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Neutron star radius is not directly measured in pulsars, X-ray binaries or 
gravitational waves, but is dependent on the matter Equation of State
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LIGO-Virgo result for gravitational wave event GW170817



Assumptions in fitting tidal parameters

● Event is an astrophysical gravitational wave event

● Event is two neutron stars

● Event occurs exactly at the location of optical counterpart 

● Both spins are low, consistent with observed galactic binaries

● Both neutron stars have the same equation of state

● GW detector noise is Gaussian, de-glitching of L1 is successful

● PhenomPNRT waveform model is accurate in inspiral phase



Gravitational wave detectors (this one in Italy)

Image Credit:The Virgo
Collaboration



Notable gravitational wave events (so far)

• GW150914 Binary Black Hole (BBH)
• GW170817 Binary Neutron Star  (BNS)

Image Credit: 
NASA/Dana Berry



Multi-messenger astronomy, 3,677 authors...



GW and EM observations of GW170817 
(no neutrinos or cosmic rays seen)

Fig 2, ApJL848, (2017) L12



GW170817 timeline

● 12∶41:04 GstLAL automatic alert of single trigger in H1
● 12∶41:06 onboard GRB trigger on GBM
● +~15 mins Rapid Response Team meets
● +~40 mins GCN sent of H1 trigger
● +~90 mins PyCBC live run on HLV with gated glitch
● +~5 hours, GCN with HLV BAYESTAR skymap
● +~12.5 hours, first optical counterpart from Swope 

Telescope

“But, as critics have pointed out correctly, the LIGO alert for 
this event came 40 minutes after NASA’s gamma-ray alert. For 
this reason, the event cannot be used as an independent 
confirmation of LIGO’s detection capacity.” 
–Hossenfelder, 4 Sep 2019



GW170817 sky location

Fig 1, ApJL848, (2017) L12



Data cleaning GW170817

Image Credits: Caltech/MIT/LIGO Lab
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• At leading order, orbit is Keplerian

• Expand around Keplerian result in powers of v/c

• At power (v/c)10 finite-size terms appear (parameterised by Λ)

• Point particle terms not known at (v/c)10

• Account for ignorance by fitting to numerical simulations
(PhenomPNRT)

• Not used in detection (only in parameter estimation)



• Two models used in the LVC paper to relate tidal terms to radii and EoS

1) EoS insensitive relations (Yagi+Yunes (2015))
employ approximate relation between mass ratio and tidal terms
tune to large set of EoS models
marginalise over model errors
employ fit of tidal terms to NS compactness to obtain radii

2) Parameterisation of EoS (Lindblom+Indik (2012))
parameterise EoS adiabatic index as polynomial in pressure
sample in the coefficients of this parameterisation
choose prior ranges consistent with range of EoS models
employ TOV to obtain radii



Fig 1, LVC, PRL121, (2018) 161101

Tidal deformability parameters (what is actually measured)





Figure 1, Capano et al. 1908.10352 



• Dependence on astrophysical priors

Figure 2, LVC, LRR 21:3 (2018)



Image Credit: Jennifer Johnson



• Obtaining an EM counterpart depends on beaming angle (for GRB) or 
sky location and distance (for kilonova)

• R-process nucleosynthesis contributions depend on BNS rates

• GW observation of tidal disruption, merger, oscillations of short-lived
hypermassive neutron star (lots of hadronic/QCD physics) currently
beyond frequency sensitivity of detectors (~5kHz)

• GW observations of single, spinning deformed NS also possible –
reasonable rates unknown – depends possibily on crust stiffness



Thank you
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