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Abstract—A comparative analysis of various parameters of pulsars with short (P < 0.1 s) and long
(P > 0.1 s) periods is carried out. There is no correlation between the radio and gamma-ray luminosities of
the pulsars and their surface magnetic fields, but there is a correlation between the X-ray luminosity and the
surface magnetic field. A dependence of the X-ray and gamma-ray luminosities on the magnetic field at the
light cylinder is also found. This result provides evidence for the formation of hard, non-thermal emission
at the periphery of the magnetosphere. An appreciable positive correlation between the luminosity and the
rate of rotational energy loss by the neutron star is observed, supporting the idea that all radio pulsars have
the same basic source of energy. The efficiency of the transformation of rotational energy into radiation
is significantly higher in long-period pulsars. The dependence of the pulse width on the pulsar period is
steeper for pulsars with short periods than for those with long periods. The results obtained support earlier
assertions that there are differences in the processes generating the emission in pulsars with P < 0.1 s and
those with P > 0.1 s.
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1. INTRODUCTION

The principal-components method and modern
observational data were used in [1] to confirm based
on a larger sample the conclusion of [2] that two
clusters of radio pulsars can be distinguished in phase
spaces constructed for various parameters of the pul-
sars from the catalog [3]. The method applied is a
formal mathematical procedure, but can be used to
identify inhomogeneity of the studied objects in the
spaces of the principal components. The observed
differences between pulsars with periods of P < 0.1 s
and P ∼ 1 s had already been noted earlier (see, e.g.,
[4, Chapter IV]).

The additional observational material that has
been accumulated can be used to analyze the indi-
cated differences between the two groups of pulsars
in detail. This is the subject of the current study.

More than 2300 radio pulsars are currently known
[3]. We selected for our analysis characteristics from
the catalog [3] related to physical descriptions of
the pulsars (their periods, period derivatives, profile
widths, radio luminosities, rate of rotational energy
loss, surface magnetic fields, and magnetic fields
at the light cylinders). We also used the estimated
X-ray and gamma-ray luminosities of [5, 6]. More
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than 100 pulsars have been detected in these hard
energy bands. As in [1], we excluded pulsars in binary
systems, as well as those located in globular clusters,
since their observed characteristics could be distorted
by the influence of nearby companions.

2. RESULTS

Figure 1 presents the distibution of the period
derivatives of the pulsars, and Fig. 2 the distribution
of their periods. These two distributions display an
obvious bimodality, indicating that pulsars with peri-
ods less than tens of milliseconds will never become
“normal,” since this would require a time exceeding
the age of the Universe for period derivatives of order
10−19. For example, for a pulsar with P = 10 ms and
dP/dt = 10−19, the time required to acquire a period
of 1 s is 300 billion years.

This again emphasizes that objects located in the
lower left corner of the dP/dt − P diagram (Fig. 3)
represent a separate group of pulsars. It turns out that
the radio luminosities of the pulsars Lr do not depend
on the surface magnetic fields Bs for both groups. The
straight lines obtained from formal least-squares fits
to the data are given by the equations

log Lr = (0.200 ± 0.147) log Bs (1)

+ (26.073 ± 1.815)
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Fig. 1. Distribution of the period derivatives of the radio pulsars.

(0.1014 ≤ P ≤ 8.5098 s),

log Lr = (−0.040 ± 0.551) log Bs (2)

+ (29.409 ± 4.975)
(0.0016 ≤ P ≤ 0.0598 s).

The correlation coefficients for the relations (1)
and (2) are equal to K = 0.112 and −0.028, respec-
tively, consistent with a random distribution with
probability p � 0.9. This result can be explained by
the fact that the main radiation mechanism in long-
period pulsars is believed to be curvature radiation.
In this case, the radiated power depends only on the
structure of the magnetic field (its radius of curva-
ture), and not on the field strength:

pcr =
2e2cγ4

3ρ2
, (3)

where pcr is the radiated power, e the electron charge,
c the speed of light, γ the Lorentz factor of the ra-
diating electrons, and ρ the radius of curvature of
the external magnetic field. The radiation of short-
period pulsars is generated at large distances from the
surface of the neutron star (near the light cylinder),
so that it should not depend on the parameters at the
surface, regardless of the radiation mechanism.

