effective sensitivity
of ET-D is ∼18% higher than that for a single ET-D detector.

Figure 7 shows the design sensitivity spectra for each of these instruments, again
focussing on the 1–4 kHz range of interest for the post-merger BNS GW signal. For com-
parison, we also show the amplitude spectrum of a typical BNS waveform (the TM1 1.35
+1.35 example discussed in section 2) for an optimally oriented source at 50Mpc. Finally,
the figures of merit describing the detectability of the post-merger signal for each instrument
are summarised in table 3. Since there are five instruments, 50 waveforms and 4 figures of
merit, we choose to summarise the results for each instrument in terms of the 10th, 50th and
90th percentiles, evaluated over the 50 waveforms used in the study.

4. A waveform model using PCA

The optimal data analysis method for the identification and characterisation of a GW signal in
noisy data is matched-filtering, wherein an exact analytic model, or template, for the wave-
form is convolved with data stream from a network of GW detectors. Unfortunately, the
physical complexity of the merging BNS system is such that detailed numerical simulations
are required to produce even an approximate waveform. Furthermore, since the physical
parameters of the system are essentially unknown, many such simulations would be required
in order to build a template bank to maximise the likelihood of signal detection.

We are, therefore, confronted with a similar data analysis problem to that in the analysis
of GWs from core collapse supernovae: the absence of an accurate analytic waveform tem-
plate, a limited number of computationally expensive and approximate simulations and a
requirement to significantly reduce the complexity of the modelling problem to faciliate the
use of an approximate matched-filter. Motivated by the work in [85, 86], we find that we can
construct an effective waveform model from a basis constructed using PCA of a suite of
merger simulations comprised of systems with different equations of state, masses and mass
ratios.

Our goal is to reduce the complexity of the modelling problem from a high-dimensional
physical parameter space, where the waveforms are modelled directly through numerical

Table 3. Expected detectability. The horizon distance Dhor is evaluated assuming an
optimal matched-filter SNR S � 5 and the detection rate is evaluated as described
section 3, assuming the ‘realistic’ binary coalescence rate in [79]. Large script values
indicate the median across waveforms used in this study, while the super and subscript
show the 10th and 90th percentiles, respectively. SNRfull refers to the SNR for the full
waveform, evaluated over 1–8 kHz. SNRs are evaluated for an optimally oriented
source at 50 Mpc. We note that the finite simulation time and numerical damping of the
post-merger oscillations likely lead to an underestimate of the total SNR in the post-
merger signal. The reader is directed to the study in [48] for further discussion.
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Notation:                  percentile over the 50 waveforms used50th 10th
90th

Finite simulation time and numerical damping of the post-merger 
oscillations likely lead to an underestimate of the total SNR



Francesco Pannarale NewCompStar meeting on oscillations and instabilities in NSs
Southampton, 14/09/16

NS-NS Follow-Ups

13

[Clark+, CQG 33, 085003 (2016)]

Now-2020
2020+

2027-28
2035+
2035+

Year

Use input from models: Fourier-domain principal component analysis 
model for 50 NS-NS waveforms takes from high-dimensional (and costly) 
parameter space to dominant waveform features.

percentiles, computed over the matches for different waveforms, are summarised in figure 13
and listed explicitly in table 4. We find that the PCA templates yield a match of ∼0.93 across
all of the instruments considered. Variations in the match arise from differences in the shapes
of the noise curve, i.e., the denominator in equation (5); in the kHz regime, where sensitivity
is limited by photon shot-noise, the noise curves mostly only differ in their overall amplitude
scale and we do not expect significant variations in match quality.

4.2. Implications for parameter estimation

Given this approximate waveform template it is useful to determine its effectiveness in
parameter estimation and, ultimately, the extraction of astrophysics. Recall from section 2
that the single most robust feature of the GW spectrum for these signals is the presence of a
dominant spectral peak due to excitation of the post-merger remnant’s quadrupolar f-mode
oscillation. Recall also that the peak frequency of this excitation in systems with total binary
masses of 2.7 :M correlates strongly with the radius R1.6 of a fiducial nonspinning :M1.6 NS
across a wide variety of equations of state. Our goal then, is to determine how accurately we
might expect to measure fpeak using our PCA-based waveform model. In this section, we
review the PCA waveform template and derive preliminary estimates for the accuracy with
which we may measure fpeak and hence R1.6 given current and planned GW observatories.

The aligned magnitude spectrum at frequency f of our waveform model is given by

Ca � a �A f A f fv , 121 1( ) ⟨ ( )⟩ ( ) ( )
where the spectrum is aligned such that the dominant peak lies at frequency falign, aA f⟨ ( )⟩ is
the mean magnitude spectrum of the catalogue, fv1( ) is the first principal component and C1 is
the coefficient of an arbitrary waveform’s projection onto fv1( ). The final magnitude
spectrum is given by interpolating the aligned spectrum aA f( ) to a set of new frequencies
a �f

f

f
peak

align
:

a l l qA f A f f
f

f
f: 13peak

align

( ) ( ) ( )

and an identical procedure is applied to the phase spectrum G f( ). In this prescription then, the
peak frequency fpeak is a direct parameter of the model.

