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Fig. 2. Mass-radius trajectories for typical EOSs (see [6] for notation) are shown as black curves. Green curves (SQM1, SQM3) are self-bound quark

stars. Orange lines are contours of radiation radius, R∞ =R/

√
1 − 2GM/Rc2. The dark blue region is excluded by the GR constraint R > 2GM/c2,

the light blue region is excluded by the finite pressure constraint R > (9/4)GM/c2, and the green region is excluded by causality, R > 2.9GM/c2.
The light green region shows the region R > Rmax excluded by the 716 Hz pulsar J1748-2446ad [22] using Eq. (12). The upper red dashed curve is
the corresponding rotational limit for the 1122 Hz X-ray source XTE J1739-285 [23]; the lower blue dashed curve is the rogorous causal limit using
the coefficient 0.74 ms in Eq. (12).

3. Recent mass measurements and their implications

Several recent observations of neutron stars have direct bearing on the determination of the maximum mass. The
most accurately measured masses are from timing observations of the radio binary pulsars. As shown in Fig. 3, which is
compilation of the measured neutron star masses as of November 2006, observations include pulsars orbiting another
neutron star, a white dwarf or a main-sequence star. The compact nature of several binary pulsars permits detection of
relativistic effects, such as Shapiro delay or orbit shrinkage due to gravitational radiation reaction, which constrains
the inclination angle and allows the measurement of each mass in the binary. A sufficiently well-observed system can
have masses determined to impressive accuracy. The textbook case is the binary pulsar PSR 1913 + 16, in which the
masses are 1.3867 ± 0.0002 and 1.4414 ± 0.0002 M#, respectively [40].

One significant development concerns mass determinations in binaries with white dwarf companions, which show
a broader range of neutron star masses than binary neutron star pulsars. Perhaps a rather narrow set of evolutionary
circumstances conspire to form double neutron star binaries, leading to a restricted range of neutron star masses [53].
This restriction is likely relaxed for other neutron star binaries. Evidence is accumulating that a few of the white dwarf
binaries may contain neutron stars larger than the canonical 1.4 M# value, including the intriguing case [45] of PSR
J0751 + 1807 in which the estimated mass with 1! error bars is 2.1 ± 0.2 M#. In addition, to 95% confidence, one of
the two pulsars Ter 5 I and J has a reported mass larger than 1.68 M# [43].

Whereas the observed simple mean mass of neutron stars with white dwarf companions exceeds those with neutron
star companions by 0.25 M#, the weighted means of the two groups are virtually the same. The 2.1 M# neutron star,
PSR J0751 + 1807, is about 4! from the canonical value of 1.4 M#. It is furthermore the case that the 2! errors of
all but two systems extend into the range below 1.45 M#, so caution should be exercised before concluding that firm
evidence of large neutron star masses exists. Continued observations, which will reduce the observational errors, are
necessary to clarify this situation.

Masses can also be estimated for another handful of binaries which contain an accreting neutron star emitting X-rays,
as shown in Fig. 3. Some of these systems are characterized by relatively large masses, but the estimated errors are also
large. The system of Vela X-1 is noteworthy because its lower mass limit (1.6–1.7 M#) is at least mildly constrained
by geometry [26].

Raising the limit for the neutron star maximum mass could eliminate entire families of EOSs, especially those in
which substantial softening begins around 2 to 3ns . This could be extremely significant, since exotica (hyperons, Bose
condensates, or quarks) generally reduce the maximum mass appreciably.


