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As is well known, the Crab pulsar displays a light curve with a characteristic double peak profile having a period of 33 milliseconds, almost aligned in phase over the whole electromagnetic
spectrum. Since it is the brightest pulsar in the optical band (V ∼ 16), its pulse profile has been
extensively monitored by several authors; it is also used as a standard candle to calibrate fluxes
and for testing instruments with high time resolution.
We have studied the optical light curve of the Crab pulsar by means of a novel photon counting
instrument (dubbed AquEYE, the Asiago Quantum EYE), that has the capability to provide data
with exceptionally high temporal resolution and time tagging accuracy of each incoming photon.
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1. Optical studies of the Crab Nebula pulsar
The pulsating neutron star (PSR B0531+21) hosted in the Crab Nebula has been extensively
observed in several energy bands. The first pulsating signal ever detected was in the radio band
(Staeilin & Reifeinstein 1968). Very soon, a counterpart was discovered in the optical band (Cocke
et al. 1969; Lynds et al. 1969). Thereafter optical data have been obtained by several groups (see
for instance Karpov et al. 2007), with the aim of acquiring knowledge about the physical properties
of a young fast rotating neutron star from its light curve.
By means of a stroboscopic instrument, Čadež and Galičič (1996) found a 60 s modulation in
both phase and amplitude of the optical light curve of the Crab. This raised the question whether a
young fast rotating neutron star can freely precess (Čadež et al. 1997). If confirmed, free precession
can help us to constrain the equation of state of a neutron star.
Studies of the polarization of the optical signal were also performed by means of a highspeed photo-polarimeter (Kanbach et al. 2005). With this instrument, it was possible to study the
polarization of both pulse and off-pulse emission separately. Such studies are useful to understand
the physical properties of the magnetosphere around the neutron star.

2. AquEYE: the Asiago Quantum Eye
The optical design of AquEYE follows that of a previous study for the ESO E-ELT, QuantEYE
(Barbieri et al. 2007, 2008). As shown in Fig.1, the pupil of the telescope is divided into four subpupils by means of a pyramidal mirror. Suitable lens systems collimate each beam sections, where
broad and narrow band filters can be inserted. Then each sub-pupil is connected to a dedicated
Single Photon Avalanche Diode (SPAD). A system of four independent fast photon-counters is
created. The advantage of this design is to partly recover dead time effects in each SPAD, to
increase the sustainable count rate, and to allow cross-correlations among the different sub-pupils.
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Figure 1: Optical design of AquEYE (see text).
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Figure 2: Folded light curve (top) and best-period (bottom) of the Crab pulsar measured by AquEYE.
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2.1 Optical light curve of the Crab pulsar with AquEYE
Fig.2 shows an example of the folded light curve of the Crab pulsar obtained with AquEYE
mounted at the 182 cm telescope of Cima Ekar (Asiago). The time series is 30 minutes long and
was obtained on October 11, 2008. The phase binning time is ∼168 µ sec (200 bins per phase).
Corrections for the background emission were not performed. Only a barycentric correction on the
photon arrival time was applied. Observations were made in collaboration with the research group
headed by Prof. Andrej Čadež of the Department of Physics, University of Ljubljana.

Fig.2 shows the best period of the Crab pulsar as measured by AquEYE (the start and stop
of observation is expressed in “Truncated Julian Day”, the time is in UTC). The value of this best
period at the barycenter of the solar system on October 11, 2008 is 33.6216 ms, with an estimated
error of 100 ns (1σ confidence). Data were processed with the task efsearch of the timing analysis
software Xronos (http://xronos.gsfc.nasa.gov/). The period from the radio ephemeris at the same
epoch is 33.621638 ms, in agreement with our measurement within the errors. Further refinement is
expected from the application to our data of the Tempo2 software (http://www.atnf.csiro.au/research
/pulsar/ppta/tempo2), now in progress.

3. Future topics: Second order interferometry
Extremely high spatial and temporal resolutions, in particular for hot stars, insensitive to telescope optical quality as well as to atmospheric flickering, are feasible with second-order intensity
interferometry. One of our goals is to improve this technique with both Extremely Large Telescopes
and QuantEYE.
The spatial-intensity interferometry was pioneered by Hanbury Brown and Twiss (The Intensity Interferometer, Hanbury Brown 1974), and now receives a novel attention. The stellar intensity interferometer may be considered as the first experiment in quantum optics. The second-order
spatial coherence of light is measured from the correlation of the nanosecond-scale fluctuations
observed in the photon fluxes of two telescopes, thus deducing angular widths of stars.
Photon-correlation spectroscopy is the equivalent in the time domain of the spatial-intensity
interferometry. Intensity fluctuations are correlated over baselines (delays) in time. From the measured temporal coherence, the spectral linewidth is deduced. The method has been now proposed
to seek cosmic lasers (Dravins and Germanà 2008). Laser spectral lines are expected to be very
narrow (FWHM < 1 mÅ), requiring a spectral resolution R ∼ 108 much higher than that reachable
with conventional spectrographs (Johansson and Letokhov 2007).
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2.2 Period of the pulsar measured by AquEYE
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