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Abstract We report on recent pulsar timing observations undertakerthie Urumgi
Observatory. Observations for 74 radio pulsars have beatemegularly at an observing
frequency of 1540 MHz as part of the Urumgi Observatory tignprogram, which com-
menced in 1999 November at the 25-m Urumgi Nanshan teles€peently 284 pulsars
are monitored with an average interval between obsen&tidr-9 days. The dedispersion
is provided by & x 128 x 2.5 MHz filterbank/digitiser system. Accurate and updated pe-
riods, period derivatives and positions have been obtdmretthe majority of the 74 pulsars
with timing observations spanning more than one year. Farsg#s spanning more than one
year we have obtained improved positions, proper motiomsvafocities. Comparing our
measurements of period and period derivative with earleseovations, we conclude that,
long-term period and period-derivative fluctuations maydbeninated by unseen glitches.
We also present the observed results for ten glitches ofyfouing pulsars detected in the last
five years.
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1 INTRODUCTION

Pulsar timing has long been used in order to determine drparameters such as pulsar periods, period
derivatives and, provided the data span is at least one geeaurate pulsar positions and proper motions.
Moreover, irregularities in rotation (glitches and/or ifg noise), can be investigated by frequent and reg-
ular timing observations. Obviously, all of these measwetsiand investigations require high precision in
the determination of the times-of-arrival (TOAS) of pulsesorder to minimise the extrinsic effects of pos-
sible perturbations in dispersion measure (DM) introdumethe interstellar medium (ISM) it is important
that these timing observations be made at frequenciesiigae 1 GHz.

The Urumgi Nanshan Pulsar Observing System has been cooshlimproved and updated since
1999 November, which has allowed us to make regular highgogctiming observations of 280 selected
radio pulsars. In this paper we briefly describe the obsgreystem and report on nearly five years of
timing observations for a subset of 74 radio pulsars usieg@2m Urumgi Nanshan telescope. Accurate
periods, period derivatives, positions, proper motiorns alocities were obtained for these pulsars along
with parameters for ten glitches in four young pulsars.

2 OBSERVATIONSAND ANALYSIS

Our timing observations have been made using a 1540 MHz chaainel, room-temperature receiver (
100K) between December 1999 to June 2002. The total bandwidtheofeceiver is 320 MHz. A dual-
channel cryogenic receiver has been used since July 200&h atowed us to observe pulsars with a flux
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density greater than about 0.5 mJy at 1540 MHz. Now appraeiin280 pulsars are observed three times
per month.

The data are digitised to one-bit precision and recordedsm @he sampling rate is 1 ms and integra-
tions are typically 60-240s. In our timing program, indiwa observations last for four integrations.

The data are subsequently folded at the pulsar's nominalcergric period and then summed with
appropriate phase shifts to allow for interstellar disjpersThe pulse profile obtained from each observation
in this way is then convolved with a low-noise template peofif the pulsar at the appropriate frequency to
obtain an accurate TOA. These TOAs are corrected to the batngcof the Solar System using the TEMPO
software packadeand the improved JPL solar system ephemeris DE405 (Stah@&2) Standish 2004).
A simple spin-down model involving the pulsar rotationa&duency and its derivatives was used for fitting
to the barycentric arrival times giving the pulse phésat the timet as:

1. 1.
D(t) = P+ vo(t —to) + §u0(t—to)2+gyo(t—to)3, (1)

where® is the pulse phase at tintg, andvy, ©y andiy are the pulsar rotational frequency, frequency
derivative and frequency second derivative at tigeespectively. The differences between the actual pulse
arrival times and the predicted arrival times derived frobeat timing fit model (the timing residuals) give
information on the pulsar’s rotational behaviour.

3 TIMING RESULTS
3.1 Updated the Periods and Period Derivatives

Details of the timing results for the updated periods andogederivatives of 74 pulsars are given in the
paper by Wang et al. (2001), so we only summarise the reseiles h

Improved periods and period derivatives were determinedalloobserved pulsars except the Crab
Pulsar for which we have data spanning more than one yeamadteacy of the period determinations is
generally better than 0.1 ns, and the typical root-meamusgresiduals are a few hundred microseconds.
We obtain the period and period derivative variations by paring the new determined measurements
with the previous best determinations from the refererigmificant differences between our and previous
periods are observed for most of the pulsars. The changesriodpdisplay a wide range of values. The
largest period change was for PSR B17Z3D, with AP ~ 1.2 x 10~%s, and the smallest value &P
has the magnitude a0~ s. With few exceptions, most period changes are small, WX |< 3 iis. We
found an interesting correlation between period and pediedvative changes P andAP), illustrated in
Figure 1, which shows a strong tendency fof” and AP to have the same sign and to be correlated in
amplitude. For random period noise, it would not producésierelated changes in P aitd

Assuming that a glitch causes an exponential decay, weraataa model based on unseen glitches
which agrees well with the observed changes in period andgéerivatives. Our model also works for
the Crab pulsar glitches. This agreement strongly suggiestdong-term systematic fluctuations in pulsar
periods and period derivatives are dominated by decay froseen glitches.

