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Abstract.

Current searches for astrophysically generated gravitational waves include the ground-based interferometers GEO600 and
LIGO. The sensitive band of the detectors is at audio frequencies, from a few tens of Hz to several kHz. We report on efforts
to search the data from these detectors for gravitational waves from spinning compact objects such as neutron or quark stars.
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INTRODUCTION nover, Germany. The analyses of data from these gravi-
tational wave observatories are under the auspices of the
Gravitational waves are distortions in the space-timeLIGO Scientific Collaboration (LSC).
metric predicted by Einstein’s General Theory of Rel- Figure 1 shows the progression of strain sensitivities of
ativity. Current searches for astrophysically generatedhe LIGO interferometers. Curves are strain-equivalent
gravitational waves include the ground-based interfernoise output of the gravitational wave channel of the
ometers GEO600 and LIGO. The detectors sensitivenost sensitive interferometer during each science run, S1
band includes audio frequencies from a few tens of Hz tq2002), through to the present S5 run. The black curve is
several kHz. Compact objects such as neutron or quarthe design noise curve (science requirement), in which
stars are anticipated to radiate gravitational waves, albegensitivity is limited at low frequencies by seismic noise,
weakly, at these frequencies. Given the weakness of eiddle frequencies by thermal noise of test masses and
signal, long stretches of data (months to years) must beuspension systems, and at high frequencies by the shot
analyzed in order to draw it out from the noise floor of a noise of the laser. Evident in the strain curves are station-
detector. Emission mechanisms include nonaxisymmetary and quasi-stationary discrete line noise sources such
ric distortions in the solid part of the star (signal at twice as 60Hz and harmonics from power lines345Hz and
the rotation frequencyy), free precession (signal &),  harmonics from test mass recoil due to suspension wire
and fluidr-modes (signal roughly atf4/3). violin modes, injected calibration lines, and internal res-
Here we briefly overview the efforts of the LIGO Sci- onances of suspended optics such as beam splitters and
entific Collaboration to analyze data from the LIGO andtest masses.
GEOG600 detectors for evidence of continuous gravita-
tional waves. We note the detectors, the expected sig-

nal behaviour, and the data analysis methods. Observa- Sources
tional results of the searches are available hditp(
/Nigo.org/ ) and references herein. Spinning compact objects such as neutron or quark

stars should be a source of continuous gravitational

waves (CW) in the audio band. Quasi-sinusoidal gravi-

Detectors tational waves detected from pulsars would be Doppler

modulated by relative motions of the detector and star,

The Laser Interferometer Gravitational Wave Obser-and amplitude modulated by the sweeping of the detector

vatory (LIGO) [1] is composed of two sites, LIGO beam pattern (variations in detector sensitivity as a func-

Livingston (Louisiana, LA) and LIGO Hanford (Rich- tion of position) across the sky. These modulations pro-

land, WA). A single four-km power-recycled Michelson vide an effective filter to match against data when search-

with Fabry-Perot arm-cavities (denoted L1) occupies thdang for a signal, but dramatically increases the number of
Livingston vacuum envelope, while 2 similar detectorstemplates one must search.

(four-km and two-km machines, denoted H1 and H2) oc- The quasi-sinusoidal gravitational wave incident on an

cupy the Hanford vacuum. The GEO600 machine [2] isinterferometric detector will produce a strain response of

a 600m folded Michelson interferometer located in Han-
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FIGURE 1. The progression of strain sensitivities of LIGO interferometers during science runs S1 through S5, compared to the
design (science requirement, or SRD) goal.

the form (see theZ-statistic method, below), and the parameter
space includes botf and f. A targeted area search of
hit)= A F (y,t)codd(t) + Py + the galactic center will be launched soon.

A (w 1) sin[d(t) + @)

whereh(t) is the strainA, andA, are the amplitudes All-sky searches

of the plus and cross polarizations of the gravitational

wave,F, andF, are the respective response functions  a|l-sky, blind searches for gravitational waves from

(or antenna patterns) of the detectgiis the polarization  ynknown pulsars are computationally limited. The com-

angle, andp is the gravitational wave phase, with the  putational cost increases rapidly with observation time

initial phase [3]. since the number of templates a search must cover scales
at T® for a search over sky position, frequency, and the
frequency’s first time derivative, while the search sen-

DATA ANALYSIS METHODS sitivity scales as onlyr /2. The addition of orbital pa-
rameters in the case of binary searches, or higher deriva-
Targeted searches tives for younger sources add powergofThe computa-

tional challenge requires distributed computing and opti-
Known pulsars are targeted in searches for gravitamal search methods. The best sensitivity can be achieved
tional waves at twice the spin frequency of the star. Raby a hierarchical search, in which data is passed by layers
dio timing data are employed to construct templates thaof both coherent and semi-coherent search algorithms.
predict the phase evolution of an expected gravitational
wave signal. Searches performed on LIGO/GEO data
from the LSC third and fourth science runs on 78 radio Coherent methods
pulsars [4] found no gravitational wave sources, hence
upper limits were set. For this analysis, radio timing was Wide parameter space, fully coherent analyses of
provided by the Jodrell Bank Pulsar Group (M. Kramer LIGO and GEO data [5] are made by matched filtering
and A.G. Lyne). in the frequency domain. The optimal detection statistic
Searches for continuous waves over a wider parametgmaximum likelihood) is the so-callef -statistic, as de-
space than a single template are underway on specific, irscribed in ref [3].
teresting objects of known sky position such as the Crab All-sky coherent searches are made over large param-
pulsar and the supernova remnant Cas A. Furthermorester spaces including frequency (typically the most sensi-
data from LIGO’s second science run was used to searctive band of the instrument, from 50-1500Hz), spindown,
the LXMB Sco-X1 [5], and plans to search other LMXBs and all sky positions. Due to computational constraints,
are under development. These searches are fully coheretiite stretches of data analyzed coherently are limited to



approximately tens of hours, (e.g. 30h for the coherentoincident data between the three LIGO interferometers.
searches of the fourth science run, from several interferSeveral publications with analysis results for continuous
ometers), although many such segments are analyzed agdavitational-waves using data from this run are in prepa-
compared. ration.
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In addition, LIGO’s 5th Science run recently com-
pleted, successfully achieving the goal of running at ini-
tial design sensitivity and collecting one year of triple-



