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ABSTRACT: The operation of a large-scale ground-based interferometer with Fabry-Perot
cavity has evolved in recent years as a result of advances in technology which helps in
increasing the sensitivity of the detector, through the use of multiple beam interference in the
optical system that is design for detecting gravitational wave signal easily from pulsar and
transient source of black holes and neutron stars. The present of quantum noise in the
interferometer causes stochastic fluctuations in the arrival time of the photons at the photo-
detector and this affect the signal-to-noise ratio, this noise effect can be overcome using
different approaches such as variational readout, squeezed light injection, finesse technigue.
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INTRODUCTION

The invention of first optical cavity for interferometer by Charles Fabry and Alfred Perot in
1897 with multiple-beam interference of optical resonance couple with high spectral resolution
of about ~10” which is well-developed, and can easily be used as a tool for controlling and
measuring wavelength of light as well as any optical wavelength used in studying of
electromagnetic structure in atomic size. The construction of large-scale ground-based
interferometer has been adopted in all part of the globe, with advancement in technological
output; it has helped in overcoming the accurate length measurement in the detection of
gravitational waves [1].

The understanding of any optical instrument toward gravitational-wave (GW) detecting in
several kilometres has leads to the application of advanced technologies, and significant
progress has been achieved ranging from single mirror of Michelson interferometer to linear
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two-mirror cavity of the Fabry-Perot interferometer, where signal amplification is the core
parameter in any terrestrial interferometer, the optical phase shift as well as the arm length
should be in proportionality to one another, thereby amplifying detectable level of signal
through increasing the arm length [2]. One of the advancements recorded in the detection of
GW is the use of Fabry-Perot interferometer.

Fabry-Perot interferometer, which consists of multiple beams, is an improvement on the two-
beam interferometer of Michelson, which is used in the study of the optical length in several
kilometres and in overcoming the precision limit of the Michelson interferometer of two-beam.
Much of the improvements are on the optical system with complex layout. The complexity in
the laser interferometer arises from the different component used in the assembling of the
device, ranging from the mirror, beam splitter, laser, photo-detector and so on, these multiples
of components are joined together in a single optical cavity system with narrow resonant
characteristics, leading to poor accuracy in wavelength of the signal at a very small separation,
and the sensitivity of the optical system of the ground-based interferometer are mostly affected
by the photon counting noise at a frequency of hundred Hertz [3,4].

Technical Requirement

The Fabry-Perot interferometer which uses the phenomenon of multiple beam interference
because of reflection and transmission of the laser light in the beam splitter. The core
requirement here is the optical system. Though, Fabry-Perot interferometer are optical
resonator which consist of high-resolution linear optical system with two reflective mirrors
attached to its end as test masses and has transmitive characteristics in such mirror. Fabry-Perot
interferometer can be described as a resonance used in accumulating electromagnetic wave
radiative energy using multiple reflective mirrors [5,6,7,8]

It is therefore necessary for this optical system to be design in such a way that in detecting
gravitational wave signal, the test masses used must be quieter at the arm length than the signal
itself as well as this test masses are position accurately to enable easy measurement and readout
processes. Consideration must be given to the power circulating in the cavity, which is
determined by the length of the cavity L, the wavelength of the laser A, and the reflectivity and
transmittance of the mirror used in the interferometer. Also the line-width must be consider as
its deals with the frequency at which the circulating power in the cavity is half maximum, this
relate to the finesse which deals with the spectral range of the line-width [3,9].

Signal We Seek to Detect

The use of ground-based laser interferometer as a device in detecting of gravitational waves on
electromagnetic observation has leads us to discover several astrophysical structures in the
universe, from the Einstein general relativity of accelerating mass, to other astrophysical
observables. Gravitational waves signal is energy from the collision or collapse of compact
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stars, such signal in the laser interferometer includes supermassive binary systems which are
product from core-collapse of supernovae which are very dense [10,11].

