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Abstract. Gravitational lensing and the time delay of a pulsar signal in
the gravitational field of a mass are General Relativistic effects that may
be used as a tool to detect the observational parameters of dark matter
in our Galaxy. We.propose to use observations of the time delay of pulses
from pulsars to detect lensing objects located close to the line of the sight,
to study the distribution of dark matter in our Galaxy. We discuss the
possibility of finding such an event by measuring the delay of pulses from
a pulsar, and apply it to data for PSR B0525+21.

1. Time delay and application to the pulsar B0525+21

Several single pulsars exhibit some unexplained distortions of the observed
times-of-arrival (TOA) of their pulses. The differences between the observed
TOAs and those calculated using the classical spin-down model of the pulsar
rotation are the residuals of the TOA. The residuals are believed to be
caused by some instability in the pulsar rotation. They might also be caused
by a mass moving close to the line of the sight. The propagation delay
of radio signals in the gravitational field of a massive object (the Shapiro
effect) causes a sharp growth in amplitude of the TOA near the conjunction
of the mass with the line of sight of the observer.

We analyzed the timing data for several pulsars obtained at the JPL by
Downs & Reichley (1983) and Downs & Krause-Polstroff (1986) from 1968
to 1983. The data on the arrival times were reduced using the standard fit of
the pulsar astrometric and spin parameters based upon the data reduction
algorithm developed by Doroshenko & Kopeikin (1990). From an analysis
of the observed residuals we concluded that amongst the studied objects
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Figure 1. The TOA residuals for PSR B0525+21. The circles show the observed TOA
residuals after fitting for the pulsar spin and astrometric parameters. The solid line is the
best fit Shapiro delay for a lensing mass. The dashed line is the post-fit TOA residuals.

PSR B0525+21 may present a case of micro-lensing. After subtracting the
best fitting polynomial to the arrival times, we observe significant TOA
residuals with a behavior similar to that caused by a mass passing close
to the line of sight. The observed residuals of the TOAs of the pulsar are
shown as the small circles on the Fig.1.

Our fitted values for the mass and other parameters of the lensing ob-
ject are found to be: M = 330 £ 50 Mg; Vp/d = (1.0 £ 0.7) x 1077 s71;
To = 2442040.0 JD, where M is the lens mass, Vp/d is the ratio of the
relative velocity of the pulsar to the impact parameter, and Tp is the time
of conjunction. With these values of the parameters the pre-fit and post-fit
residuals are equal to 15ms and 3ms respectively. The results are shown in
Figure 1.

Because pulsars are the fastest objects in Galaxy, we can suppose that
the pulsar velocity is larger than the lensing object velocity. For B0525+21
Vp ~ pR = 200km s~!, so that our value for Vp/d gives the distance
of closest approach d ~ 13 AU. One can suggest that the observed extra
modulation is due to a time delay PSR B0525+421 caused by a mass M =
330 My passing near the line of the sight. We suggest that the gravitating
mass may be a robust association of massive baryonic objects (Moore et al.
1995) or a black hole.
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