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Abstract. We present the results of the first low frequency measurements of the flux densities of a large sample
of millisecond pulsars (MSPs) at 102 and 111 MHz. Combining our observations with data at higher frequencies
borrowed from the literature, we constructed the spectra of 30 MSPs in the 0.1 to 4.8 GHz frequency range. Our
flux density measurements extend the known spectra of MSPs to the lowest frequency to date. The coverage of a
low frequency range allows us to search for low frequency turn-over, which is often observed for normal pulsars.
We find that spectra of MSPs differ from those of normal pulsars, showing no low-frequency turn-over typical of
normal pulsars. We suggest that the geometry of the radio emission region of MSPs differs from that of normal
pulsars: the magnetic field configuration in MSPs’ magnetospheres may deviate from that of a pure dipole and/or
the radio emission region may be radially compressed. Monochromatic luminosities at this low frequency and the
integral luminosity over the 0.1-4.8 GHz frequency range were determined and their dependence on other pulsar

parameters analyzed.
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1. Introduction

Spectra are one of the main pulsar characteristics and are
of great importance to understand the mechanism of pul-
sar radio emission.

Millisecond pulsars (MSPs) are believed to be a spe-
cial population of pulsars, which are distinguished from
“normal” ones by period, period derivative, magnetic field
strength, age and evolutionary history. One may expect
that the radio emission characteristics of MSPs will be
different from those of normal pulsars as well. However,
comparative studies of the radio emission characteristics
between MSPs and normal pulsars have so far shown only
slight differences.

Foster et al. (1991) have obtained the spectra of four
MSPs in the frequency range between 425 and 3000 MHz.
They yield spectral indices between —1.3 to —2.6. They
noted that the mean spectral index of these MSPs is
steeper than the average spectral index of slow period pul-
sars. Lorimer et al. (1995) obtained spectra for 19 MSPs
and also concluded that they are slightly steeper than nor-
mal pulsars.

Kramer et al. (1998) and Xilouris et al. (1998)
presented a collection of flux density measurements of
27 MSPs at 1.4 GHz. Comparing to data borrowed from
literature they concluded that the spectra of normal
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and MSPs show great similarities in the frequency range
between 0.4 and 1.4 GHz. A similar conclusion was
reached by Toscano et al. (1998) for a large sample
of MSPs in the southern hemisphere at frequencies be-
tween 400 and 1600 MHz. Kijak et al. (1997) and Kramer
et al. (1999) extended the known spectra of MSPs to
the highest frequency, 4.8 GHz. The coverage of this
high-frequency band allows them to search for frequency
breaks, often observed for normal pulsars around 1 GHz.
Their results suggest that, unlike the normal pulsars,
MSPs spectra from 0.4 to 4.8 GHz can be largely described
by a single power law, F'(v) o< v®*. They report also that
there is no significant difference in the mean spectral in-
dex a of MSPs and normal pulsars. Kramer et al. (1999)
conclude also that MSPs tend to be slightly less luminous
than normal pulsars.

These studies concentrate mainly on high radio fre-
quencies, while there is a lack of data at lower radio fre-
quencies. Especially interesting is the low-frequency part
of pulsar spectra, which typically shows a low frequency
turn-over (Sieber 1973; Bruk et al. 1978; Kuzmin et al.
1978, Izvekova et al. 1981). Malofeev (2000) reported that
102 slow pulsars among 151 with studied spectral be-
haviour show a low-frequency spectral turn-over.

The frequency of the maximum of the spectra of nor-
mal pulsars, vmax, depends on pulsar period as vpmax =
120 P=935 where v is in MHz and P in sec (Malofeev &
Malov 1980; Malofeev 1996). Therefore, one may expect
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that for MSPs, a low-frequency turn-over should be obvi-
ous: for periods P < 50 ms the frequency of the max-
imum of spectra is expected to be vpmax > 350 MHz.
Consequently, at our frequency ~100 MHz all MSPs
should be in the low-frequency turn-over region.

