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1 Introduction

Albert Einstein, in his theory of general relativity published in 1915, predicted
the existence of gravitational waves as disturbances in spacetime caused by
the accelerated motion of massive objects. However, these waves were so weak
and had such a small amplitude that direct detection at the time seemed im-

possible. Therefore, these results were shelved for decades until they were
revisited for discussion in 1957 at the Chapel Hill Conference.|1]

2 Timeline

« 1916: Albert Einstein predicts the existence of gravitational waves as part
of his general theory of relativity.|2)]

« 1969: Joseph Weber initiates the first experiment to detect gravitational
waves using resonant bars.|3]

« 1974: Russell Hulse and Joseph Taylor discover a binary pulsar system,
winning the Nobel Prize for providing indirect evidence of gravitational
waves (1993).]3]

e 1980s-1990s: Controversial results emerge from Weber and others claiming
detections of gravitational waves, but without conclusive confirmation.|3]

« 1992:  LIGO (Laser Interferometer Gravitational-Wave Observatory)
project begins in the US to detect gravitational waves using laser
interferometers. 3]

« 2002: VIRGO in Europe starts operations as another gravitational wave
observatory.

« 2015: First direct detection of gravitational waves by LIGO, from the
merger of two black holes.|2
« 2017: First joint detection by LIGO-VIRGO of gravitational waves from

the merger of two neutron stars.|4]|5]

 2002s: Continued detections of astrophysical events via gravitational waves,
expanding our understanding of the universe.

3 LIGO and VIRGO detectors

LIGO[4] and VIRGO|5| are observatories designed to detect gravitational
waves. LIGOI4] consists of two identical interferometers in the United States:
one in Livingston, Louisiana, and the other in Hanford, Washington, each
with perpendicular arms of 4 km in length. Inside each arm, a laser beam is
split and sent through a series of mirrors. When a gravitational wave passes

through the Earth, it causes small variations in the distance between the
mirrors in the interferometer arms, altering the interference patterns of the
laser beams. These variations are detected by the sensitive instruments of
LIGO/4|.

Similarly, the VIRGO|5] detector is located in Santo Stefano a Macerata, in
the province of Pisa, Italy, and uses a laser interferometer with two perpen-
dicular arms, each 3 km in length. The laser beam in each arm is split and

reflected by mirrors at the ends. Similarly to LIGO4|, gravitational waves

change the distance between the mirrors in VIRGO’s|5] interferometer arms,
modifying the interference pattern of the laser beams, which is also detected
by precise instrumentation..

Figure 2: VIRGO in Santo Stefano a
Maceratal5|

Figure 1: LIGO in Livingston Louisiana|4]

4 Conclusion

Gravitational waves, predicted by Albert Einstein over a century ago, have
evolved from a theoretical idea into a scientific reality. Their direct detection
not only confirmed the general theory of relativity but also ushered in a new
era of universe exploration. From the first signals detected in 2015(2] to re-
cent advancements, gravitational waves promise to continue revealing secrets
about the nature of spacetime and the most extreme cosmic processes. The
future of gravitational wave research is promising, with new technologies and
international collaborations poised to further unravel the mysteries of the
COSINOS.
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