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Analysis of light noise sources in a recycled
Michelson interferometer
with Fabry-Perot arms
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We present a method by which the effect of laser field variations on the signal output of an interferometric
gravitational wave detector is rigorously determined. Using the Laser Interferometer Gravitational Wave
Observatory (LIGO) optical configuration of a power recycled Michelsen interferometer with Fabry-Perot arm
cavities as an example, we calculate the excess noise after the input filter cavity (mode cleaner) and the de-
pendence of the detector strain sensitivity on laser frequency and amplitude noise, radio frequency oscillator
noise, and scattered-light phase noise. We find that noise on the radio frequency sidebands generally limits

the detector’s sensitivity. © 2000 Optical Society of America [S0740-3232(00)01401-0]

OCIS codes: 120.2230, 120.3180.

1. INTRODUCTION

~ The search for astrophysical sources of gravitational ra-
diation will employ long-baseline laser interferometers.
These include the Laser Interferometer Gravitational
Wave Observatory® (LIGO), the VIRGO project,? the
TAMAS300 project,® and the GEO600 project.®* All of
these will employ a variant of a Michelson interferometer
illuminated with stabilized laser light.. The light will be
phase modulated at radio frequency (rf), producing modu-
lation sidebands about the carrier frequency that provide
a phase reference for sensing small variations of the in-
terferometer arm lengths.® Gravitational radiation will
produce a differential length change of the arms of the
Michelson interferometer, causing a signal .at the output
port.

In Fig. 1 we show the configuration of the LIGO detec-
tor. The light from a stabilized laser source is phase
modulated before it enters a triangular filter cavity (re-
ferred to as a mode cleaner), which is tuned to transmit
only the TEM,, spatial mode of the beam. The light then
enters the interferometer, which comprises an asymmet-
ric Michelson interferometer with Fabry—Perot arm cavi-
ties. The use of arm cavities serves to resonantly en-
hance the phase shift of light caused by a change in arm
length. An asymmetry in the Michelson lengths trans-
mits the rf sidebands to the output photodetector, where
they beat against carrier light that is phase shifted from a
differential arm length change. Demodulation of the
photocurrent at the modulation frequency gives an output
signal. An additional mirror placed between the laser
and the beam splitter increases the total light power
available to the arms by forming a recycling cavity to-
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gether with the beam splitter and arm cavity input
mirrors.® ;

The presence of noise at the interferometer output :
must be held below the desired strain sensitivity. The
primary noise sources that define the interferometer’s
sensitivity are seismic noise at frequencies below 100 Hz,
thermal noise roughly from 100 to 300 Hz, and photon
counting noise at frequencies greater than 300 Hz.
Light-noise sources are those that, if properly suppressed,
will not limit the strain sensitivity. In particular, varia-
tions in the phase and amplitude of the laser electric field
used to probe the cavity lengths must be carefully con-
trolled, because small interferometer imperfections such
as differential arm cavity losses and deviation from fringe
center of the cavity lengths can cause spurious phase
shifts and couple to the light noise to produce an output at
the gravitational wave (gw) signal output.

In this paper we calculate the induced noise from the
following sources of noise on the laser light: frequency,
amplitude, rf oscillator, and backscattering from the
vacuum enclosure. The approach is to write the noise as
frequency components of the light, phase modulate the
light, and propagate the resultant frequency spectrum
through the mode cleaner and to the interferometer sig-
nal port, carefully evaluating the resultant phase shifts
encountered. We then evaluate the light intensity at the
photodetector and demodulate the resultant output.
This approach is used to investigate noise couplings in the
first-generation LIGO interferometer but may be applied
to other interferometer configurations. - In Section 2 we
show the effect of the noise on the frequency spectrum of
the light, including both the carrier and the rf sideband
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