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A mile under Italy’s Gran Sasso mountain, scientists are seeking one of the
smallest objects in the universe—and one of the biggest prizes in physics: a
wimp.

A wimp—a weakly interacting massive particle—is thought to be the stuff of dark
matter, an invisible substance that makes up about a quarter of the universe but
has never been seen by humans.

Gravity is the force that holds things together, and the vast majority of it
emanates from dark matter. Ever since the big bang, this mystery material has
been the universe’s prime architect, giving it shape and structure. Without dark
matter, there would be no galaxies, no stars, no planets. Solving its mystery is
crucial to understanding what the universe is made of.

“If we don’t assume that 85% of the matter in the universe is this unknown
material, the laws of relativity and gravity would have to be modified. That
would be significant,” says physicist Giuliana Fiorillo, a member of the
150-strong team searching for the particles at the Gran Sasso National
Laboratory, 80 miles east of Rome.

The quest for dark matter has intensified since the discovery of the Higgs boson
particle two years ago, which helped to narrow the field in which wimps might
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be hiding. Today, more than 20 different teams of researchers are hunting for
the elusive stuff, using some of the most elaborate and delicate experiments ever
devised.

Dark-matter detectors have been installed on the sea bed nearly 8,200 feet
beneath the surface. Others operate deep inside mines. There is one on the
International Space Station. China’s new dark-matter experiment sits 1.5 miles
beneath a marble mountain. When it restarts later this year, the Large Hadron
Collider will look for wimps, too, by smashing together subatomic particles.

Scientists estimate that visible matter makes up just 4% of the universe, while
dark matter makes up 23%. The remaining 73% is an even bigger puzzle, a
repulsive force known as “dark energy.”

Dark matter neither emits nor absorbs light. We know it is out there, because
scientists can measure the immense gravitational force it exerts on stars,
galaxies and other cosmic bodies. The best candidate for what dark matter
consists of is the wimp: an ethereal being that barely interacts with normal
matter. Every second, billions of wimps flow through the Earth without hitting
anything.

So how do you catch one of these elusive ghosts? Researchers hope to detect a
wimp on the vanishingly rare occasion when one happens to smack into the
nucleus of an atom, leaving behind a telltale signal.

But the profusion of other forms of radiation can easily mimic the wimp signal.
That is why dark matter traps are often set in mines or deep beneath mountains.
Those places receive only one-millionth of the cosmic radiation that routinely
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hits the Earth’s surface. By burrowing down, scientists can eliminate a lot of the
background noise that might be mistaken for a true wimp signal.

The Gran Sasso lab is reached via a 6-mile-long tunnel beneath a mountain. The
entrance resembles a Bond villain’s hideout: massive steel doors, a guard station
and no sign of what lies behind.

The three giant caverns inside are the setting for several physics experiments.
One, called Opera, announced in 2011 the discovery of faster-than-light
particles—a breathtaking claim that turned out, embarrassingly, to be false.

Another experiment is Darkside-50, the effort to find wimps using a detector
filled with argon gas. The project, at a cost of $22.8 million, is a collaboration
among 17 U.S. institutions, the Italian Institute for Nuclear Physics and other
groups.

Darkside consists of three chambers nested one inside the other, like Russian
dolls. The outer shell is a three-story-high cylindrical tank filled with water.
Inside sits a room-sized steel sphere. Within the sphere is a wimp detector—a
roughly 3-foot-tall thermos containing about 110 pounds of liquid argon.

The idea behind this setup is that when a wimp smacks into an argon atom, it
will leave behind a revealing flash of light, which will be picked up by rows of
photodetectors inside the thermos.

And there lies the challenge: Those detectors pick up all kinds of signals all the
time. So far, none of them has been from wimps.

The false readings have several sources. Sometimes a detector picks up signals of
alpha, gamma and other radiation emitted by materials in the lab, including the
detector itself. Those have to be studied and eliminated.

An especially worrisome set of interlopers are particles called muons, which
enter the mountain via cosmic rays. When a muon hits an atom in the materials
surrounding the detector—the rock, say—it produces a neutron. When that
neutron smacks into an atom of argon, it results in a signal that is virtually
indistinguishable from the signal created by a wimp.

The water tank provides a way to pick out the muons. In such cases, scientists
check whether a wimp-like signal observed in the argon detector coincides
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exactly with the trail of a muon passing through the water tank. If it does,
researchers know that the signal seen in the argon detector was caused by a
muon-generated neutron, not a history-making wimp.

“Over a two-month period, we saw about four signals that looked like wimps,”
says Peter Meyers, a physicist at Princeton University and a member of the
Darkside team. “They all turned out to be neutrons.”

Promising signals, false alarms, skeptical rivals—these are the defining
characteristics of any dark-matter hunt.

Since 2008, scientists at a separate project—known as DAMA—at the Gran Sasso
lab have reported data that they say offers evidence for the existence of dark
matter in our galaxy. But since no experiment has been able to confirm their
results through direct detection, many physicists remain unconvinced.

In September, a team led by Nobel laureate Samuel Ting, a physicist at the
Massachusetts Institute for Technology, said that it might have found a hint of
dark matter by using a particle detector installed on the International Space
Station. But it is far from clear whether those results are from dark-matter
collisions or another cosmic source.

In a study published in December, another team said that it may have picked up
a dark-matter signal in X-rays emanating from galaxies, including our own Milky
Way. But that finding needs to be confirmed too. And just last week, scientists
from Stockholm University and elsewhere published a study providing evidence
for the presence of dark matter in the innermost part of the Milky Way.

One recent morning in their underground lab, a group of Darkside scientists
analyzed the latest data from the experiment. Dr. Fiorillo peered over a
colleague’s shoulder as a graph on a computer screen detailed the experiment
then under way.

Every second, the computer screen registered several signals emanating from
inside the argon detector—signs of particle collisions.

“Look at that signal—it’s unusual because it shows one particle interacting
twice,” said Dr. Fiorillo.

But her interest in the signal didn’t last long. “A wimp wouldn’t do that,” she
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said.
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