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LIGO held its rst science run (S1) from 23 August to 09 September 2002. During the 17-day

period, the three km-scale LIGO interferometers (4 km and 2 km in WA and 4 km in LA) and the
600m GEO interferometer (outside Hannover, Germany) operated as a network of detectors for part
of the time. The strain sensitivity of the LIGO interferometers during this observational period was
h(f) 3 20 10 #*Hz % near f  300Hz. Their useful instrumental bandwidth spanned the
decade 100Hz - f . 1000 Hz. During S1, LIGO interferometers had better broadband sensitivities
than any prior gravitational wave detector. In addition, the number of interferometers operating
simultaneously was unprecedented.
The LIGO Scienti ¢ Collaboration have completed analyses of the S1 data for a number of classes
of sources of gravitational waves (GW). These included: (i) inspiral and merger of compact binary
systems; (ii) continuous wave sources, the GW counterparts to radio pulsars; (iii) burst or transient
sources, such as GW emissions from SNe; (iv) a stochastic gravitational wave background. The
emphasis in this rst science run was to develop the analysis techniques and software pipelines that
will be used to analyze data during periods of extended observation in future science runs. At
the same time, the S1 data quality were such that it was be possible to provide improved direct
observational limits on gravitational radiation for a number of sources with these fundamentally
new instruments.

PACS numbers:



I. INTRODUCTION

During the last few years a number of new gravitational wave detectors, using long-baseline laser interferometry,
are being commissioned and have been entering into operation. These include the Laser Interferometer Gravitational
Wave Observatory { LIGO [1] { detectors located in Hanford, WA and Livingston, LA, built by a Caltech-MIT
collaboration; the GEO-600 detector near Hannover, Germany, built by an UK-German collaboration [1]; the VIRGO
detector near Pisa, Italy, built by an Italian-French collaboration [2]; and the Japanese TAMA-300 detector in Tokyo
[3]. While none of these instruments is yet performing at its design sensitivity, many have begun making dedicated
data collecting runs and performing gravitational wave search analyses on the data.

In particular, from 23 August 2002 to 9 September 2002, the LIGO Hanford and LIGO Livingston Observatories
[4] [5] took coincident science data (referred to hereafter as S1). The LHO site contains two, identically oriented
interferometers: one having 4 km long measurement arms (referred to as H1), and one having 2 km long arms (H2);
the LLO site contains a single, 4 km long interferometer (L1). These interferometers each have one arm aligned
parallel to the great circle connecting the sites, thus providing optimal alignment to the same GW polarization. GEO
also took data in coincidence with the LIGO detectors during that time, although with signi cantly poorer sensitivity.

The LIGO Scienti ¢ Collaboration[6] have completed analyses of the S1 data set for evidence of signatures coming
from four classes of gravitational wave (GW ) sources. These include: (i) inspiral and coalescence of compact binary
systems; (ii) continuous wave sources, GW counterparts to radio pulsars; (iii) burst or transient sources, such as GW
emissions from SNe; (iv) a stochastic gravitational wave background. The emphasis in this rst science run was to
develop the analysis techniques and software pipelines that will be used to analyze data continuously during periods of
extended observation in future science runs. While no detections were made, the S1 data quality are such that it was
possible to provide improved direct observational limits on GW from a number of sources with these fundamentally
new instruments.

Fig. 1 presents a composite graph showing the amplitude spectral densities for the three LIGO interferometers
taken during the S1 run. The LA 4 km machine was the most sensitive, achieving strain sensitivities of h(300 Hz)
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TABLE I: Operational duty cycles of di erent coincidence mo des during S1.

Locked Time (Hr) Duty Cycle (%)
Single
H1 (4 km) 235 576
H2 (2 km) 298 731
L1(4 km) 170 417
Double Coincidence
H1+L1 116 284
H2+L1 131 321
H1+H2 188 461
Triple Coincidence
H1+H2 +L1 95:7 234
LHO 2km

LHO 4km

/
LLO 4km

FIG. 1: Spectra of instrumental sensitivities for the three LIGO interferometers during the S1 science run. The solid curve
corresponds to the design goal for the 4 km long interferometers in WA and LA. The dashed curve gives the goal for the shorter,
2 km long instrument in WA.

3 10 2'Hz 7. Table | presents the operational duty cycles for the di erent coincidence modes during S1. During
S1, LIGO interferometers had better broadband sensitivities than any prior gravitational wave detector. In addition,
the number of machines operating simultaneously was unpresented.

Il.  DISCUSSION

Searches for the four classes of GW sources described abowavd been conducted with the S1 data. In all cases, the
primary emphasis of the analyses was to de ne, develop, andriplement data analysis pipelines to provide production
capability for processing data end-to-end. These e orts irtluded support for Monte Carlo simulations to validate and
calibrate the search e ciencies. Fig. 2 presents a block digram schematic of the analysis ow for the burst event
search. It is representative of a prototypical analysis pipéne for an event-based search.