Erickson & Mahoney (1985) obtained the spectrum of
PSR B1937+421 in continuum radio emission from 10 MHz
to 3 GHz that showed no low-frequency turn-over.

Kuzmin et al. (1990) and Kuzmin & Losovsky (1996)
made the first observations of pulsed emission of MSPs
PSR B1855+09 and PSR J2145-0750 at the low frequency
102 MHz and reported no evidence of a low frequency
turn-over.

Kuzmin & Losovsky (2000a, 2000b) undertook flux
density measurements of 18 MSPs at 102 MHz, which
extends our knowledge of MSPs spectra to the lowest fre-
quency where MSP observations have been performed thus
far. They claimed that spectra of MSPs have no low fre-
quency turn-over.

We have now extended the low frequency observations
to include 30 MSPs and combined our observations with
higher frequency data to study their spectra and lumi-
nosity. We compare our results with a sample of normal
pulsars, searching for similarities and differences in their
spectra and luminosities.

2. Observations

The observations were performed between 1996 and 2000
with the Large Phased Array BSA radio telescope in Push-
chino Radio Astronomy Observatory. Linear polarization
was received. A filter bank of 32 x 5 kHz filters centered
at 102 or 111 MHz was used. The sampling interval was
set between 0.128 and 0.64 ms depending on the pul-
sar period and the dispersion measure. All observations
were time referenced to the Observatory rubidium master
clock, which in turn was monitored against the National
Time Standard via a TV timing signal. Each integrated
profile was formed by the synchronous integration of in-
dividual pulses with the topocentric pulsar period. Each
pulsar observational session was 4/ cosd minutes, where
0 is the declination of the pulsar. This interval is larger
than the diffractive interstellar scintillation time scale of
~ 1 min (Malofeev 2000) Therefore, the effect of diffractive
interstellar scintillation is smoothed during each observ-
ing session. The refractive scintillation time scale ¢, was
estimated by interpolation of Gupta et al. (1993) 74 MHz
data and Stinebring et al. (2000) 610 MHz data. For our
sources, t, differs depending on the DM of pulsars. For
pulsars with small DM such as PSR J1744-1134, it is es-
timated to be about 2 days, while for large DM pulsars
such as PSR J0218+4232, B1620-26 and B2127+11C, it
is estimated to be about 1 year. To reduce the influence
of these scintillations, we averaged several observational
sessions in our four year observational time span.

During off-line data reduction, the signal was cleaned
of radio interference. Data from several sessions were
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Table 1. Observational parameters

PSR P p DM v M N

ms 107%° s/s pccm™® MHz 10?

J0030+0451 4.86 1.0 4.3 111 35 622
J0034-0534  1.87 0.67 13.7 102 460
J0218+4232 2.33 7.5 61.2 102 7 883
111 56 2952
J0613-0200 3.06 1.1 38.8 102 16 1130

J0621+1002 28.85 4 36.6 111 23 70
JO7514-1807 3.47 0.8 30.2 102 8 520
J10124-5307  5.25 1.46 9.0 102 20 136
J1022+1001 16.45 4.2 10.2 102 17 226
J1024-0719 5.16 1.84 6.4 102 8 337
B1257+12  6.21 11.4 10.1 102 21 745
B1310+18 33.16 - 24.0 102 30 202
J1518+4904 40.93 3 11.6 102 20 161
B1534+12  37.90 243 11.6 102 22 128
B1620-26  11.07 79.04 62.8 102 15 327
111 42 474
B1639+36A 10.37 - 30.3 102 41 1054
J1640+2224 3.16 0.29 18.4 111 35 1057
J1713+0747  4.57 0.85 15.9 102 20 948
J1730-2304 8.12 1.9 9.6 102 44 1267
J1744-1134  4.09 0.86 3.1 111 3 508
B18554+09  5.36 1.78 13.3 102 20 814
J1911-1114  3.62 1.34 30.9 102 23 1396
J2019+2425 3.93 0.70 17.2 102 17 1020
J2033+1736 5.94 - 25.2 102 13 494
J2051-0827 4.51 1.3 20.7 111 22 402

B21274+11C 30.52 499 67.1 111 7 19
J2145-0750 16.05 3 9.0 102 21 283
J2229+42643 2.97 0.19 23.0 102 24 1903

J2235+1506 59.76 15.76 18.1 102 7 26

111 17 44
J2317+1439 3.44 0.24 21.9 102 32 2074
J2322+2057 4.80 0.97 134 102 17 818

combined to increase the signal-to-noise ratio and to re-
duce the influence of polarization and scintillation.

