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1. Observational Facts

1) PSR B1953+-29, the first millisecond binary pulsar discovered, has a low mass
companion with a long orbital period (see parameters in Table 1).

2) Shortly after its discovery the averaged pulse profile was observed to change
shape in a discrete fashion: two different pulse profiles were alternating (Bori-
akoff et al 1986). Each pulse profile remained the same for typical times of days.
This is reminiscent of the mode-changing behaviour of slower pulsars, however,
normally such pulsars remain in one mode for only a few minutes.

3) Observations with a Cherenkov TeV Gamma-Ray detector have shown a large
pulse-profile peak when the data is folded with the correct pulse period. Recent
reprocessing of the original data shows the same peak (Bowden et al 1990).

4) Comparison with optical photographs revealed a bright star (20-th magni-
tude) located less than 1 arcsec from the pulsar positions determined with the
VLA and from timing. A star of ~0.2Mg, is expected to be a white dwarf, at
the distance of 3.5-5kpc it would be invisible.

5) Optical spectral observations of the star with the 5-meter Palomar telescope
showed a reddened spectrum without any emission or absorption lines. This is
typical of very hot objects.

6) CCD images obtained with the Russian 6 meter optical telescope in the
Caucasus were taken to pinpoint the location of the star with accuracies better
than a small fraction of an arc second. Imperfections of the CCD star images
(saturation, etc.), in particular for bright 15-18 magnitude stars, had to be
taken into account to pinpoint the center of the observed image. A technique
was developed for finding the center of the image with an accuracy better than
0.17 arcsec, a single pixel of the CCD image. Arcs of ellipses were fitted to
cross-sections of the star image at different light intensity levels. Down to very
low light levels no pulsation was found.

2. Interpretations
1) Joss & Rappaport (1983) modeled the evolution of the pulsar and its com-
panion, and concluded that mass transfer was happening until recently, and the
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tail end of it may still be going on. This may be the cause of the pulse profile
changes and the high level of gamma radiation.

2) Paczynski (1983) proposed a theoretical interpretation of the optical star: a
low mass object that lost its outer envelope in the mass transfer that accelerated
the pulsar to millisecond rotation periods. Because we would be seeing internal
layers of the object after the mass loss a much higher brightness is expected.
3) A secure identification of the optical object will give us a much better insight
into the evolutionary history of PSR B1953+29.

Table 1. Parameters of PSR B1953+29

Ref.
RA 1950.0 Position (from timing) 19h 53m 26.7311s £+ 0.0003s 3
DEC 1950.0 Position (from timing) 29° 00’ 43.734” £ 0.004” 3
Period 6133166488.729 ps + 0.009 ps 3
Period derivative (2.9540.03)x 10720 5,571 3
Epoch of period 2446112.6435 JED 3
Projected semi-major axis a;sing 31.4126940.00002 light s 3
Orbital eccentricity (330.440.3)x 106 3
Orbital period 117.349097+0.000003 d 3
Longitude of Periastron 29.5140.09 deg 3
Time of Periastron 2446112.4940.03 JED 3
Dispersion Measure 104.5840.05 pc.cm™3 2
Most probable companion mass 0.2 Mg 1
Distance 3.5 kpc 1
Distance 5.39 kpc 4
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