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Orbital Decay of PSR B1913+16 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 



 
 
 
 
 
 
 

Model Dependence of Maximum Mass 
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maximally compact solution has the largest value of Y, which occurs when w0 = 3.034, X c =
0.2404, and Y c = 0.08513. Because X c /Y c = 2.824 for this case, stable configurations satisfy

R ≥ 2.824
GM

c 2 , z =
(

1 − 2GM
Rc 2

)−1/2

− 1 ≤ 0.8512, 8.

where z is the redshift. This limiting redshift is close to the result obtained by Lindblom (17). It
is also clear that the neutron star maximum mass is

M max = Y c
c 4

√
G3ε0

$ 4.09
√

εs

ε0
M %. 9.

This result is similar to that found by Rhoades & Ruffini (18): If the low-density EOS is known
up to ≈2εs , causality limits the neutron star maximum mass to approximately 3 M %.

The maximally compact solution also implies that

εc ≤ 0.02199 ε0Y −2
c $ 50.8 εs (M %/M max)2. 10.

This relation (Figure 4) states that the largest measured neutron star mass, given that it is lower
than the true neutron star maximum mass, must set an upper limit on the central density of any
neutron star (19) and, by extension, that it must also limit the central pressure to values lower than
34.0εs (M %/M max)2.

The scale-free character of the maximally compact solution can be extended to axial symmetry
in general relativity with no additional parameters (16), and the minimum spin period, limited by
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Figure 4
The relation between the maximum mass and the central density predicted by the maximally compact
equation of state (EOS) (Equation 10) is shown by the curve s = 1. Results for different classes of EOSs are
indicated: nonrelativistic (NR) potential or Skyrme-like EOSs (open circles), relativistic (R) field-theoretical
EOSs (diamonds), EOSs containing significant amounts of quarks (triangles), and EOSs with significant
meson condensates or hyperons (squares). The M max − εc relations predicted by causality coupled with the
Tolman VII solution (20) and the EOS p = (ε − ε0)/3 are also indicated. The latter effectively bounds stars
containing quarks. Adapted from Reference 19.
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Gravitational Redshift 
 
 
 

 
 
 
 
 
 
 
 

 

Mass-radius relation & gravitational redshift
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NICER observation of PSR J0740+5620 
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Figure 3. Posterior distributions in the M–Req plane obtained when the same synthetic NICER pulse profile produced by
the stellar model with a single hot spot described in Section 3.1 is analyzed independently using the X-PSI package (left) and
the Illinois-Maryland code (right). Left: The red contours in the M–Req panel indicate the two-dimensional 1�, 2�, and 3�
credible regions, while the pink bands show the 1� ranges of the one-dimensional posterior distributions. The black lines show
the values of M and Req that were assumed in generating the synthetic data set. The dashed-dotted lines in the one-dimensional
plots show the prior and the vertical lines show the parameter values used to generate the synthetic data. Right: The M–Req

panel shows the joint posterior probability distribution, colored by credibility interval; the white contours enclose the 1� and
2� credible regions. The grey histograms show the one-dimensional posterior probability density distributions for Req and M .
The 1� credible region for Req is 12.03+0.42

�0.39, while the 1� credible region for M is 1.40± 0.03. These two independent analyses
produce results that are statistically indistinguishable and consistent with the M and Req values assumed in generating the
synthetic data. The residuals computed by comparing the best-fit pulse profile models with the synthetic pulse-profile data are
acceptable.

2. We assumed a stellar rotational frequency ⌫rot = 173.6 Hz, as seen by a distant, static observer. The shape of
the stellar surface and the e↵ective gravity at the stellar surface as a function of colatitude were again computed
using the AlGendy & Morsink (2014) model.

3. We chose a distance to the neutron star of D = 156.3 pc.

4. We assumed that the inclination of the observer’s sightline relative to the stellar spin axis is ✓obs = 0.733 rad.

5. We used the NSX nonmagnetic, fully ionized hydrogen-atmosphere model (Ho & Lai 2001; Ho & Heinke 2009).

6. We considered a circular, uniform-temperature, primary spot centered at colatitude ✓c1 = 0.6283 rad and azimuth
� = 0 rad, where the zero of azimuth is defined by the plane containing the observer, with an angular radius
�✓1 = 0.01 rad and an e↵ective temperature kTe↵,1 = 0.231139 keV, as measured in the surface comoving frame.

7. We considered a circular, uniform-temperature, secondary spot centered at colatitude ✓c2 = 2.077 rad and
azimuth �2 = 3.5343 rad = 0.5625 cycles, with angular radius �✓2 = 0.33 rad and an e↵ective temperature
kTe↵,2 = 0.0577846 keV, as measured in the surface comoving frame.

8. We included absorption by the ISM, assuming NH = 2 ⇥ 1020 cm�2 and using the elemental abundances given
by Wilms et al. (2000).
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