Table 1 lists the pulsars with their periods P, period
derivatives P, dispersion measures DM, the observation
frequencies v, the number of added sessions M and the to-
tal number N of integrated individual profiles. The pulsar
ephemerides are those from the catalogue of Taylor et al.
(1995). Pulsars PSR J003040451, J062141002, J1744—
1134, J1911-1114 and J2051-0827 ephemerides were taken
from Somer (2000), Camilo et al. (1996a), Bailes et al.
(1997), Lorimer et al. (1997) and Stappers et al. (1996).
For pulsars PSR J10224-1001, J1024-0719, J1518+4904,
J1911-1114 and J2145-0750 values of P were taken from
Bailes et al. (1997), Lorimer et al. (1997), Sayer et al.
(1997) and Stairs et al. (1999).
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Table 2. Flux density and spectral index

PSR F AF «@ O References
mJy mJy
J0030+0451 380 200 —-2.6 0.3 1
J0034-0534 250 120 -2.3 0.1 2,4,5
J0218+4232 270 150 -2.1 04 3,6
J0613-0200 240 100 -1.8 0.1 3,4,7,8,9
J0621+1002 50 25 -1.9 0.3 3,9,10,11
JO751+1807 70 30 —-1.6 0.2 8,9,11,12
J1012+5307 30 15 -1.7 0.2 3,5,8,9,11,13
J10224+1001 90 40 —14 0.1 38,9,10,11,14
J1024-0719 200 100 —-1.9 0.2 4,8,9,11,15
B1257+12 150 50 -1.8 0.2 8,5,9,16
B1310+18 60 40 -2.8 - 17
J1518+4904 40 20 -1.3 0.1 3,8,9,11
B1534+12 110 60 —1.9 05 8,9,11,18
B1620-26 450 200 —22 0.1  3,8,11,19,20
J1639+36A 70 40 —2.5 - 9,17
B1640+2224 450 200 —2.0 0.1 8,9,11
J1713+0747 250 100 -14 0.1 3,58,9,11,14,21
J1730-2304 310 120 —-1.7 0.1 3,4,7,8
J1744-1134 220 100 —-1.8 0.1 3,4,8,11,15
B1855+09 450 250 —1.6 0.1 5,8,9,11,19,22,
23,24,25
J1911-1114 260 130 —-2.3 0.2 3,4,25
J2019+2425 190 100 -—-1.9 - 9,26
J2033+1736 70 30 —2.6 - 9,27
J2051-0827 250 100 —-1.8 0.2 3,4,8,11,28
B2127+11C 60 40 -3.3 - 9,29
J2145-0750 480 120 —-1.6 0.1 2,3,4,5,89,11,
14,30
J2229+2643 60 30 —-1.8 04 8,9,31
J22354+1506 170 80 —2.9 - 9,31
J2317+1439 90 50 -1.2 0.1 8,9,31
J2322+2057 75 40 —-2.3 - 31

References: 1- Somer (2000), 2 -Bailes et al. (1994), 3 -Stairs
et al. (1999), 4 - Toscano et al. (1998), 5- Shitov (1996),
6- Navaro et al. (1995), 7 - Lorimer et al. (1995), 8 -Kramer
et al. (1998), 9- Malofeev et al. (2000), 10 -Camilo et al.
(1996a), 11- Kramer et al. (1999), 12 -Lundgren et al. (1995),
13 -Nicastro et al. (1995). 14- Kijak et al. (1997), 15 -Bails
et al. (1997), 16 -Wolszczan & Frail (1992), 17- Kulkarni et al.
(1991), 18- Wolszczan (1991), 19 -Foster et al. (1991), 20- Lyne
et al. (1988), 21- Foster et al. (1993), 22-Kuzmin et al. (1990);
23- Siegelstein (1986), 24 -Fomalont et al. (1992), 25 -Lorimer
et al. (1997), 26- Taylor et al. (1995), 27- Ray et al. (1996),
28- Stappers et al. (1996), 29- Anderson et al. (1990),
30- Kuzmin & Losovsky (1996), 31- Camilo et al. (1996b).

