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X-ray observations of spin-powered pulsars (PSRs) provide valuable diagnostics of emission mechanisms and acceleration processes operating in pulsar magnetospheres and winds. We present the results from ACIS observations of several
radio pulsars that belong to different categories of the diverse pulsar population. These include the 5-Myr-old "nulling" pulsar B1133+16, 200-kyr-old PSR J1825-1446, 20-kyr-old PSR B1800-21 with a pulsar-wind nebula (PWN), the
famous 1-Gyr-old PSR B1257+12 with a planetary system, and a few others. The pulsars exhibit different X-ray spectral slopes suggesting that the contribution of polar cap thermal emission may become more important as pulsar ages.
Although the pulsar X-ray luminosities generally correlate with the spin-down power Edot, a strong scatter in the LX vs. Edot dependence suggests that other factors (e.g., the magnetic field geometry and orientation of magnetic and spin
axes) are equally important. A compact 10''-size PWN around PSR B1800-21 shows a bow-shock-like morphology reminiscent of those found for several other PWNe. To provide a more complete picture, we compare our results with those
from other Chandra observations of spin-powered pulsars.

1. Vela-like Pulsar: B1800-21
■ B1800-21 parameters:
■ Vela pulsar parameters:
Period = 133.6 ms
Period = 89.3 ms
Edot = 2.2 × 1036 erg/s cf.
Edot = 6.9 × 1036 erg/s
Age = 16 kyrs
Age = 11 kyrs
DM distance = 3.9 kpc
Distance = 350±20 pc

Adaptively smoothed image

2. Middle-Aged Pulsar: J1825-1446

Original ACIS-S3 image

■ The PWN spectrum fits well with a power-law (PL)
model (Γ≈1.5). Similar to the Vela PWN, the PWN around
B18200-21 is underluminous : LX,PWN ≈ 8.5 × 10-5 Edot (in
0.3-8 keV)

ACIS Exposure: 30 ks
PSR: 17 cts
■ PL fit:
nH,22= 1.1
Γ = 3.0 ±0.3
LX ≈ 1.2 × 1032 erg/s (0.3-8 keV)
C / dof = 5.0 / 3

■ B1800-21 PWN morphology is different from that of the
Vela PWN (see figs.). Possibly, B1800 is moving faster
than Vela pulsar => PWN is more compact and elongated.
The bow shock stand-off distance of 1’’ corresponds to
~0.02 pc (@ d=3.9 kpc) => vp ≈ (Edot / 4πcρr2) ≈ 280
km/s. This is a factor of 4 faster then Vela pulsar.
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■ BB fit:
nH,22= 1.1
kT = 0.64 ±0.07 keV, R=40 ± 8 m
Lbol ≈ 9 × 1030 erg/s (bolometric)
C / dof = 6.1 / 3

Shown for
comparison

■ The pulsar spectrum does not fit well with PL or blackbody (BB) models unless one assumes that nH is much
lower than that obtained from the PL fit to the PWN
spectrum. Possibly, PSR spectrum has both thermal and
non-thermal components (similar to the Vela PSR). In this
case a good fit can be obtained with the PL+BB model;
however, the fit parameters have large uncertainties due
to the small number of counts. It is possible that the nonthermal component comes from the unresolved PWN close
to the pulsar.
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Better fit with two-component model:

ACIS Exposure: 30.23 ks
PSR: 48 cts
PWN: 117 cts

P-Pdot diagram showing pulsars observed by Chandra

■ PL+BB fit:
nH,22= 1.1
Γ = 1.3 ±0.8
LX ≈ 3 × 1031 erg/s (0.3-8 keV)
kT = 70 eV, R=13 km
Lbol ≈ 1.3 × 1032 erg/s (bolometric)
C/ dof = 0.46 / 3
Two-component fit gives reasonable parameters (cf. B0656+14, Geminga), however more counts
are needed to be sure.

3. Recycled Planetary Pulsar: B1257+12
■ Radio data
Period = 6.2 ms
Edot = 1.9 × 1034 erg/s
Age = 0.86 Gyr
DM distance = 770 pc

ACIS Exposure: 20 ks
PSR: 19 cts

■ Very underluminous pulsar !
For PL fit:
LX ≈ 5.6 × 1029 erg/s (0.3-8.0
keV, @ d=770 pc), which is only
~ 3 × 10-5 Edot

PL fit

If thermal, the radiation is not
expected to be strongly beamed
=>low X-ray efficiency can be
due to an intrinsic X-ray
absorber (e.g., interplanetary
dust )

BB fit

Comparison with other radio pulsars observed in X-rays:

B0833-45

Crab

4. Old Pulsar: B1133+16

Vela
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■ P-Pdot diagram showing old pulsars (τ > 1
Myr) observed in X-rays with Chandra and
XMM. The hatched area represents plausible
locations of the death line for the curvature
radiation induced cascade.
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LX-Edot diagram for pulsars observed with Chandra ACIS. The best-fit
correlation and the four new X-ray pulsars (numbered) are shown. The
plot is based on our own analysis of ACIS data.

ACIS Exposure: 18 ks
PSR: 33 cts
PWNe observed
by Chandra

LX-Edot plot for old pulsars.

The observed X-ray emission can come from hot PC (thermal) or magnetosphere (if nonthermal). Similar to B0950+08 (Zavlin & Pavlov 2005), where more counts are available for
spectral analysis, both thermal and non-thermal components may be present in B1133+16
spectrum.
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