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e hope someday to hurl ourselves
to the far reaches of space. Until
we do, many of us regard the uni-
verse as “out there” — as a distant,
separate entity from Earth. Indeed,
not many years ago, Earth was seen as unique
and distinct from all alien realms. We have life,
liquid water, the proteins that make up cells, and
lots of free oxygen, while no other place in the
known cosmos seemed to have any of these. It
very much jibed with the traditional view that we
were created as a “world apart.”

Finding liquid water on several moons and
amino acids in nebulae and comets struck a big
blow to the “Island Earth” mindset. But those
were merely first steps in our revised thinking.
The inter-relatedness of our world to the larger
universe truly becomes clear when we ponder an
amazing reality: Pieces of the cosmos continu-
ously zoom through our bodies. This means the
universe is already right here. It’s flying through
our very brains at this moment.

It would be crazy to ignore these nonstop
physical fragments that started out on distant
celestial bodies. It’s a story that starts with the
amazing account of how we learned about them
— even if they still brim with mind-twisting
mysteries.

Radiation from on high

A 29-year-old physicist named Victor Hess dis-
covered cosmic rays. A bit of a prodigy, he gradu-
ated with a Ph.D. from the University of Graz
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This diagram shows the ways in which heavy atoms fused in a supernova
explosion decay into secondary particles. This process occurs in cosmic
rays, which, despite the name, are energized, radioactive particles. Because
they’re not a single particle, they can break into smaller and smaller con-

in 1910, at the age of 23. He was determined to
study under Paul Drude, who gave the speed of

stituent parts as they interact with other matter. Individual particles may
even break away from the atom. astronomy: Roen keLLY

light as ¢, until Drude’s suicide, at which point
Hess instead accepted a teaching position at the
University of Vienna. The recent discovery of radium by the
Curies had created a global sensation, and Hess began a seri-
ous study of the hottest issue in physics: radiation. He was
fascinated that charges were regularly detected inside elec-
troscopes, even when no radioactive elements were nearby
and no matter how well those containers were insulated. The
accepted explanation at the time was that earthly minerals
emitted periodic radiation that caused such readings. If this
were so, the creation of electric charges should diminish if
measurements are taken farther from the ground.

A widely accepted scientific paper spelled it out: Assuming
an even distribution of radioactive rocks on Earth’s surface,
at an elevation of 10 meters (about 33 feet, or around three
stories high) the measured radiation should fall to 83 percent
of the ground value. At a height of 1 kilometer (just under
3,300 feet), only 0.1 percent of the initial value should remain.

But a few scientists saw just the opposite. In 1910,
Theodore Wulf took electroscope readings at the bottom
and top of the Eiffel Tower. He found far more ionization at
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the top (984 feet, or 300 meters) than one would expect if
this effect were solely attributable to ground radiation.

Could a major source of this ionization be in the sky
rather than the ground? Hess mounted his instruments in a
hot-air balloon and made a series of ionization measure-
ments in 10 ascents over three years, starting in 1911. He got
the same results each time. Radiation activity first dimin-
ished as his balloon ascended, but then started to rapidly
rise. When he’d reach an altitude of 17,000 feet (just over
3 miles, or 5km) the readings were always at least twice as
great as at the surface. In a published scientific paper, Hess
announced that “a radiation of very high penetrating power
enters our atmosphere from above.”

He needed to gather more information, and Hess was no
coward. He conducted one perilous flight at night to elimi-
nate the Sun as a cause of the radiation. Sure enough, his
readings remained just as strong after nightfall. He also went
up April 17, 1912, during a near-total solar eclipse, when
most of the Sun’s energy was blocked by the Moon. The radi-
ation flux again did not decrease.

Hess had no choice but to conclude in 1913 that the radia-
tion must arrive not from the Sun, and not from earthly
rocks, but from deep space. Over a decade later, Hess’ find-
ings were confirmed by Robert Millikan, who dubbed the
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What’s the difference?

Gamma rays and cosmic rays are both associated with stellar
events, but aside from the word “ray,” the two phenomena are
radically different. Here's a breakdown of what makes a gamma
ray and what makes a cosmic ray, and their key differences.
ASTRONOMY: ROEN KELLY
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3 Are made of photons.

4 Tend to travel in a
straight line.

mysterious radiation “cosmic rays.” Hess went on to win the
1936 Nobel Prize in physics for his work on cosmic radiation.

Hess didn’t quit when he got the Nobel. After receiving
threats from Nazis (his wife was Jewish), Hess immigrated
into the United States, where he became a professor at
Fordham University. He continued testing for radiation after
the bombing of Hiroshima, and even conducted measure-
ments from the 87th floor of the Empire State Building. He
kept contributing to the field until his death in 1964.

The east-west effect
Millikan had assumed Hess’ high-energy entities were a
form of invisible light, probably gamma rays. But while the
detections were real, Millikan’s explanation was shortly
proven wrong. In 1927, investigators found that cosmic-ray
intensity varied with one’s distance from the equator. This
wouldn’t make sense if the rays were a form of light. But it
would be reasonable if they were deflected by our planet’s
magnetic field. Thus, they must be some kind of charged
particle and not any kind of photon or ray.