3. Flux densities

Measurements of MSP flux densities Fpgr were performed
against discrete sources with known flux densities, which
were compared by their signal-to-noise ratio S/N

Fret % ((S/N)psr/(S/N)ret)
X (AL 2 kRet) [ (AFT) Mo kpsrkrorm)
55 % (S/N)psr/((Af7)penkpsrkrom)-

Fpsr
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Here Fpgr and Fgrer are the flux densities, (S/N)pgr and
(S/N)Ret the signal-to-noise ratios of the measured pul-
sar (at the pulse peak) and the reference source, krer =
sin hrer and kpsr = sin hpgr are the coefficients that ac-
count for the dependence of the antenna effective area
for a height h of the reference source and the pulsar re-
spectively. Af is the receiver bandwidth, 7 is the signal
integration time, kporm is the form factor of the pulsar
profile for converting the pulse peak flux to the pulsar
period-averaged flux and

05 = Fret (S/N)par (A r)gehret

€

is a calibration parameter, which characterizes the radio-
telescope fluctuation sensitivity (in units of flux density).

Since the noise of the receiving system depends on
the Galactic-background brightness temperature T3,, we
present this calibration parameter as

6S = (551000(& + bTb)

Here 0S1900 is the radio telescope fluctuation sensitiv-
ity toward a sky region with a brightness temperature of
1000 K, taken as the standard. Then, the measured pulsar
flux density is

FPSR:5SIOOO(Q+bTb)(S/N)PSR/((AfT)lli’/SszPSRkForm)»

Using 70 discrete sources located in sky regions of different
Galactic-background temperatures, we have calibrated the
radio telescope sensitivity and determined §S1999 = 115+
25 mJy/MHz/s, a = 0.4+ 0.1 and b = 0.0006 £ 0.0001 for
102 MHz and 651000 = 120440 mJy/MHz/s for 111 MHz.
The flux densities of the reference sources were obtained
from the 86 MHz measurements of Artyukh et al. (1968),
converted to our frequencies (102 and 111 MHz.)

These measured §51000, a and b are in good agreement
with theoretical estimates. For the antenna effective area
A ~ 35000sinh m?, antenna—feeder efficiency n ~ 0.7,
antenna stray factor 8 = 0.3 and the receiver noise factor
N = 1.5 we evaluate 651000 ~ 100 mJy/MHz/s, a =~ 0.4
and b =~ 0.0006.

Measured flux densities F' for 30 MSPs are presented
in Col. 2 of Table 2. The errors AF (Col. 3 of Table 2)
were determined as the square root of the sum of the sys-
tematic and random errors squared /(02,4 + 02.,4). We
took the systematic errors to be equal to the error in the
radio-telescope fluctuation sensitivity ogyse = 25 and 40%
for 102 and 111 MHz respectively. The random error was
estimated as a scatter of the results of different observa-
tion sessions. Therefore, it accounts for the scintillation
effect as well.

To verify our technique of measurements by the signal-
to-noise ratio method, we made control measurements by
the same method of the flux densities of normal pul-
sars and compared them to those obtained by a standard
method using a noise generator. A comparison of our mea-
surements for 40 normal pulsars with that obtained using
the noise generator (Izvekova et al. 1981; Malofeev 1993)
shows that they are in a good agreement.
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Recent measurements of the flux density of MSPs by
Malofeev et al. (2000) at 111 MHz are also in good agree-
ment with our MSP flux density values as well as Shitov’s
(1996) MSP data at 103 MHz.

