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Abstract 
All three LIGO detectors have reached their design 

sensitivities. A sky-averaged detection range (SNR > 8) of 
more than 15 Mpc for inspiral binary neutron stars with 
masses of 1.4 Msol has been achieved with the two 4 km 
instruments. The fifth LIGO science started in November 
2005 and ended September 2007. About 365 days of 
coincidence data have been collected. The feedback 
controls system is a major component to make LIGO 
work and its performance has been crucial to achieve the 
present sensitivity. 

INTRODUCTION 
Interferometric gravitational wave antennas are based 

on Michelson interferometers whose sensitivity to small 
differential length changes has been enhanced by adding 
multiple coupled optical resonators. The use of optical 
cavities is essential for reaching the required sensitivity, 
but sets challenges for the control system which must 
maintain the cavities near resonance. The goal for the 
strain sensitivity of the Laser Interferometer 
Gravitational-wave Observatory is 10-21 rms, integrated 
over a 100 Hz bandwidth centered at 150 Hz [1,2]. 

Figure 1: Schematic view of the optical path in LIGO. The light of a frequency stabilized Nd:YAG laser is passed 
through a triangular mode cleaner cavity before it is launched into a Michelson interferometer. To stabilize the laser 
frequency a small fraction of the light is sampled, doubly passed through an acousto-optic modulator (AOM) which 
serves as a frequency shifter, passed through a Pockels cell and sent to a reference cavity. Using a polarizing beamsplitter 
(PBS) and quarter-wave plate (λ/4) the light reflected from the reference cavity is measured by a photodetector to obtain 
the error signal, Sref, which in turn is used to adjust the laser frequency. The main laser light is passed through a pre-
modecleaner (not shown) and a series of Pockels cells which impose the phase-modulated rf sidebands used to lock the 
mode cleaner and the Michelson interferometer. The mode cleaner locking signal, SMC, is measured by a photodetector in 
reflection of the mode cleaner cavity. The light which passes through the mode cleaner is sent through a Faraday isolator 
(FI) which also serves the purpose, together with a polarizer (P), to separate out the reflected light signal, Srefl. The main 
interferometer consists of a beamsplitter (BS), two arm cavities each of them formed by an input test mass (ITM) and an 
end test mass (ETM), and the power recycling mirror (PRM). Additional locking signals are obtained at the 
antisymmetric port, Santi, and by sampling a small amount of light from inside the power recycling cavity, Sprc. 
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LIGO implements a power-recycled Michelson 

interferometer with Fabry-Perot arm cavities (see Fig. 1). 
Using optical cavities is essential in reaching the ultimate 
sensitivity goal but it requires an active electronic 
feedback system to keep them ‘on resonance’. The control 
system must keep the round-trip length of a cavity near an 
integer multiple of the laser wavelength so that light 
newly introduced into the cavity interferes constructively 
with light from previous round-trips. Under these 
conditions the light inside the cavity builds up and the 
cavity is said to be on resonance [3]. Attaining high power 
buildup in the arm cavities also requires that minimal light 
is allowed to leave the system through the antisymmetric 
port, so that all the light is sent back in the direction of the 
laser where it is reflected back into the system by the 
power recycling mirror. Hence, an additional feedback 
loop is needed to control the Michelson phase so that the 
antisymmetric port is set on a dark fringe. 

SENSITIVITY 
The current displacement sensitivities of the three 

LIGO detectors are shown in Fig. 2. The sensitivity above 
approximately 200 Hz is limited by shot noise of the laser 

light. Below about 40 Hz the sensitivity is limited by 
anthropogenic and seismic activities. The noise in the 
intermediate frequency band is not completely 
understood. Thermal noise, electronics noise, back 
scattering of stray beams and upconversion of low 
frequency excitations may all contribute. 

THE 5TH SCIENCE RUN 
The LIGO observatories consist of three detectors at 

two different sites. At the Hanford Observatory in 
Washington a 4 km and a 2 km long interferometer share 
the same vacuum envelop. A single 4 km long 
interferometer is implemented at Livingston site in 
Louisiana. 

The 5th LIGO science run started on November 4, 2005 
and ended on September 30, 2007. Just over 365 days of 
triple coincidence data have been acquired. A little more 
than 400 days of two site coincident data have been 
archived. The duty factor for the 4 km interferometer at 
Hanford was around 78%, it was about 79% for the 2 km 
interferometer at Hanford and it was about 66% for the 
Livingston interferometer. The triple coincidence duty 
factor was 53%, whereas the two site coincidence duty 
factor was 60%. 

Figure 2: LIGO sensitivity during the 5th science run. The three spectral curves represent the displacement sensitivity of 
the three LIGO detectors. The smooth curve represents the original goal as outlined in the LIGO proposal. Also, 
indicated is the sky-averaged range to detect the inspiral of two standard 1.4 Msol mass neutron stars with a signal-to-
noise of 8. 
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RESULTS AND CONCLUSIONS 
The data of the 5th science run are still being analyzed. 

Results from earlier runs are available in Refs. 4-26. 
Initial LIGO has achieved its major goals. Plans for the 

next generation advanced LIGO detectors are well 
underway. 