With the advent of gravitational wave and multi-messenger astronomy, a platform for the
research of the principle behind the formation of gravitational wave signal from binary black
holes and binary neutron stars has been created. The production of gravitational waves signals
from the binary system of binary black holes and binary neutron stars or neutron-star-black
hole binary (NSBH) have produce signal which can be categorized into four:

a. Compact binary coalescence: These are GW signal produced from the orbiting pairs of
the binary system by the mechanism of inspiral, where these pairs of binary system
orbit and emit energy in the process as a result of coming closer to one another, and
thereby merging as one source of gravitational wave signal. They are chirp signal which
are produced from the combination of neutron star with mass equivalent to 1.4 mass of
sun and black holes with mass ~100 mass of sun and having a frequency of the range
10Hz to few KHz.

b. Continuous: These are GW signal produced from a single spinning massive neutron
star of the binary system that are produced from the distortion in the black holes, If
these neutron stars are having the same frequency and amplitude, they produce a
continuous gravitational wave signal.

c. Stochastic: These are GW signal produced as a result of random moving pattern of
compact binary coalescence and continuous signal in the universe, their movement in
random pattern allowing them to mix with one another, thereby creating a stochastic
signal.

d. Burst: These are GW signal of unknown sources, these signals are yet to be detected
and there is no any modelled for detecting them yet, but we cannot rule out the
possibility of their existence completely [12,13,14].

4 Limiting Noise Source

The optical system of the ground-based laser interferometer has the capability of detecting
signal from the background, and as such, can encounter different sources of noise which must
be controlled and limit its presents completely as noise inside the optical system affects the
sensitivity of such detector. The laser interferometers which are used in high-precision
measurement are limited by the interferometric Standard Quantum Limit (SQL), which is the
guantum noise spectra at both high and low frequencies as a result of quantum nature of light.
The quantum noises are noise sources limiting the sensitivity of the ground-based
interferometer, because it originates from the measurement and readout processes of the signal,
which the interferometer seeks to detect. This quantum noise which affects the strain sensitivity
at high frequency is known as photon shot noise, found in the photodiode and the photon
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radiation pressure noise, found in the mirror of the interferometer which are known as phase
noise of the optical system [ 2,9,15].

Impact of Quantum Noise on Laser Interferometer

The quantum noise which occurs at both high and low frequencies are the limiting noise sources
in the ground based laser interferometer, which have impact on both operation and design of
the detector, as it affects in the stochastic fluctuations in the arrival time of the photons at the
photodetector, which have effects on the ratio of signal-noise, where the noise source is from
the fluctuation of the laser-light and the electromagnetic field. Also, fluctuation in the gas
density portion in the arm of interferometer affects the signal as a result of noise presents [2,9].

Overcoming the Noise Source

Initially, Standard Quantum Limit (SQL) was taught to be the ultimate limit for the sensitivity
of laser interferometer which cannot be overcome, but research has shown that SQL is only
limited to classical interferometer which can be overcome. Overcoming the noise source in
laser interferometer could be achieve through the signal-to-noise ratio, where the signal
amplification occurs without concurrent noise amplification, using destructive interference
technique to reduce or eliminate the noise completely in the quantum system, by using detuned
signal recycling or using quantum non-demolition configuration techniques, which enable
modern interferometer to measured sensitivity of the signal below SQL, since surpassing SQL
by the application of either purely phase or purely amplitude-squeezed light is not possible.
Equally, cancellation of radiation pressure noise by varying the readout angle of measurement
between phase quadrature and amplitude quadrature, thereby narrowing the band to achieve
sensitivity below SQL at different frequency, without affecting the sensitivity of the detector
is achieve by a technique known as variational readout. Other techniques of overcoming
quantum noise include: frequency dependent squeezing and finesse technique among others
[9,15,16, 17].

CONCLUSION

The ground-based laser interferometer with Fabry-Perot cavity has evolved as a result of
advances in technology in the optical system aiding in the sensitivity of the detector, this will
help in overcoming the quantum noise by beating the standard quantum limit through the
squeezing of light injection, variational readout and other techniques thereby helping in
maximizing the sensitivity of the interferometer at different frequency.
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