Pulsars : Problems & Progress
ASP Conference Series, Vol. 105, 1996
S. Johnston, M. A. Walker and M. Bailes, eds.

Optical Observations of Pulsars

Christian Gouiffes

Service d’Astrophysique, CEA/DSM/DAPNIA C.E. Saclay, 91191
Gif-sur- Yvette Cedex - FRANCE

Hakki Ogelman

Department of Physics, University of Wisconsin-Madison, 1150
University Avenue, Madison, WI53706 - USA

1. Introduction

In the course of a programme to study optical pulsars, we have observed at
different occasions PSR0540-69, the 50 msec pulsar in the LMC. Like the Crab
pulsar, it has been detected at X-rays, optical and radio and its braking index
(~2) determined. In this communication we report some results obtained on
this pulsar, in particular the presence of narrow features in the pulse profile and
compare it with a nearly simultaneous X-ray observation.

2. Observations and Analysis

The observations were carried out at the 3.6m telescope at La Silla observatory,
Chile. The instrument consisted on a single channel photometer coupled with a
photomultiplier (GaAs photocathode). The sampling frequency was 10 kHz and
the output of the photon counting system was recorded sequentially on magnetic
tape. A set of filters and diaphragms were available. A standard analysis was
then performed. After corrections to the solar system barycenter, the data were
analyzed and the best period determined using the Z% test (Buccheri et al, 1983).

3. Results and Discussion

Fig. 1 shows the light curve of PSR0540-69 obtained in 1992, November 5 (expo-
sure time ~1 hour, free light, seeing disc <1”). The period was measured to be
P=50.405035(1) msec and phase 0 corresponds to MJD(TDB)=48931.33437451.
As already described (Seward et al 1984, Middleditch et al 1985, Gouiffes et al
1992) the pulsed profile consists of a broad peak with two narrow features on
top of it separated by 0.25 in phase. Other narrow features are present in the
pulse shape: one (phase ~0.7 and < 1 msec) falls half a period before (or after)
the centroid of the broad modulation. Other faint and narrow structures seem
to appear in the falling trail of the peak. The presence of faint structures in the
light curve has been recently noticed by a HST observation (Boyd et al, 1995).
It be would interesting to get higher signal/noise light curve of PSR0540-69 to
study in detail the behavior of these structures which might be the signatures
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of small areas of emission in the pulsar magnetosphere. It has to be noted that
this can hardly be done in radio due to the faintness of the pulsar in this energy
range (Manchester et al, 1993).
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Figure 1. The Optical pulse shape from PSR0540-69 on 1992,
November 5. Two full cycles are plotted.

PSR0540-69 was observed in soft X-rays band (0.1-2.4 KeV) with the PSPC
detector on board the ROSAT satellite in 1991, February (Finley et al, 1993).
We have a nearly contemporaneous optical observation (1991, January 10) which
has been analyzed using the timing solution given by the ROSAT data. We
could thus compare the two pulse profiles. Considering the different accuracies
(an assumed 2 msec accuracy of the ROSAT clock with respect to the UTC),
one can consider that the X-ray pulse and the optical pulse are in phase. Again
narrow features in the pulse shape are visible in both energy ranges. However
higher signal to noise light curves are required to refine such correlations.
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The linear polarization of the Crab pulsar as a function of pulse phase
was observed by the High Speed Photometer on the Hubble Space Telescope
in March, 1993. Observations were obtained in a bandpass centered on 2770
A using a 0.25 ms sample time, corresponding to a time resolution of 0.0075
in pulse phase. The UV polarization of the pulsar [Fig. 1] is strikingly similar
to that observed in the visible (cf. Smith et al. 1988). The same values of
polarization and the same swing of position angle occur through the main and
secondary pulses. The polarization pulse profile must be essentially wavelength
independent at frequencies above the infrared.

Any model of the emission regions in the Crab pulsar must then be wave-
length independent. Our observations support the geometrical model proposed
by Smith et al. (1988), which ascribes the double pulse to radiation from re-
gions above the two magnetic poles, and places them a$ a radial distance of
about nine-tenths of the velocity-of-light radius.
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