4. Spectra

Based on these flux density measurements and higher fre-
quency data borrowed from the literature, we have con-
structed the spectra of MSPs.

Figures 1 and 2 show the spectra of 30 MSPs con-
structed from our flux density measurements and pub-
lished data. Our data are represented by open circles.

Spectra of MSPs are very different from those of nor-
mal pulsars. In contrast to the expected low-frequency
spectral turn-over at sufficiently high frequencies (Vmax >
300 MHz), our observations do not reveal such an event
even at frequencies as low as 102 MHz. The low-frequency
turn-over appears only in one pulsar, PSR J1012+45307,
with a spectrum maximum near 100 MHz. At the same
time, for the period of this pulsar, P = 5.25 ms, the max-
imum of the spectrum was expected at v =~ 800 MHz,
which is not observed. Formally, spectral turn-over can
also be noted in the pulsar PSR B1534+12. Further flux-
density measurements of this pulsar at high frequencies
are required. For the remaining pulsars, the spectra are
represented by a simple power law F' o< v® and exhibit no
low-frequency spectral turn-over.

Power-low best fit F' o< v® lines are shown for each
object, where « is the spectral index. The values of their
spectral indices « are given in Col. 4 of Table 2. The errors
in the spectral indices o, (Col. 5) are the formal fitting
errors. Column 6 of the table lists references to the other
flux density measurements which we used to construct the
spectra.

For the pulsar PSR J1012+45307, we fitted the spec-
trum by a power law with a quadratic term, log FF =
c + alogr + Blogv?. Table 2 cites the value of the lin-
ear term «. The quadratic term for this pulsar gives
B=-1.040.2.

The mean spectral index for 23 MSPs, for which the
flux density was measured at three or more frequencies,
a = —1.7 £ 0.3, does not differ from & = —1.8 + 0.1
obtained by Kramer et al. (1998) at higher frequencies.
There is no significant difference between the mean spec-
tral indices of millisecond and normal pulsars.

Spectra of 7 out of 30 pulsars in our sample are based
on only two frequencies. The values of their spectral in-
dices need further refinement by measurements in a wider
frequency range. Nevertheless, it is significant that spec-
tra of these pulsars also do not indicate a low frequency
turn-over.

5. Luminosity

One of the main parameters of pulsar radio emission is
the luminosity. However, measurements and comparative
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studies of luminosity of MSPs have not often been per-
formed. They are obtained only at high frequencies and
only the monochromatic luminosity L, = F, d? was deter-
mined, where F, - is the flux density at frequency v (in
mJy) and d - the distance to pulsar (in kpc). Kramer et al.
(1998) determined the monochromatic luminosity of a set
of MSPs at 1.4 GHz. They claimed that the monochro-
matic luminosity of MSPs is about one order of magnitude
less than that of normal pulsars.

The monochromatic luminosity is a convenient param-
eter allowing a comparison of intensities of pulsar radio
emission, but does not characterize the full energy of their
radio emission. The full energy of radio emission, which
one requires to study the mechanism of radio emission, is
determined by an integral luminosity over a wide range of
radio frequencies vy + vy

123
Line = Qd? / F,dv.
V1

Here € is the solid angle of the pulsar radiation beam. For
an axisymmetric beam, Q = 27 (1 — cos(Weg/2)), where
Wegr is the effective pulse width.

The spectra of MSPs can be largely described by a sin-
gle power law F' = Fy(v/1vp)®. Then, Liy = QdQFO(l/llJr”‘f
vy ™) /ug (1 4+ a). For MSPs 1 + a < 0, therefore v, <
viT®. We adopted vy = 1y = 100 MHz. Then

Ling = 2m(1 — cos(Weg/2))d> Forp /(1 + a).

Since 1 mJy = 1072 W/m?/Hz/s = 10722 erg/m?/Hz/s
and 1 kpc = 3.085 10 m, one obtains the integral lu-
minosity in the range of radio frequencies above v =
100 MHz:

Lint = 5.98 102°d? Fy(1 — cos(Weg/2))/(1 + a)(erg/s).