Here and below, we consider the “luminosities”
S400d

2 in mJy kpc2 from [3] recalculated into radio
luminosities Lr in erg/s using the formulas obtained
in [7]; S400 is the flux density at 400 MHz and d the
distance to the pulsar.

Figure 4 presents the dependence of the X-ray
luminosity on the surface magnetic field. The corre-
sponding relations can be written

log Lx = (0.857 ± 0.261) log Bs (4)

+ (23.101 ± 2.790),
K = 0.769

(0.0016 ≤ P ≤ 0.0914 s),

log Lx = (1.936 ± 1.024) log Bs (5)

+ (6.951 ± 13.274),
K = 0.606

(0.1014 ≤ P ≤ 5.5404 s).

Figure 4 and relations (4), (5) show that there is a
correlation between log Lx and Bs. This can be ex-
plained by the contribution of thermal X-ray emission
from the neutron-star surface, whose heating could
be related to the magnetic field, since the thermal
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conductivity depends on the magnetic field. This pro-
cess must be investigated in more detail separately.
We did not find a significant correlation between the
gamma-ray luminosity and the surface magnetic field
for either group of pulsars. Figures 5–7 show the
dependences of the radio, X-ray, and gamma-ray lu-
minosities on the magnetic field at the light cylinder.
The radio luminosities of the pulsars with P > 0.1 s
do not depend on this magnetic for the same reason
they do not depend on Bs, while a dependence is
observed for the short-period pulsars:

log Lr = (0.296 ± 0.082) log Blc (6)

+ (28.100 ± 0.138),
K = 0.287

(0.1014 ≤ P ≤ 8.5098 s),

log Lr = (0.345 ± 0.266) log Blc (7)

+ (27.749 ± 1.024),
K = 0.442

(0.0016 ≤ P ≤ 0.0649 s).

The fitted dependences of the X-ray and gamma-
ray luminosities on Blc are

log Lx = (2.079 ± 1.088) log Blc (8)

+ (21.784 ± 5.443),
K = 0.573

(0.0016 ≤ P ≤ 0.0914 s),

log Lx = (1.393 ± 0.643) log Blc (9)

+ (27.395 ± 2.238),
K = 0.658

(0.1014 ≤ P ≤ 5.5403 s),

log Lγ = (0.488 ± 0.636) log Blc (10)

+ (31.745 ± 3.023),
K = 0.235

(0.0016 ≤ P ≤ 0.0988 s),

log Lγ = (0.808 ± 0.527) log Blc (11)

+ (31.698 ± 1.974),
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K = 0.510
(0.1024 ≤ P ≤ 0.4137 s).

These dependences apparently testify to the gener-
ation of emission in these wavebands near the light
cylinder; the large dispersion could be due to the
range of inclinations of the magnetic moments to
the rotational axes of the neutron stars, giving rise
to magnetospheres of different extents in different
pulsars (see, e.g., [8]). An L(Blc) is expected, since
appreciable pitch angles ψ can appear for the elec-
trons radiating near the light cylinder [9], so that
the synchrotron mechanism, for which the radiated
power grows with the magnetic field, becomes domi-
nant [10]:

Pcr =
2e4B2 sin2 ψ

3m2c3
γ2. (12)

It is of interest to investigate how the luminosity is
related to the rate of rotational energy loss:

dE

dt
=

4πI
dP

dt
P 3

. (13)

Figures 8–10 show that significant correlations
between the luminosity and dE/dt, supporting the
usual assumption that rotational energy is the basic
source of energy for the observed radiation of radio
pulsars in all wavebands. Moreover, it follows from
these figures that the basic source of energy is the
same for pulsars with long and short periods.

