
 

 

7. Ligo: Science & Tech 
LIGO-India (Laser Interferometer Gravitational-Wave Observatory) is a cornerstone of India’s 

entry into "Big Science." While the project has faced recent administrative hurdles regarding its 
construction tenders, it remains a critical global asset for understanding the fabric of our universe. 
1. Background and Definition 
What are Gravitational Waves? 
Predicted by Albert Einstein in 1915 as part of his General Theory of Relativity, gravitational waves are 
invisible "ripples" in the fabric of spacetime. 
The Analogy: Imagine spacetime as a trampoline. If you bounce two heavy bowling balls (representing 
black holes) around each other, they create vibrations that travel outward across the surface. 
The Sources: These waves are generated by the most violent and energetic processes in the universe, 
such as the collision of black holes, the merger of neutron stars, and supernova explosions. 
What is LIGO? 
LIGO is a massive-scale physical experiment designed to detect these ripples. Since gravitational waves 
do not emit light, they cannot be seen by traditional telescopes. LIGO allows scientists to "listen" to the 
universe instead of just looking at it. 

2. Key Features of the LIGO-India Project 
LIGO-India is a collaborative project between the LIGO Laboratory (managed by Caltech and MIT 

in the USA) and several Indian institutions, including the Department of Atomic Energy (DAE) and the 
Department of Science and Technology (DST). 
The Mechanism: Laser Interferometry 
The observatory uses a technique called laser interferometry to measure distances with incredible 
precision. 
L-Shaped Design: The facility consists of two arms, each 4 km long, positioned at a perfect 90-degree 
angle. 
Ultra-High Vacuum: Each arm is a long tube containing a near-perfect vacuum to ensure nothing 
interferes with the laser beams. 
The Process: A single laser beam is split in two and sent down both arms. Mirrors at the ends reflect the 
beams back to a central detector. 
Detection: Under normal conditions, the beams cancel each other out (interference). However, when a 
gravitational wave passes through, it stretches one arm and compresses the other by a distance 
smaller than a proton ( 10^-18 meters). This tiny shift changes the interference pattern, signaling a 
detection. 
3. Significance of LIGO-India 
LIGO-India is not just a duplicate of the US facilities; it is a vital addition to the global scientific network. 
Scientific and Global Impact 
A New Window to the Universe: It allows for the observation of "dark" cosmic events like black hole 
mergers that are invisible to radio or optical telescopes. 
Source Localization (Triangulation): To find where a wave came from, scientists need multiple 
detectors far apart. Adding a node in Hingoli, Maharashtra, significantly improves the "triangulation" of 
signals, allowing astronomers to point traditional telescopes exactly where the event occurred. 
Strengthening Global Collaboration: It integrates India into a network that includes detectors in the USA 
(Hanford and Livingston), Italy (Virgo), and Japan (KAGRA). 
Domestic and Technological Benefits 
Boost to Scientific Capability: It positions India at the frontier of physics and astronomy, helping to 
prevent "brain drain" by providing world-class facilities at home. 
Technological Spillovers: The extreme requirements of the project drive innovation in: 



 

 

High-Precision Engineering: Manufacturing mirrors and sensors. 
Vacuum Technology: Creating some of the largest vacuum systems in the world. 
Data Science: Analyzing the massive "Big Data" sets generated by cosmic events. 
4. Challenges and Current Status 

The project is currently facing a critical transition phase from planning to physical construction. 
Construction and Tender Delays 
The EPC Tender: The Engineering, Procurement, and Construction (EPC) tender, valued at approximately 
₹1,600 crore, has yet to be awarded nearly a year after being floated. 
Financial Scope: The total approved budget for the project is ₹2,300 crore (with some estimates 
reaching ₹2,600 crore). 
Current Progress: As of early 2026, only the site office has been completed in Hingoli. 
Technical and Environmental Challenges 
Extreme Sensitivity: The mirrors are so sensitive that a truck driving miles away or a distant earthquake 
can ruin a measurement. This requires advanced seismic isolation technology. 
Engineering Precision: Maintaining a vacuum and stable laser path over 4 km with a precision smaller 
than a proton is a monumental engineering feat. 
Specialized Expertise: The project requires a deep pool of talent in photonics, precision instrumentation, 
and vacuum science, fields where India is currently scaling up its workforce. 
Comparison of Global Gravitational Wave Detectors 

Facility Location Status Key Contribution 
LIGO 
(USA) 

Hanford & 
Livingston 

Operational Pioneered the first detection in 2015. 

Virgo Italy Operational Improved global localization. 
KAGRA Japan Operational Uses underground and cryogenic 

technology. 
LIGO-
India 

Hingoli, India Under 
Construction 

Strategic location for superior triangulation. 

Source: https://indianexpress.com/article/cities/chandigarh/as-oil-firms-squeeze-commercial-
industrial-lpg-supply-punjab-industry-feels-the-heat-10573731/?ref=infini 
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