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In this thesis,  continuous gravitational waves from PSR J0835-4510 (Vela) was
searched by ‘analyzing observation data from the Cryogenic Laser Interferometer
Observatory (CLIO).

A gravitational wave is predicted from the general theory of relat1v1ty Grawtatlonal

waves are supposed to be emitted from astrophysical phenomena concerning w1th
compact stars, such as inspiraling compact stars binaries and supernovae.
Pulsars which are rotating neutron stars are also considered to be sources of
gravitational waves. In various pulsars which were discovered by other instruments, we
chose PSR J0835-4510 as a target source of gravitational waves. PSR J0835-4510 is
supposed to be the nearest source of the pulsar, located at 250~500 pe, which produce
the largest theoretlcal amplitude upper limit. Then, search for gravitational waves form
PSR J0835-4510 interests us from a point of view to revel a mechanism of neutron stars.

The gravitational wave frequency of PSR J0835-4510 is about 22 Hz. The search for
pulsars with gravitational wave frequency below 50~Hz had never been performed in
spite that there are many sources, because gravitational wave detectors around the
world didn't have good sensitivity in frequency range below 50 Hz.

In this thesis, first observation data of the CLIO was used, which had good sens1t1v1ty
in low frequency range. CLIO is one of interferometric gravitational wave detectors with
100-m base line arms. In spite of short arm length, the CLIO performed comparable
sensitivity at 20 Hz with km-scale interferometric detectors at February 2007.

The CLIO has two. specific points in contrast with other detectors. One is a location.
The CLIO is located in the Kamioka mine (underground). The other is an usage of

cryogenic techniques. These pomts would benefit the sensitivity in low frequency bands,



which suffers from seismic noise and thermal noise. During February 12 -18 2007, the
: ACLIO interferometer was operated for the obéervation at room temperature.
In this search, Matched Filtei‘ing is used, which is an optimal method when a
- waveform is well predicted. Gravitational waves from pulsars are so faint that we need
to integrate long term data in order to increase a signal to noise ratio. However, there
are two pi‘oblems for the long integration. One is the problem about quantity of data.
The sampling frequency of the interferometeric detector is a few 10~ kHz. Then, -
calculation time increases for the long integration. In order to soive this problem, data
was compressed with heterodyne methOd, The other is the problem about quality of data.
Real observational data from h the interferometer is not simple Gaussian and not
stationary. It includes inferior data which‘ca’n not be used for the search and transient
noise due to an instability of the interferometer. The noise level of the data also varies
by circumstances, éuch as fluctuation of temperature, atmosphere pressure, seismic
noise level and so on. They deteriorate the signal to noise ratio. Then, we impleniented ;
weighting to the data in order to decrease a contribution of the inferior data, i.e. a
| normalization of noise was implemented. v -
Although the Matched Filtering needs an exact waveform, there are uriknown
parameters about pulsars, such as a polarization angle and an angle between a total
momentum vector of the source and a direction from the pulsar to the Earth. These
unknown parameters also cause degenerations of the signal to noise ratio. Then, we
used signal templates about two parameters ih order to suppress the sighal' to noise
- ratio loss with 2 %. We used 102 signal templates in total. Then we implemented the
Matched Filtering for the CLIO data. | |
Searchesvwere done for all spectrum in frequency range from -0.003 to 0.003~Hz for
gravitational wave frequency. We discussed the largest power eveht as a candidate of
. the gravitational waves. As a resﬁlt, the candidate was discarded and we set an
amplitude upper limit of 5.3x1020, An amplitude upper limit can be interpreted as an
- upper limit on the neutron star's equatorial ellipticity. Converting this upper limit on

the ellipticity upper limit, 29 was obtained.