The fitted L(dE/dt) dependences in the three
wavebands are

log Lr = (0.948 ± 0.220) log(dE/dt) (14)

ASTRONOMY REPORTS Vol. 58 No. 10 2014
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Fig. 6. Dependence of the X-ray luminosity on the magnetic field at the light cylinder for 33 pulsars with P < 0.1 s (upper)
and 28 pulsars with P > 0.1 s (lower).

− (2.850 ± 7.287),
K = 0.573

(0.0016 ≤ P ≤ 0.0649 s),

log Lr = (0.220 ± 0.058) log(dE/dt) (15)

+ (21.439 ± 1.876),
K = 0.300

(0.1014 ≤ P ≤ 8.5098 s),

log Lx = (1.146 ± 0.194) log(dE/dt) (16)

− (8.577 ± 6.898),
K = 0.838

(0.0016 ≤ P ≤ 5.5404 s),

log Lγ = (0.657 ± 0.134) log(dE/dt) (17)

+ (11.051 ± 4.727),
K = 0.728

(0.0016 ≤ P ≤ 0.4137 s).

Figures 11–13 present the dependences of the
efficiency of the transformation of rotational energy
into radiation in the various wavebands on the pulsar
period:

η =
L

dE/dt
. (18)

Note that the gamma-ray luminosities taken from
[6] were calculated assuming isotropic emission. For
some objects, the derived efficiency of transforming
dE/dt into Lγ exceeded unity [6, Fig. 9]. This
could mean that it is necessary to take into ac-
count the directivity of the gamma-ray emission,
or to revise the estimated distance to the source.
Since it is not currently possible to analyze these
factors, we excluded pulsars for which Lγ > dE/dt
when constructing the dependences of the energy-
transformation efficiency on the period. The energy-
transformation efficiency was essentially independent
on the period in pulsars with short periods. In
contrast, the energy-transformation efficiency for all
three wavebands grows with increasing period in
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long-period pulsars:

log ηr = (0.0247 ± 0.487) log P (19)

− (4.510 ± 1.001),
K = 0.019

(31 objects with 0.0015 ≤ P ≤ 0.0649 s),

log ηr = (2.065 ± 0.279) log P (20)

− (3.352 ± 0.098),
K = 0.524

(0.1014 ≤ P ≤ 8.5098 s),

log ηx = (0.245 ± 0.600) log P (21)

− (3.132 ± 1.220),
K = 0.147

(33 objects with 0.0016 ≤ P ≤ 0.0914 s),

log ηx = (1.041 ± 1.233) log P (22)

− (2.538 ± 0.8589),
K = 0.322

(0.1014 ≤ P ≤ 5.5404 s),

log ηγ = (0.142 ± 0.987) log P (23)

+ (0.984 ± 2.52),
K = 0.086

(15 objects with 0.0016 ≤ P ≤ 0.0058 s),

log ηγ = (0.588 ± 1.033) log P (24)

+ (0.795 ± 1.065),
K = 0.233.

To explain this difference, we must consider for-
mula (3). As was shown in [7], the radio luminosities

ASTRONOMY REPORTS Vol. 58 No. 10 2014
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of short-period pulsars do not depend on the pulsar
period, while Lr decreases approximately inversely
proportional to P for long-period pulsars. Therefore,
the ratio of Lr to dE/dt in these objects should grow

as P 3, assuming a magneto-dipolar model
(
P

dP

dt
=

const
)

. In order for η to be independent of P in

short-period pulsars, dP/dt should be proportional to
P 3. This dependence can be traced for objects in the
lower-left corner of the dP/dt − P diagram (Fig. 3),
and could be provided by a regime that is close to the
propeller regime [11], for which dP/dt ∝ P 7/3.

We also emphasize that the mean energy-trans-
formation efficiency in the radio is approximately an
order of magnitude higher for long-period than for
short-period pulsars (〈log η〉 = −3.5 and −4.5, re-
spectively).

