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• The densest objects this side of an event horizon, with a mean density ≈ 1015 g cm−3. Four teaspons contain as

much mass as the Moon.

• The largest surface gravity, about 1014 cm s−2, or 100 billion times Earth’s gravity.

• The fastest spinning macroscopic objects. A pulsar, PSR J1748-2446ad in the globular cluster Terzan 5, has a

spin rate of 714 Hz [1], so that its surface velocity at the equator is about c/4.

• The larges magnetic field strength, of order 1015 G.

• The highest temperature superconductor, with a critical temperature of a few billion K, has been deduced for the

core superfluid neuitrons in the remnant of the Cassiopeia A supernova [2, 3].

• The highest temperatures, outside the Big Bang, exist at birth or in merging neutron stars, about 700 billion K.

• The pulsar PSR B1508+55 has a spatial velocity in excess of 1100 km s−1 [4].

• Neutron stars at birth or in matter from merging neutron stars are the only places in the universe, apart from the

Big Bang, where neutrinos become trapped and must diffuse through high density matter to eventually escape.



Some important milestones concerning discoveries about neutron stars include:

1920 Rutherford predicts existence of the neutron.

1931 Landau anticipates single-nucleus stars (not precisely neutron stars).

1932 Chadwick discovers the neutron.

1934 W. Baade and F. Zwicky [5] suggest that neutron stars are the end product of supernovae.

1939 Oppenheimer and Volkoff [6] find that general relativity predicts a maximum mass for neutron stars.

1964 Hoyle, Narlikar and Wheeler [7] predict that neutron stars rotate rapidly.

1965 Hewish and Okoye [8] discover an intense radio source in the Crab nebulae, later shown to be a neutron star.

1966 Colgate and White [9] perform simulations of core-collapse supernovae resulting in formation of neutron stars.

1967 C. Schisler discovers a dozen pulsing radio sources, including the Crab, using classified military radar. He

revealed his discoveries in 2007. Later in 1967 Hewish, Bell, Pilkington, Scott and Collins [10] discover PSR

1919+21 (Hewish receives 1974 Nobel Prize).

1968 Crab pulsar discovered [11] and pulse period found to be increasing, characteristic of spinning stars but not

binaries or vibrating stars. This also clinched the connection with supernovae. The term ’pulsar’ first appears in

print in the Daily Telgraph.

1969 "Glitches" observed [12], providing evidence for superfluidity in the neutron star crust [13].

1971 Accretion powered X-ray pulsars discovered by the Uhuru satellite [14].

1974 The first binary pulsar, PSR 1913+16, discovered by Hulse and Taylor [15] (Nobel Prize 1993). It’s orbital

decay is the first observation [16] proving existence of gravitational radiation. Lattimer and Schramm [17] suggest

decompressing neutron star matter from merging compact binaries leads to synthesis of r-process elements.

1982 The first millisecond pulsar, PSR B1937+21, discovered by Backer et al. [18]

1996 Discovery of the closest neutron star RX J1856-3754 by Walter et al. [19].

1998 Kouveliotou discovers the first magnetar [20].
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Fig. 2. Mass-radius diagram for neutron stars. Black (green) curves are for normal matter (SQM)
equations of state [for definitions of the labels, see (27)]. Regions excluded by general relativity
(GR), causality, and rotation constraints are indicated. Contours of radiation radii R� are given by
the orange curves. The dashed line labeled �I/I� 0.014 is a radius limit estimated from Vela pulsar
glitches (27 ).











f =
(m2 sin i)
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f, M, mc → f̂ , M̂ , m̂c

P (x|x̂, I) = 1√
2πσ2
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Mu > mu > ml > Ml

Mu ≈ 3M� Ml ≈ 0.1M�



ml

mu

P (ml,mu|I) = 2

(Mu −Ml)2



P (ml,mu|D, I) =
P (D|ml,mu, I)

P (D|I) P (ml,mu|I)

P (D|ml,mu, I) =
∏
n

P (Dn|ml,mu, I)



P (m̂c, M̂ |ml,mu, I) =

∫
P (m̂c, M̂ |mc,M, I)P (mc,M |ml,mu, I)dmcdM

P (mc,M |ml,mu, I) = P (mc,M −mc|ml,mu, I) =
1

(mu −ml)2

P (f̂ , M̂ |ml,mu, I) =

∫
P (f̂ , M̂ |f,M, I)P (f,M |ml,mu, I)dfdM

P (f,M |ml,mu, I) = P (f |M,ml,mu, I)P (M |ml,mu, I)



P (f,M |ml,mu, I) = P (f |M,ml,mu, I)P (M |ml,mu, I)










