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It’s hard to sell a scientific project on the 
basis of the unexpected things it may 
discover. When scientists want money to 
build an expensive new instrument, fund-
ing bodies unsurprisingly want to know 
what they hope to find. 

For instance, the Large Hadron Collider was built to 
find the Higgs particle, while the Laser Interferometric 
Gravitational-Wave Observatory (LIGO) was constructed 
to detect gravitational waves, specifically those coming 
from the violent merger of compact astronomical objects 
such as black holes. 

But the discoveries that nobody expects are by far the 
most exciting ones. The history of science teaches us that 
the Universe is full of magical things patiently waiting for 
our wits to grow sharper.

The latest example of an unexpected discovery comes 
from the two LIGO gravitational wave detectors in the US, 
now working in concert with the Virgo interferometer in 
Europe. Gravitational waves, by the way, are ripples in the 
fabric of space-time predicted by Einstein in 1916. Think 
of them as the voice of space. Whereas we have always 
been able to “see” the Universe, gravitational waves enable 
us for the first time to “hear” it.

LIGO/Virgo was sold on the promise that it would de-
tect gravitational waves from coalescing black holes. And 
that is what it did. On 14 September 2015, a shudder went 
through giant detectors in the US – the unmistakable sig-
nature of a such an event. However, the builders of LIGO/
Virgo did not design it simply to look for the signature of 
coalescing black holes. They also set it up to detect sudden 
bursts of gravitational waves.

This is what LIGO/Virgo just found: the unexpected. 
The tenth-of-a-second-long burst picked up on 21 May 
2019, but announced only recently, had a power equivalent 
to 100 times that pumped out by all the stars in the Uni-
verse combined. Or, to put it another way, had the event 
generated visible light, rather than a tsunami of tortured 
space-time, it would briefly have shone 100 times brighter 
than the entire Universe. This makes it the most powerful 
event ever witnessed by human beings.

Having said that the burst was unexpected, one inter-
pretation is that it came from a black hole merger, but of 
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two monsters of unprecedented size: 66 and 85 times the 
mass of the Sun. The difficulty here is that no “supernova” 
– the kind of catastrophic stellar explosion which leaves 
behind a black hole relic – could create a black hole as 
big as 85 solar masses. According to theory, any star big 
enough would in fact blow itself apart, leaving nothing 
but empty vacuum. One possibility is that the 85 solar-
mass black hole was itself formed in an earlier black hole 
merger, but this is thought to be unlikely. Or that it was 
not spawned by a star at all but is a “primordial” black hole 
created billions of years earlier in the Big Bang.

Exciting as these possibilities are for astrophysicists, 
there remains the tantalising possibility that what we are 
seeing has nothing whatsoever to do with black holes. 
We could, for instance, be observing gravitational waves 
from a writhing “cosmic string”, a hypothetical fault line in 
space-time left over from the Big Bang. Or something so 
strange that no one has yet imagined it.

The LIGO/Virgo signal, named GW190521 (sorry, as-
tronomers can be a little unimaginative) is a reminder 

of why scientists build their experiments. Whenever an in-
strument probes a new range of energy or temperature or 
size, unexpected discoveries are almost always made. 

After  the Second World War, when radar scientists 
adapted their technology to observe the Universe, no-
body expected to pick up the radio “afterglow” of the Big 
Bang fireball in which the Universe was born, 13.82 billion 
years ago. When gamma-ray satellites were put in orbit to 
detect clandestine Soviet nuclear bomb tests, nobody ex-
pected them to find bursts of gamma rays coming from 
random points in the sky once a day, which we now know 
are caused by the collision of super-compact neutron stars. 

You could say that the €5 billion Large Hadron Collider 
at CERN, the European centre for particle physics near 
Geneva, is the exception that proves the rule. It was built 
to find the Higgs and – to the dismay of particle physicists 
– the Higgs is all it has found.

Experiments are conducted not simply to confirm our 
prejudices, but to make discoveries that force us to over-
turn all that we previously knew. Funding agencies should 
do more to look beyond the predictable. Scientists know 
that the ultimate prize is the unexpected. l


