Gravity Kiss: The Detection of Gravitational
Waves

When Albert Einstein first introduced his theory of general relativity in 1915, it
shook the foundations of physics. One of the fundamental predictions of this
theory was the existence of gravitational waves - ripples in the fabric of spacetime
caused by the acceleration of massive objects. For over a century, scientists
searched for evidence of these elusive waves, until finally, in 2015, the
breakthrough discovery was made. And so began the era of gravitational wave

astronomy, forever changing our understanding of the universe.

Gravitational waves are often compared to a cosmic dance, an intimate embrace
between massive objects. When two massive objects, such as black holes or
neutron stars, orbit each other, they create ripples in spacetime that propagate
outward, much like the ripples created by a stone thrown into a pond. These
ripples, known as gravitational waves, carry information about the objects that
created them, providing a unique window into the most extreme and mysterious

regions of the universe.

The detection of gravitational waves is a technological marvel, requiring incredibly
precise measurements and advanced equipment. One of the most significant
breakthroughs in this field came with the construction of the Laser Interferometer
Gravitational-Wave Observatory (LIGO). LIGO consists of two L-shaped
detectors, located in Livingston, Louisiana, and Hanford, Washington. Each arm
of the detector is 4 kilometers long, and the entire apparatus is designed to
measure minuscule changes in the length of these arms caused by passing

gravitational waves.
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The first detection of gravitational waves by LIGO came on September 14, 2015.
The waves originated from the merger of two black holes located over a billion
light-years away. As these black holes spiraled towards each other, they emitted
gravitational waves that rippled through the universe. This historic event, known
as GW150914, confirmed Einstein's century-old prediction and opened up a new

era in astrophysics.

Since the initial discovery, LIGO has continued to detect gravitational waves from
various astrophysical sources. In 2017, a breakthrough discovery was made
when LIGO detected gravitational waves from the merger of two neutron stars.
This event, known as GW170817, not only confirmed the existence of
gravitational waves but also provided evidence for the production and emission of
heavy elements, such as gold and platinum, in these cataclysmic cosmic

mergers.

The detection of gravitational waves has revolutionized our understanding of the
cosmos, allowing us to observe events and phenomena that were previously

invisible. By studying the properties of gravitational waves, scientists can learn
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more about the nature of gravity, the formation and evolution of black holes and
neutron stars, the origins of the universe, and even test some of the most

fundamental physics theories.

But why are gravitational waves so important? One of the reasons is that they
provide a completely new way to observe the universe. Unlike traditional
telescopes that rely on light, gravitational waves can travel through regions of the
universe that are opaque to electromagnetic radiation. This means that we can
now study phenomena such as the collision of black holes and the birth of new

black holes in regions that were previously hidden from view.

Another crucial aspect of gravitational waves is their ability to probe the laws of
physics in extreme environments. When two massive objects merge, they create
incredibly strong gravitational fields. By studying the gravitational waves
generated during these mergers, scientists can test Einstein's theory of general
relativity and potentially uncover new physics that goes beyond our current

understanding.

The future of gravitational wave astronomy looks promising. With the
advancement of technology and the construction of new detectors, scientists
hope to detect gravitational waves from a wider range of sources. Future
missions include the Laser Interferometer Space Antenna (LISA),a space-based
observatory that will be able to detect lower-frequency gravitational waves and

observe larger portions of the universe.

The detection of gravitational waves has opened up a new window into the
mysteries of the universe. From the dance of black holes to the collision of
neutron stars, these ripples in spacetime have revealed a hidden world of cosmic
events. As we continue to explore and study gravitational waves, one thing is

certain - we are just scratching the surface of what lies beyond, waiting to be



discovered. So join us on this remarkable journey and prepare to be awestruck by

the captivating wonders of gravity's kiss.
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A fascinating account, written in real time, of the unfolding of a scientific

discovery: the first detection of gravitational waves.

Scientists have been trying to confirm the existence of gravitational waves for fifty
years. Then, in September 2015, came a “very interesting event” (as the cautious
subject line in a physicist's email read) that proved to be the first detection of
gravitational waves. In Gravity's Kiss, Harry Collins—who has been watching the
science of gravitational wave detection for forty-three of those fifty years and has
written three previous books about it—offers a final, fascinating account, written
in real time, of the unfolding of one of the most remarkable scientific discoveries

ever made.

Predicted by Einstein in his theory of general relativity, gravitational waves carry
energy from the collision or explosion of stars. Dying binary stars, for example,

rotate faster and faster around each other until they merge, emitting a burst of
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gravitational waves. It is only with the development of extraordinarily sensitive,
highly sophisticated detectors that physicists can now confirm Einstein's

prediction. This is the story that Collins tells.

Collins, a sociologist of science who has been embedded in the gravitational
wave community since 1972, traces the detection, the analysis, the confirmation,
and the public presentation and the reception of the discovery—from the first
email to the final published paper and the response of professionals and the
public. Collins shows that science today is collaborative, far-flung (with the
physical location of the participants hardly mattering),and sometimes secretive,

but still one of the few institutions that has integrity built into it.
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