
Neutron star radius-to-mass ratio from 
accretion disc occultation

RICCARDO LA PLACA
WITH LUIGI STELLA AND MANY OTHERS
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● M ~ 1-2 MSun
● R ~ 15 km ~ 7 GM/c2
● B ~ 1012-1015 G
● Prot ~ 10-3-30 s
● ϱcore ≳ 1014 g/cm3

Outer crust: nuclei + e–
Inner crust: nuclei + n + e–
Core: n + p + µ + e– (maybe)
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We can derive tight constraints on the equation of state (EoS) through observations of 
NSs by measuring M and R with precision better than ~5% (currently ~9%)



[Chiang et al., 2016]

Serpens X-1
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[Hynes, 2010]
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[Fabian et al., 2000]



Gravitational light bending 30
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[adapted from Beckwith & Done, 2004]



Occultation

(Drawing not in scale)
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To the observer 
at infinity
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[Ludlam et al., 2017]

4U 1636-53: a good candidate

Inclination consistently reported to be high

Inner disc radius close to/reaching the ISCO

X-ray flux usually around 120 mCrab

Broad iron Kα line, with ~0.19keV EW

[Pandel et al, 2008; Cackett et al, 2010;  Sanna et al, 2013; 
Lyu et al, 2014; Ludlam et al, 2017]
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[Ludlam et al., 2017]

4U 1636-53: a good candidate

Inclination consistently reported to be high

Inner disc radius close to/reaching the ISCO

X-ray flux usually around 120 mCrab

Broad iron Kα line, with ~0.19keV EW

[Pandel et al, 2008; Cackett et al, 2010;  Sanna et al, 2013; 
Lyu et al, 2014; Ludlam et al, 2017]

Yet unfortunately we lack the necessary S/N ratio  
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eXTP: coming to your favourite orbit in 2025 2028
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eXTP: coming to your favourite orbit in 2025 2028
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One order of 
magnitude larger 

than any current 
instrument!
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In all cases the 90% error bars on the NS radius are below 5% of the best-fit value (in 
most of them even below 3.5%), providing the precision required to constrain the EoS
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Summary
•We have developed a new subroutine to fit relativistically broadened lines from 
accretion disks accounting for the occultation by a central body: this occultation 
imprints a signature on the line profiles which should be visible for high enough 
inclinations and close disks.

•Current instrumentation simply does not provide the necessary signal-to-noise ratio to  
detect occultation features. However, with near-future telescopes measuring the R/rg
ratio should be possible within ~1÷5% precision, which is the one required to put tight 
constraints on the EoS of NS matter together with other X-ray techniques: this opens a 
new window in the physics of ultradense, cold matter. 

•Although we assume the metric to be described by the Schwarzschild case and the star 
to be spherical, the accuracy and precision of the model still holds for reasonably 
rotating, oblate NS.
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