ACKNOWLEDGEMENT 
The authors gratefully acknowledge the support of the 

United States National Science Foundation for the 
construction and operation of the LIGO Laboratory and 
the Particle Physics and Astronomy Research Council of 
the United Kingdom, the Max-Planck-Society and the 
State of Niedersachsen/Germany for support of the 
construction and operation of the GEO600 detector. The 
authors also gratefully acknowledge the support of the 
research by these agencies and by the Australian Research 
Council, the Natural Sciences and Engineering Research 
Council of Canada, the Council of Scientific and 
Industrial Research of India, the Department of Science 
and Technology of India, the Spanish Ministerio de 
Educacion y Ciencia, The National Aeronautics and 
Space Administration, the John Simon Guggenheim 
Foundation, the Alexander von Humboldt Foundation, the 
Leverhulme Trust, the David and Lucile Packard 
Foundation, the Research Corporation, and the Alfred P. 
Sloan Foundation. 

REFERENCES 
[1] A. Abramovici, W.E. Althouse, R.W.P. Drever, Y. 

Gursel, S. Kawamura, F.J. Raab, D. Shoemaker, L. 
Sievers, R.E. Spero, K.S. Thorne, R.E. Vogt, R. 
Weiss, S.E. Whitcomb, and M.E. Zucker, “LIGO - 
the laser interferometer gravitational-wave 
observatory,” Science 256, 325–333 (1992). 

[2] B. Barish and R. Weiss, “LIGO and the Detection of 
Gravitational Waves,” Phys. Today 52, 44 (1999). 

[3] A. E. Siegman, Lasers, (University Science, Mill 
Valley, Calif., 1986), Chap. 13, p. 663. 

[4] B. Abbott et al., “Detector description and 
performance for the first coincidence observations 
between LIGO and GEO,” Nucl. Instrum. Meth. 
A517 (2004) 154–179. 

[5] B. Abbott et al., “First upper limits from LIGO on 
gravitational waves bursts,” Phys. Rev. D 69 (2004) 
102001. 

[6] B. Abbott et al., “Setting upper limits on the strength 
of periodic gravitational waves from PSR J1939 + 
2134 using the first science data from the GEO600 
and LIGO detectors,” Phys. Rev. D 69 (2004) 
082004. 

[7] B. Abbott et al., “Analysis of LIGO data for 
gravitational waves from binary neutron stars,” 
Phys. Rev. D 69 (2004) 122001. 

[8] B. Abbott et al., “Analysis of LIGO data for 
stochastic gravitational waves,” Phys. Rev. D 69 
(2004) 122004. 

[9] B. Abbott et al., “Limits on gravitational wave 
emission from selected pulsars using LIGO data,” 
Phys. Rev. Lett. 94 (2005) 181103. 

[10] B. Abbott et al., “A search for gravitational waves 
associated with the gamma ray burst GRB030329 
using the LIGO detectors,” Phys. Rev. D 72 (2005) 
042002. 

[11] B. Abbott et al., “First all-sky upper limits from 
LIGO on the strength of periodic gravitational waves 
using the Hough transform,” Phys. Rev. D 72 (2005) 
102004. 

[12] B. Abbott et al., “Search for gravitational waves from 
galactic and extra-galactic binary neutron stars,” 
Phys. Rev. D. 72 (2005) 082001. 

[13] B. Abbott et al., “Search for gravitational waves from 
primordial black hole binary coalescences in the 
galactic halo,” Phys. Rev. D. 72 ( 2005) 082002. 

[14] B. Abbott et al., “Upper limits from LIGO and TAMA 
detectors on the rate of gravitational wave bursts,” 
Phys. Rev. D. 72 (2005) 122004. 

[15] B. Abbott et al., “Upper limits on a stochastic 
background of gravitational waves,” Phys. Rev. Lett. 
95 (2005) 221101. 

[16] B. Abbott et al., “Upper limits on gravitational wave 
bursts in LIGO’s second science run”, Phys. Rev. D 
72 (2005) 062001. 

[17] B. Abbott et al., “Search for gravitational wave 
bursts in LIGO’s third science run,” Class. Quantum 
Grav. 23 (2006) S29–S39. 

[18] B. Abbott et al., “Search for gravitational waves from 
binary black hole inspirals in LIGO data,”  Phys. 
Rev. D 73  (2006) 062001. 

[19] B. Abbott et al., “Joint LIGO and TAMA300 Search 
for Gravitational Waves from Inspiralling Neutron 
Star Binaries,” Phys. Rev. D 73 (2006) 102002. 

[20] B. Abbott et al., “First cross-correlation analysis of 
interferometric and resonant-bar gravitational wave 
data for stochastic backgrounds,” Phys. Rev. D 76 
(2007) 022001. 

[21] B. Abbott et al., “Coherent searches for periodic 
gravitational waves from unknown isolated sources 
and Scorpius X-1: results from the second LIGO 
science run,” to appear in Phys. Rev. D. 

[22] B. Abbott et al., “Search for gravitational wave 
radiation associated with the pulsating tail of the 
SGR 1806-20 hyperflare of December 27, 2004 using 
LIGO,” Phys. Rev. D 76 (2007) 062003. 

[23] B. Abbott et al., “Search for gravitational-wave 
bursts in LIGO data from the fourth science run,” to 
appear in CQG. 

[24] B. Abbott et al., “Search for gravitational waves from 
binary inspirals in S3 and S4 LIGO data,” submitted 
to Phys. Rev. D. 

[25] B. Abbott et al., “Upper Limits on Gravitational 
Wave Emission from 78 Radio Pulsars,” Phys. Rev. D 
76 (2007) 042001. 

[26] B. Abbott et al., “Searching for Stochastic 
Background of Gravitational Waves with LIGO,” 
ApJ. 659 (2007) 918. 

TOAB04 Proceedings of ICALEPCS07, Knoxville, Tennessee, USA

Status Reports

70


