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Pulsar as barycenter coordinate clock
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Abstract. Pulsars can be considered as very precise clocks if they are observed from the barycen-
ter of the Solar system. Pulsar Timing Array (PTA) can be used to establish new astronomical
reference frame which describes both space and time properties. Among these arrays most
remarkable are the Parks Pulsar Timing Array (PPTA) and Kalyazin Pulsar Timing Array
(KPTA).
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The pulsar motion in space has to be taken into account. The pulsar proper motion
is determined by timing technique, and transversal velocity is observed and measured
by VLBI. It is impossible to measure pulsar radial velocity because there are not known
spectral lines in pulsar spectra. The radial component of velocity of pulsar can not be
determined by timing as well due to fact that radial velocity, radial acceleration are
renormalized in pulsar period and its derivatives due to the Doppler shift. The Shapiro
time delay, which is generated by average gravitational field of our Galaxy, affects the
pulsar clock, as well.

Stability of the set of pulsar clocks can be satisfactory when the mutual motion of a
pulsar and the observer (referred to the barycenter of the Solar system) can be considered
as linear. It is evident, that pulsars having large acceleration can be excluded from PTA,
for instance, pulsars belonging to Globular clusters. It is why we have to know the relative
acceleration pulsar versus observer.

From ten years of observations of the pulsars at Kalyazin one can say that intrinsic and
extrinsic (interstellar medium) instabilities for the best millisecond reference pulsars are
about 10−14 . One can expect that instability of pulsar time scale during 50 - 100 years
will be about 10−18 , and secular aberration of the Solar system should be taken into
account on the level −10−20/yr.

Each of effects which affect pulsar long-term stability will be very important astro-
nomical discovery.
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