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A new telescope is buried more than a mile beneath the Antarctic ice.

When physicist Jim Madsen goes to work in Antarctica during the South Pole summer, he enjoys 
sunlight 24-7. That's ironic because his project, a giant telescope called IceCube, requires total 
darkness. But the round-the-clock sunshine doesn't affect IceCube, because it's located deep 
within the Antarctic ice. "You don't have to get very far beneath the surface," says Madsen, a 
professor at the University of Wisconsin, River Falls, "and it's pitch-black."

IceCube was designed to detect tiny invisible particles from space. "We have these particles that 
we think are the most abundant in the universe, but they're almost impossible to detect," he says. 
Almost ... but not quite. The IceCube team-hundreds of scientists from more than 30 countries-
has figured out that the ice-covered continent is a perfect place to detect the particles. With luck, 
the invisible cosmic messengers might offer clues to some of the biggest mysteries of the universe.
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Spread over a cubic kilometer of ice in Antarctica, IceCube is the largest neutrino detector in the world. The colored dots on this aerial 
view of the site indicate where long cables are suspended inside deep holes in the ice.

Blue Glow

IceCube isn't your typical telescope. It doesn't reveal details of Pluto's surface or take beautiful 
snapshots of distant galaxies. It doesn't even point toward the sky.

IceCube detects neutrinos.  Neutrinos are some of the smallest particles in the universe-tinier 
even than atoms. They're invisible, have hardly any mass and no electric charge, and interact very 
weakly with other particles.

Because of those properties, neutrinos zip easily around space. A neutrino can travel billions of 
miles through the cosmos, passing right through planets as it goes. Trillions of neutrinos are 
speeding through your body at this very moment.

Neutrinos are very hard to detect, says Madsen. To sense their presence, complete darkness and a 
large expanse of something clear are essential. Antarctica's deep, clear ice fits the bill perfectly.

IceCube is made up of more than 5,000 basketball-sized detectors called digital optical modules
 (DOMs). They're arranged on long cables, like beads on a string, with each cable suspended 
vertically inside a deep hole in the ice. Altogether 86 strings are suspended inside holes that extend 
as far as 2.4 kilometers (1.5 miles) below the surface.
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Most neutrinos zoom through ice unimpeded and undetected. Occasionally, though, one bumps 
into an ice molecule. When that happens, a muon is created. A muon, like a neutrino, is an 
elementary particle -a particle that can't be broken down into smaller particles.

When a muon speeds through ice, it generates a blue glow called Cherenkov radiation . Antarctic 
ice is so clean and clear that the DOMs can pick up that glow from a good distance, says Thomas 
Gaisser, a physicist at the University of Delaware. "You can see the light from 100 to 200 meters 
[328 to 656 feet] through the ice," he says.

The DOMs record data about every neutrino hit, enabling the scientists to see what direction the 
neutrinos came from and how much energy they carried. "The idea is to use neutrinos to learn 
about the universe," Madsen says.

John Jacobsen/NSF

Scientists string a digital optical module on a cable.

Mystery Matter

Neutrinos are released by high-energy events. Some neutrinos are created on Earth by the nuclear 
reactions in nuclear power plants. Some are created when cosmic rays  (high-energy, charged 
particles from space) collide with atoms in the atmosphere. Others are created in the sun.
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The IceCube scientists aren't focusing on neutrinos that emerge from those sources. They're 
hunting for neutrinos from distant, violent events such as supernovas  or gamma-ray bursts . A 
supernova is the death explosion of a massive star. A gamma-ray burst is a giant explosion that 
releases a blast of high-frequency electromagnetic radiation. Gamma-ray bursts occur once or 
twice a day somewhere in the universe.

What triggers those outbursts? Researchers have no idea, but IceCube might help them find out. "If 
there are neutrinos coming from gamma rays," says Madsen, "[IceCube] will tell us something 
about what could be producing all that energy."

IceCube might also help scientists understand dark matter . Dark matter is something believed to 
make up most of the matter in the universe. No one has ever seen it directly or figured out exactly 
what it is, however. But if dark matter is out there, then an opposing type of matter, called anti-dark 
matter, must be too.

When dark matter and anti-dark matter come together, says Madsen, they should obliterate each 
other, creating high-energy neutrinos. If IceCube can find those extra energetic neutrinos, it could 
help scientists determine dark matter's identity.

After seven years of construction, IceCube was completed a year ago. Researchers have now 
started poring over the data it has churned out so far. It's too soon, though, to say exactly what the 
telescope has found. The scientists are still figuring out how to identify which neutrinos are created 
in Earth's atmosphere and which ones come from space. "That's the tricky part," says Madsen.

"Up until now, nobody has had a telescope large enough that you could get this information," he 
says. "We're hoping we'll find something brand-new."
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Ice Picks - Comprehension Questions

Name: ___________________________________ Date: _______________

1. Why are the Ice Cube scientists focusing on neutrinos?

A. to understand the movement and origin of neutrinos in outer space

B. to understand what causes supernovas and gamma-ray bursts

C. to understand how a muon is created under the surface of the Earth

D. to understand more about nuclear reactions from power plants

2. What is the most detailed and informative description of Ice Cube as used in the 

passage?

A. It detects muons, which are particles that cannot be broken down into smaller 
pieces.

B. It took the scientific team seven years to create Ice Cube because it is the largest 
telescope of its kind.

C. It detects neutrinos and is made of over 5,000 digital optical modules  (DOMs ) 
arranged on long cables.

D. It is located deep beneath the surface of the Antarctic Ice where it is totally dark.

3. How would the author most likely describe the Ice Cube scientists?

A. intelligent but stubborn

B. persistent and pioneering

C. excited and hardworking

D. foolish but daring

4. Read the following sentences and answer the question below:

"Neutrinos are very hard to detect, says Madsen. To sense their presence, complete 

darkness and a large expanse of something clear are essential. Antarctica's deep, 

clear ice fits the bill perfectly."

In this context, what does the word essential mean?

A. interesting

B. helpful

C. necessary

D. unimportant
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5. The primary purpose of this passage is to

A. describe the details and function of a new telescope

B. inform people about Antarctic ice caps

C. persuade others of the importance of neutrinos

D. explain the origin of supernovas and dark matter

6. Why are neutrinos hard to detect?

7. How might Ice Cube benefit future scientists and other people studying space?

8. The question below is an incomplete sentence. Choose the word that best 

completes the sentence.

The Antarctic ice is very clean and clear; ______, Ice Cube can detect the blue glow 

created by muons through the Antarctic ice.

A. therefore

B. instead

C. however

D. obviously
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