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Hunt for gravitational waves to resume after massive 
upgrade
LIGO experiment now has better chance of detecting ripples in space-time.

15 September 2015

Almost 100 years after Einstein presented the general theory of relativity in a Berlin lecture theatre, 

the quest to spot the gravitational waves he predicted may be entering its final stages.

This week, the world’s largest gravitational-wave facility is 

expected to start collecting data again after a 5-year US$200-

million overhaul. The Laser Interferometer Gravitational-Wave 

Observatory (LIGO) searched fruitlessly for these cosmic ripples

for almost a decade in the 2000s. But the odds that its improved 

version — known as Advanced LIGO — will detect any waves in the next three months may be as 

high as one in three, according to some of the physicists involved in the experiments.

Davide Castelvecchi

LIGO Scientific Collaboration/NSF 

The LIGO Livingston Observatory in Louisiana sits in the middle of a pine forest.
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Initial tests have shown that the observatory’s twin detectors, in Washington state and Louisiana, 

are performing as expected, says Gabriela González, spokesperson for the 900-strong LIGO 

Scientific Collaboration. And that is no mean feat for an instrument that has cost $620 million so far. 

“It’s the first time that anything in this field is on budget and on schedule,” says Karsten Danzmann, 

director of the Max Planck Institute for Gravitational Physics, in Hannover, Germany, who is not part 

of the LIGO management team.

According to general relativity, gravitation originates from the interplay between massive objects 

and the malleable fabric of space-time. Einstein predicted that accelerating masses such as 

colliding neutron stars or black holes would disturb that fabric and produce gravitational ripples that 

propagate through the Universe.

Each of LIGO’s detectors is designed to measure the deformation of space-time by comparing 

changes in the paths of laser beams that race down its two perpendicular 4-kilometre-long arms, 

bounce between mirrors and interfere with each other back at their source (see ‘To catch a wave’). 

When a gravitational wave passes through, it slightly alters the lengths of the arms, and the 

observatory can spot such changes with a sensitivity of one part in 1022.That is comparable to a 

hair’s-width change in the distance from the Sun to Alpha Centauri, its nearest star, says Laura 

Cadonati, a physicist at the Georgia Institute of Technology in Atlanta who will be coordinating the 

experiment’s data analysis.
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A crucial part of the improvement is better damping of the vibrations caused by less-than-heavenly 

sources. The problem was especially acute at the site in Livingston, Louisiana, which is in the 

middle of a timber plantation. Any felling of trees would disturb the detector, so it could keep its 

laser beams ‘in lock’ — vibrating at precise frequencies — only at night or on weekends. A passing 

train would knock the site out for an hour, says physicist Brian O’Reilly, who will coordinate the 

follow-up of detections at the Livingston site. But now, he says, the detector should be able to take 

data over several days at a time without interruption.

Advanced LIGO is already three times more sensitive than its predecessor, but in three months’ 

time it will shut down for more improvements that will make it ten times more sensitive. When it 

reopens around 9 months later, it should be able to spot cosmic ripples from cataclysmic 

events — such as the collisions of black holes — up to 120 megaparsecs (326 million light years) 

away on a regular basis and sample a volume of space 1,000 times greater than the original 

observatory.

Next year, LIGO will be joined by a slightly smaller €200-million (US$226-million) Franco-Italian 

detector near Pisa, Italy, called Advanced Virgo, which is undergoing its own upgrade. The LIGO 

and Virgo teams will pool their data to check each other’s detections. They expect to see waves 

from mergers of binary neutron stars — events that should generate strong, predictable 

signals — but do not know precisely how many to anticipate. “It could be, depending on the models, 

ten binary neutron star detections a year or so,” González says. “But it could be 10 times higher or 

100 times lower.”

“The first detections will be quite dramatic for us,” says Rainer Weiss, a theoretical physicist at the 

Massachusetts Institute of Technology in Cambridge who was one of LIGO’s founders. “The first 

thing we will need to sort out is whether we truly believe what we are seeing.”

Having detectors on different continents is crucial for providing a rough estimate of the origin of the 

waves, says Fulvio Ricci, a physicist at the Sapienza University of Rome and the spokesperson for 

Virgo. Once they know that, astronomers will be able to look for other signs of that event using 

electromagnetic radiation, such as X-rays or visible light.

Illustration: Nik Spencer/Nature
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Einstein published his first papers on gravitational waves in 1916. Detecting these ripples a century 

later, Weiss says, would be of “enormous symbolic importance”.

Nature 525, 301–302 (17 September 2015) doi:10.1038/525301a
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Brian Livingstone • 2016-02-11 05:56 PM

Jitso's comments are fair enough, so what does he think they have detected now ?

Jitso Keizer • 2015-09-16 06:21 PM

Those supposed waves are thought to correspond with the general theory of relativity. 

However a base of the latter is the equivalence principle and that is not correct. For a charge 

in a gravitational field does not radiate, but accellerated in a non-inertial system such 

happens. For more see The Quantum Theory of Gravitation (2003) by Vasily Yanchilin, who 

also maintains that restmass depends on the value of the gravitational potential of all 

masses in the universe and is not constant like Einstein cs thought. Namely a cloud of 

particles will compress by gravity and velocities increase. If rest mass stays the same then 

the inertia of the cloud would increase, which is impossible. The general theroy of relativity is 

descriptive and of mathematical character. A point, "origin of the big Bang"?, is also a 

mathematical concept and does not exist in nature since it has no dimensions. Assumed 

enormous concentration in the past with very swift processes disagrees with reality of so 

called black holes. Consider that a photon seeks to pass mass according the principle of 

least action with as big steps (oscillations of low frequency) as possible and a minimum of 

these. Near mass the unit of length decreases and distances become bigger. So the photon 

takes a curved route around mass through a zone where time (oscillations with low 
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frequencies) runs slower. Moreover the mass of the universe likewise will retard outgoing 

photons or c decreases. At the "edge" of the universe becoming zero and there everything 

looses speed and direction, becomes undetermined, gets into a total quantum mechanical 

state. Thus the new theory is that mass reduces the Heisenberg uncertainty and then gravity 

is interpreted qualitatively as a pure quantum mechanical process: In the half of a particle 

nearest to an external mass there will be less quantum mechanical transitions towards the 

farthest half than the other way. Net result is displacement of the particle towards the 

external mass. Now the question is whether such new theory can agree with gravity waves. 

There is no real vacuum in the universe because everywhere radiation is present and this 

might transport aspects of potential. A rest mass smaller than today around the Beginning 

makes the explosiveness then better understandable. If c decreases in the course of time 

due to the expanding universe then the standard supernova Ia has to be corrected, rejecting 

accellerated expansion. Negative energy too becomes phantasy and as it still plays an 

important role on universities ranking high on the international list of good education the 

latter needs revision. The same regarding scientific papers.
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