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1. Introduction

Pulsars provide useful diagnostics of isolated neutron stars, because the
timing information allows many physical parameters to be derived. This
brief review describes some of the X-ray and gamma-ray properties of pul-
sars.

2. Light Curves

As shown in Figure 1, pulsar light curves at high energies are varied in
shape. The preponderance of double pulses with a bridge of emission sug-
gests emission from a cone or surface above a single pole of the neutron star.
Very young pulsars (Crab, PSR B0540-69, PSR B1509-58) and at least
oneold, ms pulsar (PSR 81821-24) show only magnetospheric emission as-
sociated with accelerated charged particles, as indicated by the similarity of
the pulse shape across the entire X-ray and gamma-ray band. Intermediate-
age pulsars (Vela, Geminga, PSR B06-56+14, PSR B1055-52) also reveal
a thermal component in soft X-rays, probably from near the surface of
the star. This component differs in both shape and phase from the higher-
energy, nonthermal radiation.

3. Broadband Energy Spectra

Figure 2 shows the energy spectra of several pulsars across the entire elec-
tromagnetic spectrum. In all cases the observable output is dominated by
the X-ray and gamma-ray emission, indicating the importance of these high-
energy radiations for pulsars. For the youngest and oldest pulsars, repre-
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sented here by the Crab (age about 1000 y) and PSR B1821-24 (age greater
than 107 y), the emission peaks in the hard X-ray band. The intermediate-
age pulsars (Vela has a timing age of about 1 X 104 y; Geminga's age is
about 3 X 105 y) are seen most prominently in the high-energy gamma-ray
range. All spectra have some high-energy cutoff.

4. Trends and Models

The energy spectra of Figure 2, integrated over energy, can be used along
with the distance estimates from radio and optical observations to construct
a broadband luminosity L for these high-energy pulsars. A trend is seen
for L to be linearly proportional to El/2, the spin-down luminosity. This
quantity is also proportional to the open-field-line voltage or the polar cap
current (Harding, 1981). The broadband luminosity trend contrasts with
the trend for X-rays alone, which shows a linear dependence on E (Becker
and Triimper, 1997). As shown by Goldoni and Musso (1996), other possible
phenomenological trends are less convincing.

Both polar-cap and outer-gap models have evolved with the discoveries
of new X-ray and gamma-ray pulsars. Although both types can explain
many observed features, neither appears to offer a complete enough picture
to warrant broad generalizations. For recent summaries, see Daugherty and
Harding (1996) and Romani (1996). Future observations, from operating
telescopes such as ASCA and RXTE, and from future telescopes such as
AXAF, XMM and GLAST, should resolve many of the open questions.
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Figure 1. Light curves of four pulsars at X-ray and gamma-ray energies, updated from
Thompson (1996). New references: Crab: Becker and Aschenbach (1995), Much et ala
(1997), Kanbach (1997); Ve}(~: Harding and Strickman, priv. com., Kuiper et ala (1997);
PSR B1821-24: Saito et ala (1997)
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Figure 2. Energy spectra of four pulsars, updated from Thompson (1996). New ref-
erences: Geminga: Kuzmin and Losovsky (1997), Shitov and Pugachev (1997), Halpern
and Wang (1997), Vela: Harding and Strickman, priv. com., Kuiper et al. (1997); PSR
B1821-24: Saito et al. (1997), Nel et al. (1996)
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