3.2 Glitchesin Four Young Pulsars

Ten glitches were observed in the spin rates of four younggralamong the 74 samples, PSRs B0531+21
(the Crab Pulsar), B173730, B1822-09 and J18351106.

The jump parameters obtained from the timing observationthese glitches are listed in Table 1. We
detected unusual glitches in two young pulsars, PSRs 38235 (B1822-09) and J18351106 (Zou et
al. 2004). The rotational behaviour of the two pulsars ovet300-d period are shown in Figures 2 and 3.
Values ofv andr were obtained from fits of the Equation (1) to independenttseztions of data, typically
of 30-60 days.

For PSR J18250935, a slow glitch characterised by a temporary decreaeeislowdown rate oc-
curred between 2000 December 31 to 2001 December 6. Thig exsuited in a permanent increase
in frequency with fractional size\v/v ~ 31.2(2) x 1079, however little effect remained in slow-
down rate. The glitch in PSR J1833106 occurred abruptly in November 2001 (MJD 5223) with

1 See http://www.atnf.csiro.au/research/pulsar/tempo/
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Fig.1 Difference between the observed and predicted periodatarsA P, plotted against difference in
period,AP. The inset is an expanded version of the central region (Véaafj 2001).

Table 1 Jump and exponential recovery parameters for five pulsarsetthinties ared and refer to the
last digit quoted.

B name J name Glt Glitch epoch Date Av/v Av /v Q Tq
No. (MJD) 10~9) (1073) d

0531+21  0534+2200 1 51740.8 000715 24(8) 5(2) 0.80  4(4)
2 52084.3(2) 010624 11.5(4) 0.2 0.9(2) 25(6)

1822-09 1825-0935 1 51909-52249 001231-011206 31.2(2) 1.9(1) - -
2 52798-52969 030608-031126~2.1(5) ~-1.8(8) - -

— 1835-1106 1 52220(3) 011107 14.6(4) —1.0(2) - -

1737-30 1740-3015 1 52235(3) 011122 5.1(2) 0.01(2) - -
2 52271(10) 011228 10(1) -1.1(5) - -
3 52344(5) 020311 150(1)  2.0(5) 0.24 150
4 52857(3) 030806 17.8(2) 1.2(2) 0.28 15
5 52941(16) 031029 23.5(7) 1.8(4) 0.36 40

Av/v ~ 14.6(4) x 1079 and little or no change in the slow-down rate. A significardroge ini> apparently
occurred at the glitch witki having opposite sign for the pre- and post-glitch data.

3.3 New Proper Motion Measurements

We have determined proper motions for 74 single radio psilsgregular timing observations over a four
year period. This work has yielded about 60 accurate detettions of proper motion, in which new or
improved proper motions were obtained for 16 pulsars (Zal.e2005). Comparison with other measure-
ments, especially the latest results from Hobbs et al. (R@66the same pulsars suggests that, in general,
our proper motion estimates derived from timing observetiare in excellent agreement with previously
published results. However, in several cases significatrepancies were found. The improved proper
motions imply a mean transverse velocity for the sample &fld4 s™!, about a factor of 1.5 greater than
the earlier estimates @00 + 30kms™! (Lyne & Lorimer 1994), which indicates a strong selection ef
fect in pulsar surveys. The mean space velocity of pulsa#tht given by Lorimer et al. (1997) is about
500kms! and the mean transverse velocity derived from convincisgeiations between pulsars and su-
pernova remnants 30 4 180 kms~! (Lyne & Lorimer, 1994), so our result is in agreement withsheln
Zou et al. (2005) we discussed the potential difficultiesstineating pulsar velocities from proper motions
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Fig.2 Variation ofv andv for PSR J18250935. (a) Fig.3 Variation of v and v across the glitch of

Frequency residualAv relative to the pre-glitch so- PSR J18351106. (a) The frequency residual af-

lution. (b) Observed variations of(Zou et al., 2004). ter subtracting a fit of andv to the pre-glitch data,
and (b) Observed variations of(Zou et al., 2004).

due to the poor pulsar distance model. We also analysed tbeityedistribution of single radio pulsars in
the Galaxy.

4 SUMMARY AND CONCLUSIONS

We have presented the results of a series of pulsar timirgyanes spanning 5 years. From the timing data
we have obtained accurate estimates of the pulsar periedsdglerivatives, positions, proper motions and
velocities. Ten glitches were observed in the timing resislof four young pulsars. In the near future we
will use the Nanshan telescope to investigate multi-fregygolarisation observations, the time variation
of the pulsar intensity, higher precision pulsar timingc{irding millisecond pulsar timing), timing noise
and interstellar scintillation.
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