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%, ut on a remote
‘tract of land In
i/ Hingoli district
.~ of Maharashtra,
well away from busy towns
and cities, work is on to set
up one of the most sensitive
detectors on the planet.

India’s Laser Interfer-
ometer Gravitational-Wave
Observatory (LIGO)
is expected to be un-
veiled by 2030 — the
third after the two in
the US. It will be an
engineering feat: over
100 acres of land would have
to be flattened to compen-
sate for Earth’s curvature;
the facility’s arms, each 4km
long, will be vacuum-sealed
to prevent air molecules
from disturbing the laser be-
ing beamed through them.
In the arms will be 40kg mir-
rors hanging on glass fibres
thinner than human hair
isolating them from all sur-
face vibrations.

It’s being built to detect
vibrations from space, first
confirmed 10 years ago.

On Sept 14, 2015, the two
US observatories picked up
a faint ‘murmur’ from space
that lasted just 0.2 seconds. It
was the remnant of a shock
wave from an explosion 1.3
billion light years away, trig-
gered by the violent merger
of two giant black holes.
Within milliseconds, three
times the mass of our Sun
was converted into gravi-
tational waves, which then
travelled to Earth unimped-
ed by galaxies, space dust
and debris, leading to the
first confirmed detection
of a black-hole collision.
This also confirmed Albert
Einstein’s 1916 prediction
that cataclysmic
events send invisible rip-
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10 Years Of Tracking Gravitational Waves: Observatory in Maharashtra’s Hingoli
Will Be Only Third Of Its Kind On Earth, Can Measure Universe’s Expansion Rate

India’s LIGO On Course to
Catch Ripples in Space-Time

LIGO sites use a highly
stable, specially designed
infrared laser to measure
distortions in space-time
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PRECISION TOOL
LIGO's photo detector
can spot variations in
the laser as small as
1/10,000th the width
of a proton, which is
like measuring hair
on the Moon

Gravitational waves are i
ripples from collisions of stars
or blaclk holes. Signal strength
depends on distance between Earth
and objects that triggered the signal

Having more detectors will
hoost source localisation; we'll
know where in the Universe
the waves have come from

~ Vibration sensors that allow LIGO to sense disturbances can be used
' tostrengthen bridges. Special coatings on the mirrors may enter
the aerospace sector. Its laser technology may one day improve medical
diagnostics — Debarati Chatterjee | cHAIR OF EDUCATION AND PUBLIC OUTREACH, LIGO INDIA

HOW 1T WORKS

1, Split the beam: A laser is
divided into two rays and
sent down 4-km vacuum
tunnels at right angles

2. Bounce hacle Mirrors at
each tunnel end reflect the
rays back to the detector

3. Recombine beams: The
two rays merge. If space
is undisturbed, their light
waves cancel out

4. Detect ripples: When a

gravitational wave passes,

it slightly shifts mirror

_ positions. The returning
rays no longer cancel —
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ples. through space-time.
The study of these ripples
will help answer fundamen-
tal questions: how old is the
Universe? What is it made
of ? What is dark matter?

LIGO at Hingoli would
be crucial to these investiga-
tions, scientists said.

“A detector on the other
side of the planet from the
American ones will dramati-
cally boost our ability to
localise gravitational wave
sources,” said Somak Ray-
chaudhury, astrophysicist at
Ashoka University.

“Good localisation means
telescopes can be swiftly di-
rected to exact sky regions,
enabling us to not only catch
the ‘when’ and ‘where’ of
black-hole collisions but
to understand what other
processes were unfolding,”

he said. Sanjit Mitra, LIGO-
India science spokesperson,
said Hingoli would be a
“game-changer”,

“Only one detection, in
2017, was followed up with a
telescope. With LIGO-India,
probability of that happen-
ing rises twentyfold, allow-
ing us to measure the Uni-
verse’s expansion rate more
accurately,” he said.

Raychaudhury and Mitra
refer to “multi-messenger
astronomy”, a combination
of gravitational-wave data
and telescope observations
to study cosmic events.

In 2017, when LIGO detec-
tors picked up ripples from
the merger of two neutron
stars 130 million light years
away, Nasa’s Fermi space tel-
escope captured high-energy
gamma rays from the same

event — just two seconds lat-
er. The swift response led to
the discovery that elements
like gold, platinum and sil-
ver are forged in such blasts.

University of Glasgow
physicist Giles Hammond,
who designed critical com-
ponents of LIGO detectors,
sald work is under way to
boost device sensitivity ten-
fold, to catch a “thousand
times more events”. He
pointed to plans for ‘Moon
LIGO’, where the quiet
of space would allow un-
matched precision.

The 2015 signal was from
1.3 billion light years away.
Researchers hope to one day
catch primordial ripples from
the first second after the Big
Bang, 13.8 billion years ago.
That, Mitra said, “would be
the holy grail of astronomy™.




