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As is well known, the Crab pulsar displays a light curve witbharacteristic double peak pro-
file having a period of 33 milliseconds, almost aligned ing#haver the whole electromagnetic
spectrum. Since it is the brightest pulsar in the opticaldb@h~ 16), its pulse profile has been

extensively monitored by several authors; it is also used standard candle to calibrate fluxes
and for testing instruments with high time resolution.

We have studied the optical light curve of the Crab pulsar leams of a novel photon counting

instrument (dubbed AQUEYE, the Asiago Quantum EYE), thattha capability to provide data

with exceptionally high temporal resolution and time taggaccuracy of each incoming photon.
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Figure 1: Optical design of AQUEYE (see text).

1. Optical studies of the Crab Nebula pulsar

The pulsating neutron star (PSR B0531+21) hosted in the Crab Nebulebasextensively
observed in several energy bands. The first pulsating signal etectdd was in the radio band
(Staeilin & Reifeinstein 1968). Very soon, a counterpart was discoviartihe optical band (Cocke
et al. 1969; Lynds et al. 1969). Thereafter optical data have be@meld by several groups (see
for instance Karpov et al. 2007), with the aim of acquiring knowledgeitth® physical properties
of a young fast rotating neutron star from its light curve.

By means of a stroboscopic instrume@gde? and Gali¢ (1996) found a 60 s modulation in
both phase and amplitude of the optical light curve of the Crab. This raiseglistion whether a
young fast rotating neutron star can freely precésﬂj(ei etal. 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 snefaa high-
speed photo-polarimeter (Kanbach et al. 2005). With this instrument, it essshpe to study the
polarization of both pulse and off-pulse emission separately. Such sardieseful 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 ESELT, QuantEYE
(Barbieri et al. 2007, 2008). As shown in Fig.1, the pupil of the telesésplivided into four sub-
pupils by means of a pyramidal mirror. Suitable lens systems collimate each betiams, where
broad and narrow band filters can be inserted. Then each sub-pepihiected to a dedicated
Single Photon Avalanche Diode (SPAD). A system of four independssitghoton-counters is
created. The advantage of this design is to partly recover dead time dffegéeh SPAD, to
increase the sustainable count rate, and to allow cross-correlationg éneatifferent sub-pupils.
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Folded period: 0.336216E-01 s

3 T T T i
a + +
% -t + |
n
—
‘ .
b, , J
f .
f ‘
1 t
8 + +
<
> + + t +
[s]
O |- 4
3 % . ‘ ”q,“ .
81 - S, ; o, - ", S
a5 g "’.“Www"v‘“;‘*m"")‘ st s w,www.qm.w’"
| . . . . | . . . . |
0 0.5 1 15 2
Phase
Start Time 14750 1:49:06:675 Stop Time 14750 2:19:04:172
Bin time: 0.1681E-03 s
. . . . : : :
S L _
=L Best Period: 0.336216E-01 s g
ol J
— 4
X
n
g 5 |
c N
=}
o
12
=
O
S L _
— |- 4
. J
- 4
X
n
=}
o ! . ! . ! . ! . ! hi
A -4x1077 -2x107 0 2x1077 4x1077

Period (s) - Offset

Start Time 14750 1:49:06:675 Stop Time 14750 2:19:04:172

Figure 2: Folded light curvetpp) and best-periodoptton) 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 obtaiitedAqUEYE
mounted at the 182 cm telescope of Cima Ekar (Asiago). The time series is 3temiong and
was obtained on October 11, 2008. The phase binning timelB83 usec (200 bins per phase).
Corrections for the background emission were not performed. Onlyyadatric correction on the
photon arrival time was applied. Observations were made in collaboratiorheittesearch group
headed by Prof. André]?adei of the Department of Physics, University of Ljubljana.

2.2 Period of the pulsar measured by AQUEYE

Fig.2 shows the best period of the Crab pulsar as measured by AquE¥ Etéh and stop
of observation is expressed in “Truncated Julian Day”, the time is in UTKQ.v&lue of this best
period at the barycenter of the solar system on October 11, 2008 isl®362, with an estimated
error of 100 ns (&r confidence). Data were processed with the &fskarchof the timing analysis
software Xronos (http://xronos.gsfc.nasa.gov/). The period from tflie ephemeris at the same
epochis 33.621638 ms, in agreement with our measurement within the éuotfser refinementis
expected from the application to our data of the Tempo2 software (http://wwwsitn.au/research
/pulsar/ppta/tempo2), now in progress.

3. Futuretopics: Second order interferometry

Extremely high spatial and temporal resolutions, in particular for hot stessnsitive to tele-
scope optical quality as well as to atmospheric flickering, are feasible witindeorder intensity
interferometry. One of our goals is to improve this technique with both Extreneetyd Telescopes
and QuantEYE.

The spatial-intensity interferometry was pioneered by Hanbury Browrilraigs (The Inten-
sity Interferometer, Hanbury Brown 1974), and now receives alraitention. The stellar inten-
sity interferometer may be considered as the first experiment in quanturs.optie second-order
spatial coherence of light is measured from the correlation of the nemindescale fluctuations
observed in the photon fluxes of two telescopes, thus deducing angdtaswf stars.

Photon-correlation spectroscopy is the equivalent in the time domain of #tielsptensity
interferometry. Intensity fluctuations are correlated over baselines/&ératime. From the mea-
sured temporal coherence, the spectral linewidth is deduced. The niethdmen now proposed
to seek cosmic lasers (Dravins and Germana 2008). Laser spectrahileénegpected to be very
narrow (FWHM < 1 mA), requiring a spectral resolutiBa~ 10° much higher than that reachable
with conventional spectrographs (Johansson and Letokhov 2007).
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