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Focus | SCIENCE

S
cientists hoping to
detect dark matter
deep in a former
South Dakota gold

mine have taken the last
major step before flipping
the switch on their delicate
experiment and say they
may be ready to begin col-
lecting data as early as Feb-
ruary. 

What’s regarded as the
world’s most sensitive dark
matter detector was low-
ered earlier last month into
a 70,000-gallon water tank
nearly a mile beneath the
Earth’s surface, shrouding
it in enough insulation to
hopefully isolate dark mat-
ter from the cosmic radi-
ation that makes it impossi-
ble to detect above ground. 

And if all goes as
planned, the data that be-
gins flowing could answer
age-old questions about the
universe and its origins, sci-
entists said. 

WHAT’S THE DEAL WITH
DARK MATTER?

Scientists know dark
matter exists by its gravita-
tional pull, but unlike regu-
lar matter and antimatter,
it’s so far been undetecta-
ble. Regular matter ac-
counts for about 4 percent
of the universe’s mass, and
dark matter makes up
about 25 percent. The rest
is dark energy, which is also
a mystery. 

WHAT’S THE HISTORY
OF THIS EXPERIMENT?

The search in South Da-
kota began in 2003 after the
Homestake Gold Mine in
the Black Hills’ Lead, S.D.,
shuttered for good. Scien-
tists called dibs on the site,
and in July, after years of
fundraising and planning,
the Large Underground Xe-
non experiment detector
moved into the Sanford Un-
derground Research Facili-
ty, 4,850 feet below the
earth’s surface. 

Carefully submerging
the delicate detector into
its final home – a water-
filled vat that’s 20 feet tall
and 25 feet in diameter –
took more than two
months, a graduate student
said 

WHAT’S NEXT?
Keeping the water and

xenon pristine will help re-
move what scientists called
“fake sources” – or stuff
that they have seen before,
such as radiation, that
could serve as false alarms
in their efforts to detect
dark matter. 

Once the data start to
flow, it’ll take a month or
two before the detector is
sensitive enough to claim
the “most-sensitive” title.
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Davis lab
Scientists are searching for WIMPs in the 
former Homestake gold mine beneath 
the Black Hills of South Dakota.

Cosmic radiation: Dark 
matter detection must be 
conducted deep underground 
to avoid tainted results from 
cosmic radiation, sub-atomic 
particles from the universe, 
that constantly bombards the 
earth’s surface.

Davis Lab: First used by Ray Davis 
Jr. in his Nobel Prize-winning 
experiment to detect solar 
neutrinos, ghostlike particles 
produced in the nuclear reactions 
that power the sun. The lab, 
4,850-feet below the Earth, offers 
10 million times the shielding from 
cosmic radiation.

Shielding tank
A large tank contains the experiment, shielding it 
from possible radiation from the cavern walls.

Dark matter 
detector
The detector is isolated enough to 
observe collisions between dark 
matter and xenon.

Light sensors
Two arrays of 61 photomultiplier tubes 
line the top and bottom of the detector.

Tank: A 20-feet tall by 25-feet diameter 
stainless steel tank holds the LUX detector, 
shielding it from small natural amounts of 
radiation from surrounding rock.

Light detectors: Twenty 10-inch 
photomultiplier tubes watch for incoming 
radiation so scientists can screen out 
these false positive events.

Reflective material lines the tank to 
aid the light detectors in detection. 

Tank: A double-walled titanium 
6.5 by 3 foot tank for containing 
the experiment.

Cooling system: A closed-loop 
nitrogen system uses gravity to 
retrieve, cool and return xenon 
to the tank.

Xenon: About a third of a 
ton of xenon is kept in a 
liquid state at -160ºF.

Xenon and dark matter reaction: 
A collision between dark matter 
and Xenon triggers a flash of light.

Light wave released: The 
Xenon-dark matter collision also 
triggers a light wave that drifts 
to the surface of the detector.

3D modeling: By comparing data 
from the initial reaction, and 
subsequent light wave release, 
scientists can find the vertical and 
horizontal location of the reaction.

Photocathode: As a light wave 
strikes the photocathode, it 
emits photoelectrons into the 
vacuum-sealed tube.

Multiplier: Photoelectrons 
are increased by 1-10 million, 
allowing the sensor to detect 
very small amounts of light.

Anode: Light is turned 
into an electronic signal.

Stem: Electronic signals are 
transmitted to computers that 
log, visualize and filter the data.

Two theorized types:

Detector

Light sensor array

Light sensor

Dark matter

WIMPs: Weakly interacting 
massive particles believed to 
have been created during the 
big bang.
� The particles can pass freely 
through ordinary matter without 
any effects (such as traveling 
straight through the Earth).
� Scientists estimate 100,000 
dark matter particles per second 
pass through every square 
centimeter of the Earth.
� Scientists look for WIMPs by 
watching for collisions between 
the particles and gases, such as 
xenon.

MACHOs: Massive compact 
halo objects believed to have 
resulted from supernovae.
� Range in size from small stars 
to super massive black holes.
� Made up of ordinary matter 
(such as protons, neutrons and 
electrons).
� Scientists look for MACHOs by 
watching for differences in light 
when observing planets, in the 
event the dark matter objects 
pass in front of the planets.

What we know:
� It is dark – we cannot detect 
dark matter by standard, x-ray 
or infrared imaging.
� It is colorless, odorless, 
tasteless and chemically inert.
� It is not in the normal form of 
matter.
� It is not antimatter, because 
if it was, unique gamma rays 
would be detected as it would 
annihilate regular matter.
� It interacts with visible 
matter gravitationally.

SEARCHING THE DARK
Eighty-five scientists are in the final stage of set-up before turning on a 
detector to look for a type of dark matter. The matter is said to com-
pose as much as 22 percent of the universe, but it has so far eluded 
direct detection. The collaboration brings together 85 researchers 
from 17 universities and laboratories in the U.S. and Europe.

Anode: Light is turned
into an electronic signal
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Experiment timeline
2009: Construction 
begins underground.

2009

2010

201 1

2012

2013

July 2012: 
Tank installed.

November 2012: 
Tank filled with water.

December 2012: Testing 
of electrical equipment.

Early 2013: Scientists 
will begin using the device 
to search for dark matter.

Why it matters: 
Detection of dark matter will 
prove, or disprove, theories 
about how the universe works.

Composition of the 
cosmos:

Water: The tank is filled with 
more than 70,000 gallons of 
ultra-pure, de-ionized water, 
offering protection against 
external radiation down to 
roughly one possible false 
positive every three years.

 Known matter 
stars, heavy elements, 
helium, free hydrogen

22% DARK MATTER
believed to be large 
numbers of not-yet-

identified tiny particles

74% Dark energy 
unexplained “repulsive 

force” driving galaxies apart 
at an increasing rate

4%

Photoelectrons

Light

SOUTH DAKOTA IS
THE CURRENT
FOCAL POINT IN
THE SEARCH FOR
DARK MATTER. 
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