Nonetheless, the term “ray” tenaciously stuck, and it
remains in common use today. Then in 1930, an even
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weirder phenomenon emerged. Scientists started to see a
difference in intensity between cosmic rays arriving in our
atmosphere from an easterly direction and those streaming
in from the west. This “east-west effect” indicated that not
only do cosmic-ray particles carry a charge, but they must
have a positive charge. That means they are mostly protons,
or hydrogen nuclei.

By the end of World War II, researchers had more or less
determined the true composition of cosmic rays. It wasn’t
pretty. Ninety percent are protons, the nuclei of hydrogen
atoms. About 9 percent are alpha particles, hefty globs con-
taining two protons and two neutrons, the nucleus of a
helium atom. Rarer cosmic rays are the nuclei of yet heavier
elements, making up about 1 percent of all cosmic rays.
Their overall composition mirrors the makeup of the uni-
verse! Apparently a fairly accurate sample of the cosmos
steadily arrives at Earth equally from all directions, before
our magnetic field starts channeling it.

One percent are ordinary electrons, and this was extremely
weird. It made no sense back then, and it remains just as
bewildering today. Protons and electrons are both expelled by
the Sun, and there are just as many electrons as protons in the
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As a cosmic ray moves through our atmosphere, more and
more interactions occur, causing the atom at the heart of the
ray to break down into smaller and smaller atoms. In the pro-
cess, their energy is also slowed down, posing less and less of
a danger on their path down. By the time most cosmic rays hit
the ground, they are harmless to most humans and animals.
ASTRONOMY: ROEN KELLY

universe. So why are cosmic rays not composed of 50 percent
electrons? What happened to virtually all of them?

Moreover, the super-high energies of many of the cosmic
rays could not have a solar origin. So right from the begin-
ning, astrophysicists assumed that most come from far, far
away in supernova blasts and other violent places, such as
the explosive cores of some galaxies and the collapse of black
holes. Still, a small percentage of cosmic rays have unbeliev-
able energies that defy any explanation.

Unreasonable energy
A cosmic ray’s energy is measured in megaelectron volts
(MeV) or gigaelectron volts (GeV) — millions or billions.
(One electron volt is the energy acquired when an electron
is accelerated through 1 volt of potential. This sounds like
we're talking about electricity, but remember, electricity is
simply the motion of electrons, so it actually makes sense.)

Cosmic rays from the Sun are usually weaker except
when a huge explosion, like a coronal mass ejection, throws
major solar material our way. Still, galactic cosmic rays are
generally more powerful than the solar brand, with energies
between 100 MeV and 10 GeV. Since 90 percent of cosmic
rays are protons, and all possess exactly the same mass (each
weighing 1,836 electrons), why should any given proton
have more energy than any other?

It can only be explained one way: by zooming at a differ-
ent speed. When we’re talking cosmic-ray energy, we're
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simply discussing speed. If a cosmic ray has an energy of
100 MeV, it must be moving at exactly 43 percent of the
speed of light, which is impressively fast. Yet many cosmic
rays have energies of 10 GeV, and this corresponds to 99.6
percent of the speed of light.

It’s common sense that a faster-moving object can do
more damage than a slow one. The highest-energy cosmic
rays have the amazing power of 1,020 eV. Each delivers the
same energy as getting hit by a well-flung fastball— but
packed into the tiny impact zone of a single proton! Many of
these are scattered by the upper atmosphere, but if one
landed, what would that do to one of your DNA strands?

Not served at health food stores

If you were to itemize your annual exposure to natural
radiation, half of it would come from the ground. A small
percentage emanates from within our own bodies — from
food, water, or other sources (such as potassium-40 in
bananas). But about one-tenth of this ongoing radiation
penetrates us from above, and consists of these cosmic rays.
As Hess discovered, they’re more intense the higher up we
go. So those who live at high altitudes, like Denver, get twice
the cosmic radiation exposure of those below.

It’s even worse for those who spend a lot of time above
Mount Everest: You're exposed to extra radiation when you
travel by plane. And what about career pilots and flight
crew? Thanks to cosmic rays, they get twice as much radia-
tion as the rest of us. It’s frequent flyer radiation. It trans-
lates into a 1 percent higher cancer rate than the general
population.

It can get even worse. The heaviest cosmic ray intensity
streams in from deep space in spurts. Much of this is usually
deflected by a boundary at the edge of the solar system called
the heliopause, a shock wave where the outrushing solar wind
goes from supersonic to subsonic. But the Sun’s power, which
provides this barrier, varies with its 11-year solar cycle. Thus,
the intensity of cosmic rays at Earth also varies, in anti-
correlation with the sunspot number.

When the Sun gets wimpy — which has generally been the
case during our current extraordinary period of solar quiet
that started around 2000 — this termination shock zone
becomes weaker, and its protective barrier becomes much
more porous. That’s why deep-space cosmic rays are currently
streaming to Earth with a greater intensity than normal.