We adopt a fidicial detection threshold which demands that a signal is observed with
SNR .5. At low SNRs, and given the large uncertainty in the peak frequency, it is unclear

Table 4. Expected template performance using the PCA methodology.% is the match
given by a frequency-domain template composed of the mean and a single principal
component, evaluated for magnitude and phase separately. Efpeak and ER1.6

stat are the
expected statistical uncertainties in the peak frequency and NS radius, respectively.
ER1.6 is the combined systematic and statistical error in the NS radius, assuming the
systematic errors given in table 1.

Instrument % Efpeak (Hz) ER1.6
stat (m) ER1.6 (m)

aLIGO 0.930.91
0.96 135.798.6

184.9 363.4235.2
476.2 429.1507.9

317.0

A+ 0.930.89
0.96 136.498.6

180.8 359.7227.5
496.6 425.5313.0

526.6

LV 0.930.90
0.96 139.096.7

184.6 375.3228.9
478.5 420.9509.5

318.2

CE 0.910.93
0.96 138.198.6

188.3 363.9234.7
483.5 424.9514.1

319.8

ET-D 0.940.92
0.97 138.8105.3

185.3 401.8230.6
506.7 443.1536.1

318.1
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NS-NS Follow-Ups

13

[Clark+, CQG 33, 085003 (2016)]

Now-2020
2020+

2027-28
2035+
2035+

Year

Use input from models: Fourier-domain principal component analysis 
model for 50 NS-NS waveforms takes from high-dimensional (and costly) 
parameter space to dominant waveform features.

percentiles, computed over the matches for different waveforms, are summarised in figure 13
and listed explicitly in table 4. We find that the PCA templates yield a match of ∼0.93 across
all of the instruments considered. Variations in the match arise from differences in the shapes
of the noise curve, i.e., the denominator in equation (5); in the kHz regime, where sensitivity
is limited by photon shot-noise, the noise curves mostly only differ in their overall amplitude
scale and we do not expect significant variations in match quality.

4.2. Implications for parameter estimation

Given this approximate waveform template it is useful to determine its effectiveness in
parameter estimation and, ultimately, the extraction of astrophysics. Recall from section 2
that the single most robust feature of the GW spectrum for these signals is the presence of a
dominant spectral peak due to excitation of the post-merger remnant’s quadrupolar f-mode
oscillation. Recall also that the peak frequency of this excitation in systems with total binary
masses of 2.7 :M correlates strongly with the radius R1.6 of a fiducial nonspinning :M1.6 NS
across a wide variety of equations of state. Our goal then, is to determine how accurately we
might expect to measure fpeak using our PCA-based waveform model. In this section, we
review the PCA waveform template and derive preliminary estimates for the accuracy with
which we may measure fpeak and hence R1.6 given current and planned GW observatories.

The aligned magnitude spectrum at frequency f of our waveform model is given by

Ca � a �A f A f fv , 121 1( ) ⟨ ( )⟩ ( ) ( )
where the spectrum is aligned such that the dominant peak lies at frequency falign, aA f⟨ ( )⟩ is
the mean magnitude spectrum of the catalogue, fv1( ) is the first principal component and C1 is
the coefficient of an arbitrary waveform’s projection onto fv1( ). The final magnitude
spectrum is given by interpolating the aligned spectrum aA f( ) to a set of new frequencies
a �f

f

f
peak

align
:

a l l qA f A f f
f

f
f: 13peak

align

( ) ( ) ( )

and an identical procedure is applied to the phase spectrum G f( ). In this prescription then, the
peak frequency fpeak is a direct parameter of the model.

We adopt a fidicial detection threshold which demands that a signal is observed with
SNR .5. At low SNRs, and given the large uncertainty in the peak frequency, it is unclear

Table 4. Expected template performance using the PCA methodology.% is the match
given by a frequency-domain template composed of the mean and a single principal
component, evaluated for magnitude and phase separately. Efpeak and ER1.6

stat are the
expected statistical uncertainties in the peak frequency and NS radius, respectively.
ER1.6 is the combined systematic and statistical error in the NS radius, assuming the
systematic errors given in table 1.

Instrument % Efpeak (Hz) ER1.6
stat (m) ER1.6 (m)

aLIGO 0.930.91
0.96 135.798.6

184.9 363.4235.2
476.2 429.1507.9

317.0

A+ 0.930.89
0.96 136.498.6

180.8 359.7227.5
496.6 425.5313.0

526.6

LV 0.930.90
0.96 139.096.7

184.6 375.3228.9
478.5 420.9509.5

318.2

CE 0.910.93
0.96 138.198.6

188.3 363.9234.7
483.5 424.9514.1

319.8

ET-D 0.940.92
0.97 138.8105.3

185.3 401.8230.6
506.7 443.1536.1

318.1
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Overview
NS transients do not have an analytic/numerical mapping 
between physical parameters and strain 

Solid GW search plan in place wherein inference is still possible:

Reconstructions without templates

Identification of robust GW signal features

Interplay with NS models (NR, but not only)

Promising scenarios to constrain the NS equation of state
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