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Abstract. We have used the effect of Shapiro delay of the pulsar radi-
ation in the gravitational lensing approximation. The microlensing prob-
abilities for pulsars located in globular clusters 47 Tuc (NGC 104) and
M15 (7078) in the case of rather large impact parameters was calculated.

The problem of the dark matter detection in our Galaxy is very important
nowadays. General relativistic effects - gravitational lensing and time delay of
pulsar’s signal in the gravitational field of a point mass can help, in principle, to
solve this problem. The gravitational lensing manifestation is the magnification
of the radiation flux which will be accompanied the time delay of the pulsar’s
signal (Krauss & Small 1991). For instance, unusual shape of residuals of the
pulsar B05254-21 may be explained in terms of such a relativistic time delay
in gravitational field of a massive compact object (Larchenkova & Doroshenko
1995).

The time delay in propagation of pulsar’s pulse consists of two terms: geo-
metrical time delay, and Shapiro delay (Kopeikin et al. 1999). In the case of pul-
sar timing observations the geometrical time delay can be neglected. To calculate
the Shapiro delay we use the gravitational lensing approximation (Larchenkova
& Doroshenko 1995). Since the pulsar and lens are moving the Shapiro de-
lay is a function of the observation time. The delay reaches a maximum value
at the instant corresponding to the minimal value of the impact parameter d.
For example, assuming d = 100AU, the relative velocity Vp = 100km/s of the
pulsar projected in the plane of the sky, with respect to a single gravitating
mass M = 0.1Mg, and precision of the timing observation 0.5us, the necessary
observation time of the effect is around 8 years.

Eight pulsars and twenty millisecond pulsars have been observed in globular
cluster M15 and 47 Tuc. Almost all pulsars are located in the core of the
clusters. In the present paper we are interested in estimation of microlensing
probability of pulsars located in a globular cluster. Two cases are possible - a
lens in the globular cluster, and one located outside it somewhere in the Galaxy.
We consider a globular cluster as a self-gravitating isothermal sphere made of
identical stars and use 1—+17_2 model of mass density, where r is the distance to
the cluster’s center w.r.t. the core’s radius r.. Note that the probability, P,
should be a function of the total mass of lensing objects and can not depend
on the individual lens mass. If the pulsar is located at the center of the cluster
then one can estimate the ratio P/ f? being equal to 4.6 - 1078 for 47 Tuc and
3.7-1078 for M15. Rg is the Einstein radius.
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We assume the mass function to be independent of the position and all
lensing objects have the same mass 0.1Mg. This assumption may be applied
because the mass fraction of low-mass white dwarfs is ~ 50% in 47 Tuc (Heg-
gie 1995); the white dwarfs constitute most (about 85%) of the mass of M15
(Gebhardt 1997).

If we know the lens mass, M, the impact parameter,d, and the system
geometry then one can estimate parameter f. Hence, we can derive P. For
M = 0.1M¢ and d = 100AU parameter f is around 1000.

To estimate the lensing probability, P, on objects of Milky Way we use an
empirical model of Bahcall & Soniera (1980) for the density of source in the plane
of the Galaxy and the model of the isotermal sphere with a core for Galactic
halo. The ratio P/f? have been derived 1.5- 1077 and 5.5 1077 for the pulsar
in 47 Tuc and in M15, correspondingly. Assuming all lenses have the same mass
also being equal to 0.1 Mg, as the Galactic halo, probably, consists of red dwarfs
or even, brown dwarfs, we can estimate the numerical value of parameter f and
therefore the probability.

During 8 years of the observations the number of expected lensing events
for parameters M = 0.1Mg, d = 100AU and the different location of lens is
given below.

Source in center of M15 Source in center of 47 Tuc
lens in M15 | lens in MW | lens in 47 Tuc | lens in MW
Events 0.2 3 0.6 2

Several pulsars exhibit the presence of some unexplained timing noise. Weak
gravitational lensing by galactic objects may explain some symmetrical distor-
tions of the timing residuals. From our calculation it follows that one expect less
number of lensing events by objects located in a globular cluster than by objects
being outside it. This result can be explaned more high value of the probability
and also more high numerical value of the dispersion velocity in the halo.

The objective observational difficulties of rather weak Shapiro effect at the
large time scale deal with the timing noise. But we believe that in near future
the accuracy ~ 100ns will be attain even for pulsars with weak flux. The power
spectrum of Shapiro effect will allow to discern it from low frequency timing
noise.
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