The dependence of the width of the observed
pulses on the period is important for our understand-
ing of the radiation mechanism. Corresponding plots
are shown in Fig. 14 for both groups of pulsars.
As expected, the tangent of the inclination in the
dependence log W10(log P ) is equal to 0.5 for the
main group of pulsars. For a dipolar field, the angular
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width of the radiation cone is approximately equal to

θ =
(

2πr

cP

)1/2

, (25)

where r is the distance from the center of the neutron
star. The width measured in units of time (W10 is
given in milliseconds in Fig. 14) is equal to θP and

is proportional to P 1/2. The radiation of pulsars
with short periods is generated near the light cylinder,
where relativistic effects become appreciable. In this
case, it is predicted that the profile width (in units of

time) should be proportional to the period [12]:

W =
AP

2π
(1 − β2)3/2, (26)

where β = r/rlc, A2 = 21/(2+α) − 1 and α is the
spectral index of the pulsar radiation.

The corresponding equations for W10(P ) have the
form

log W10 = (0.960 ± 0.196) log P (27)

+ (2.203 ± 0.396),
K = 0.764 for 69 objects with

0.0016 ≤ P ≤ 0.0962 s,

ASTRONOMY REPORTS Vol. 58 No. 10 2014
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log W10 = (0.638 ± 0.056) log P (28)

+ (1.666 ± 0.021),
K = 0.607 for 854 objects with

0.1014 ≤ P ≤ 8.5098 s.

3. CONCLUSIONS

1. We have carried out a comparative analysis
of the dependences between various parameters (lu-
minosities in various wavebands, the magnetic fields
at the surface of the neutron star and near the light
cylinder, the efficiency of the transformation of ro-
tational energy into radiation, the pulse width) for
two groups of pulsars, with periods P < 0.1 s and
P > 0.1 s.

2. We have obtained linear least-squares fits to the
various dependences plotted on logarithmic scales.

3. The radio and gamma-ray luminosities are
not correlated with the surface magnetic fields of the
neutron stars.

4. The X-ray luminosity is correlated with the
surface magnetic field. This correlation is probably
related to heating of the surface by inwardly directed
positron flows.

5. The derived dependence of the X-ray and
gamma-ray luminosities on the magnetic field at the
light cylinder provides evidence for the generation
of non-thermal radiation in these wavebands at the
periphery of the magnetosphere by the synchrotron
mechanism.
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6. The luminosities in the various wavebands
are significantly correlated with the rate of rotational
energy loss.

7. The efficiency of the transformation of rotational
energy into radiation does not depend on the period in
pulsars with P < 0.1 s, and increases with increasing
period in long-period pulsars.

8. The energy-transformation efficiency in the
radio is an order of magnitude higher in long-period
than in short-period pulsars.

9. The energy-transformation efficiency increases
appreciably in the X-ray and gamma-ray.

10. The pulse widths of short-period pulsars in-
crease more rapidly with period than those of pulsars
with P > 0.1 s.

The division of pulsars in the space of their prin-
cipal components into two clusters characterizing
short- and long-period objects found in [1] has been
confirmed by a detailed investigation of observed and
calculated parameters for two groups of pulsars, with
P < 0.1 s and P > 0.1 s. The radio emission of long-
period pulsars is generated at distances substantially
smaller than the radius of the light cylinder. Here,
the main role is played by curvature radiation, which
depends on the structure of the magnetic field, but
not its strength. Therefore, we did not expect to find
a dependence of the radio luminosity on the surface
magnetic field. This group does display a correlation
between the X-ray luminosity and Bs, apparently as-
sociated with thermal emission from the surface. The
significant correlation between the gamma-ray lumi-
nosity and Blc (in the absence of a correlation with
Bs) provides evidence that this part of the spectrum
is generated at the periphery of the magnetosphere
(possibly in the outer gap, where the charge density is
zero). In short-period pulsars, the energy is generated
close to the light cylinder [4, Chapter IV, Section 6],
making natural the absence of correlations between
their luminosities and Bs and the presence of such
correlations with Blc.

Comparisons of a number of other parameters
that are important for studies of pulsars (polarization,
geometrical, and temporal) will be carried out in a
separate study.
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