Based on our measurements of flux density and our spec-
tra, we derived both the monochromatic luminosity at
100 MHz Ligp = Fiood? and the integral luminosity Liy
(in >100 MHz frequency range). Results are listed in
Table 3. For PSR J1744-1134, the d value was obtained
from parallax measurements by Toscano et al. (1999).

6. Discussion
6.1. Spectra

A distinctive feature of the spectra of MSPs is the absence
of a low-frequency turn-over or, at least, its considerable
shift towards low frequency, in comparison with the de-
pendence V. = 120P 7936 observed for normal pulsars
(Malofeev & Malov 1980; Malofeev 1996).

We suggest that the absence of a low-frequency turn-
over in spectra of MSPs may be attributed to a difference
between the magnetic-field structures (topologies) of mil-
lisecond and normal pulsars. Kuzmin & Solov’ev (1986b)
showed by model calculation that the pulsar low-frequency
spectral turn-over is caused by purely geometric factors,
namely, by divergence of magnetic field lines.
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Table 3. Luminosity

PSR d log Lioo log Lint
kpc mly kpc®  erg/s
J00304-0451 0.23 1.3 27.1
J0034-0534 0.98 2.4 28.3
J0218+4232 > 5.85 >39 > 30.0
J0613-0200 2.19 3.1 29.2
J0621+1002 1.67 2.1 27.2
JO751+1807 2.02 2.5 28.6
J1012+5307 0.52 0.9 27.0
J10224-1001 0.60 1.5 27.6
J1024-0719 0.35 14 27.5
B1257+12 0.62 1.8 27.7
B1310+18 18.9 4.3 29.7
> 1.8 > 2.3 > 27.6
J151844904 0.70 1.3 27.1
B1534+12 0.68 1.7 27.2
B1620-26 1.8 3.1 28.8
J1639+36A 7.7 3.6 29.3
>927 >27 > 28.4
B1640+2224 1.18 2.8 28.9
J1713+0747 1.10 2.5 28.9
J1730-2304 0.51 1.9 28.1
J1744-1134 0.36 1.5 27.2
B1855+09 0.90 2.6 28.7
J1911-1114 1.6 2.8 28.4
J2019+2425 0.91 2.2 28.4
J2033+1736 1.38 2.1 27.8
J2051-0827 1.28 2.6 28.6
B2127+11C 10.0 3.8 28.9
J2145-0750 0.50 2.1 27.8
J2229+2643 1.43 2.1 28.1
J2235+1506 1.15 2.4 27.7
J2317+1439 1.9 2.5 29.1
J2322+2057 0.78 1.7 27.4

This geometrical interpretation of the nature of the
turn-over can explain also the absence of this feature
in MSPs. The radius of the light cylinder of MSPs is much
smaller than for normal pulsars. This means that an emis-
sion region is located closer to the stellar surface than
in normal pulsars. This may modify the magnetic field
dominating the radio emission region, altering its config-
uration from a pure dipole to a higher order multipole
(Davies et al. 1984; Kuzmin et al. 1986b). Multipole com-
ponents near the stellar surface have been assumed by
Ruderman & Sutherland (1975), Ruderman (1991), Chen
& Ruderman (1993) and Krolic (1999). In a multipole
field, configurations with a small divergence of the cone
of open field lines are possible (see for example Fig. 5
in Kuzmin & Losovsky 1996). This small divergence of
the magnetic field lines may inhibit low-frequency spec-
tral turn-over.

This interpretation is consistent with the weak
frequency dependence of the integrated-profile width
for MSPs, which also suggests a difference in the magnetic-
field structures (topologies) of millisecond and normal pul-
sars (Kuzmin & Losovsky 1999a, 1999b).
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Fig. 3. The luminosity distribution of normal and millisecond
pulsars. The mean values of log L = 2.6 for normal and log L =
2.1 for millisecond pulsars are shown

An alternative or complementary interpretation is that
the emission region is very compact (Kramer et al. 1998).
In this case, the divergence of field lines is also small and
one may expect that there is no low-frequency turn-over.