During particularly powerful solar flares when the Sun
itself cranks up its cosmic-ray flux, jetliners flying polar
routes are bombarded with extra radiation. In such periods,
you do not want to be an astronaut or a future martian colo-
nist. During the half-year trip to Mars, you'd be particularly
vulnerable. A severe cosmic-ray bombardment could pro-
duce truly hazardous radiation levels in transit.

When the 27 Apollo astronauts — in groups of three —
sped outward from Earth between 1968 and 1972, they
experienced something no human had ever been subjected
to, before or since. They ventured beyond the magneto-
sphere, Earth’s protective magnetic field. The results were
unexpected and bizarre. Each astronaut saw flashes of light
in their field of vision every 2.9 minutes. NASA physicians
had an immediate theory that was later verified. Powerful
cosmic rays were zooming through the liquid in the astro-
nauts’ eyeballs.



Reality vs. myth

In comic books, cosmic rays
are a source of mutation and
transformation. Real life is, of
course, a little murkier. On the
ground, most cosmic rays have
been slowed down and cause
little harm. However, here are

a few known effects. astronomy:
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HEARTACHE

An increase of heart disease was
reported among Apollo astro-
nauts who traveled out of the
protective barrier of Earth.

CANCER RISK

A 2015 study correlated cosmic
ray activity to increased cancer
risk in utero, damaging the devel-
oping fetus and giving predispo-
sition to cancer later in life.

DNA BREAKDOWN

Cosmic rays can break down DNA
in the body. Over the long term,
in deep space, this could increase
cancer risk in astronauts.

Would cosmic rays be a stopper?

By the late 1940s and early 1950s, cosmic rays were deemed
a serious hazard to any living organism that ascended above
our atmosphere — and might well be the absolute “stopper”
when it came to human space flight. To find out, the U.S.
Air Force — in a project using captured German V-2 rockets
and led by Capt. David Simons working under Col. James
Henry — first sent organisms like fruit flies and mice, and
then primates, to the upper regions of the atmosphere.

The first monkey flight was on June 11, 1948, and by
1954, researchers had switched to high-altitude balloon test-
ing. But still the hazard remained unknown. The animal of
choice then became an odd kind of black mouse, because
the radiation would destroy the pigmentation in individual
fur follicles, immediately turning them white.

By the following year, and now largely using Java mon-
keys, Simons had completed dozens of test flights, and the
animals were returning to Earth unharmed. It was only in
that year, 1955, that cosmic rays were finally realized to be
non-lethal for future astronauts, although a few studies
since have found higher cancer risks among astronauts.

Muons forever

Cosmic rays start to seriously strike air molecules at a height
of about 35 miles (56km). They break atoms apart like a stack
of billiards, with the contents raining down toward the sur-
face at nearly the speed of light. Among the detritus flying
off are muons. These strange, transient particles are neither
superheavy nor particularly lightweight. Rather, they have a
mass equal to about 208 electrons. They also have a short life
span, with a half-life of just two-millionths of a second.

EYES NEXT STEP
Apollo astronauts In the short story
reported seeing The Man Who Evolved

flashes of light
with their eyes
closed, which
corresponded to
cosmic ray bom-
bardment. Vision
loss has also been
reported among
astronauts.

by Edmond Hamilton,
cosmic ray expo-
sure causes rapid
evolution in a lab
subject, creating a
massive brain.

ZOMBIE HAND

In The Crawling Hand,
a B movie from 1958,
cosmic rays possess
an astronaut’s severed
hand with an alien
organism, wreaking
havoc on a small town.

FANTASTIC

In Marvel Comics’
Fantastic Four, cosmic
rays cause extreme
bodily transformation,
including turning one
character’s skin into a
rocklike material.

But before they vanish, muons — often considered cos-
mic rays themselves — can cause harm if they strike the
wrong bit of genetic material in a cell nucleus. A study pub-
lished in Nature in 2016 showed a correlation between can-
cer rates and cosmic ray activity, and some 240 muons flash
through your body every second. More hit you if you live in
hazardous Denver, but none reaches you if you've chosen a
home deep underground, or if you happen to spend most of
your time in a subterranean parking garage.

As for those ultra-high-energy cosmic rays, we still don’t
know how they get their crazy fast speeds; their origins remain
a mystery. Recently, colliding galaxies like NGC 4038 and
NGC 4039 (the Antennae Galaxy) have gained favor, but there
are problems with this idea, too. Today, the leading candi-
dates are active galactic nuclei, like the ones inside 10 percent
of all galaxies, such as M82. It’s assumed their supermassive
black holes play a pivotal role in slingshotting the rays to their
fantastic speed and power. Recent measurements indicate a
link between the direction of ultra-high-energy cosmic rays
and the location of active galaxies, although these are so
nearly ubiquitous, it’s hard to say for sure.

One idea is that ultra-high-energy cosmic rays material-
ize when theoretical dark matter particles hypothetically
decay into high-speed proton pairs, one of which falls into a
black hole while the other is shot across the cosmos.

Well, maybe. Or perhaps this is merely a case of desper-
ate, baffled astronomers using the bizarre as evidence for
the exotic.

While you sit around trying to decide, another few thou-
sand cosmic rays will flash through your body. Unless you've
decided to linger a bit longer in that parking garage. »
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