Another possibility is the conception of two types of
pulsars (Malov 1989), according to which the emission of
short-period pulsars is generated near the light cylinder
and emerges from approximately the same level irrespec-
tive of frequency. In this case, the low-frequency turn-over
can also be less pronounced or absent altogether.

6.2. Luminosity

We note that the luminosities of PSR B1310418 and
PSR B1639+36A, log L1go = 4.3 and 3.6, which are based
on the Taylor et al. (1995) catalog values of distance
d = 18.9 and 7.7 kpc respectively, are more than one order
of magnitude higher that the mean value log Lipo = 2.3.
These distances are based on the suggestion by Kulkarni
et al. (1991) that PSR B1310+18 and PSR B1639+36A
are located in globular clusters M 53 (NGC 5024) and
M 13 (NGC 6205), respectively. But this identification is
based only on a coincidence of their coordinate positions
and may not be reliable. Estimation of their distances
from their dispersion measures, using the Taylor & Cordes
(1993) model, yield d > 1.8 and > 2.7 kpc, corresponding
to luminosities log L1gp > 2.3 and > 2.7 close to the mean
value log L1go = 2.3. In Table 3 we list PSR B1310+18
and PSR B1639+36A for both these values. The distance
and luminosity of these pulsars in globular clusters should
probably be treated as questionable until confirmed.

We suggest also that one needs to refine the Taylor
et al. (1995) catalog values of distancesd > 5.85 kpc
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Fig. 4. Monochromatic (upper picture) and integral (lower pic-
ture) luminosity dependence versus the losses of rotation en-
ergy E. Solid lines represent the regression L o< E®

and d = 10.0 kpc, that lead to high values of luminos-
ity, log L1go > 3.9 and log Ligo9 = 3.8, for the MSPs
PSR J0218+4232 and PSR B2127+11C, respectively.

The luminosity distribution of normal and millisecond
pulsars (omitting the above-mentioned PSR J0218+4232,
B1310+18, B1639+36A and B2127+11C, whose distances
and luminosities are questionable) is shown in Fig. 3. The
mean value of MSPs luminosity log Ligomsp = 2.1 £ 0.6
is a little less than that for our sample of normal pulsars
log EIOO norm — 2.6 £0.8.

On the other hand, it is interesting to note that if
the Taylor et al. (1995) catalog values of distances d are
correct, then MSPs, which are detected in globular cluster,
are of unusually high luminosity. For all 4 MSPs studied
here the mean value of luminosity is log L1go = 3.7 0.5,
compared to the above-mentioned log Lipomsp = 2.140.6
for other MSPs.

We have analyzed the dependence of the MSPs lumi-
nosity on other parameters. Luminosity depends on the
rate of loss of rotation energy E as

log L10o(E) = —10.0(£4.5) + 0.36(£0.13) log 2
for monochromatic and
10g Lint (E) = 11.8(£4.8) + 0.48(£0.14) log E£

for integral luminosity. These relationships are shown in
Fig. 4.

The conversion efficiency of rotation energy to radio lu-
minosity 7 = Lint/ E is found to be about 1075, decreasing
with E as N X E-05+02

No other significant dependencies of luminosity on
other pulsar parameters were found.
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7. Summary

We have measured the flux densities of 30 millisecond pul-
sars at the lowest frequency of 102 and 111 MHz. Using
published data, we have constructed their spectra in the
broadest frequency range from 102 MHz to 4.8 GHz.

The spectra of millisecond pulsars do not exhibit the
low-frequency spectral turn-over which is typical of most
normal pulsars.

We explain the absence of low-frequency spectral turn-
over in millisecond pulsars by a difference in the magnetic-
field structures (topologies) of millisecond and normal
pulsars.

There is no significant difference between the mean
spectral indices of millisecond and normal pulsars.

The luminosity of millisecond pulsars is less than that
of normal ones. Luminosity decreases with increased rate
of loss of rotation energy.
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