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Catch Me if You Can 
After spending decades and billions of dollars searching for the 
Higgs boson particle, physicists will soon find out if it was all just 
wishful thinking 
By Karen Wright 
DISCOVER Vol. 26 No. 07 | July 2005 | Astronomy & Physics 
  
  

 

 
THE QUARRY  

Will a Higgs boson—the most wanted particle in physics—emerge from the wreckage of two colliding protons as 
seen in this simulation of an experiment planned for Europe’s Large Hadron Collider in 2007? The pattern of 
particle tracks (yellow) and energy (light blue) will identify the unique signature of a decaying Higgs. (Courtesy 
of CERN) 
 
 
The most powerful particle accelerator in the world is the Tevatron, a ring-shaped, stainless-steel corridor 
four miles long that can smash together atomic fragments moving at more than 99.99 percent the speed of 
light. This grand device is the centerpiece of Fermi National Accelerator Laboratory, 45 miles west of 
Chicago, where scientists work around the clock to track the collisions. All of that requires a leap of faith: The 
Tevatron is mostly invisible, buried a couple dozen feet beneath windswept prairie.  
  
I drove to Fermilab on a blustery winter day to learn about a subatomic phantom called the Higgs boson. The 
Higgs also requires a leap of faith, because so far it is entirely hypothetical. Some physicists are counting on 
it to help solve the most intractable riddles in their profession. It might, for instance, explain the 
preponderance of matter over antimatter in the cosmos. Or it might yield a formula that would unite gravity 
with the three other fundamental forces into a long-sought theory of everything. Above all, the Higgs could be 
the emissary of a ubiquitous force field that confers mass on matter. It could answer a huge question: Why 
does matter weigh something instead of nothing? 
  
For all these reasons, physicists at Fermilab and other facilities around the globe are trying to prove that the 
Higgs boson exists. But in the 75 years since accelerator collisions began exposing the innards of atoms, the 
Higgs has stubbornly eluded detection. It is a fugitive within a theory called the standard model, which 
describes all the fundamental particles in the universe. The model posits the existence of dozens of these 
particles: fermions, which make up matter, and bosons, which carry force. All but the Higgs have been found. 
 
 
 
 
  



I was drawn to the Higgs boson precisely because it might not exist. As a science writer I deal in fact, but in 
my off hours, I grapple with mystery, and the Higgs is a potent one. Without it, experts cannot say that the 
standard model corresponds with physical truth. It is a figment so alluring that world governments have 
poured billions of dollars and trillions of volts of electricity into machines designed to wrest the Higgs into 
observable reality. Until it is found, the Higgs stands as a totem of all that is unknown and desperately 
desired. “The Higgs boson is really a rubric,” Fermilab theorist Chris Hill says. “We don’t know what we’re 
talking about.” 
 

 
THE SIGHTING  

In 2000 the LEP collider knocked electrons into positrons and recorded this cryptic result. Green and yellow 
lines represent jets of subatomic particles that may have been created by the rapid decay of a Higgs boson. 
(Courtesy of CERN) 

 
  
The Higgs was born of wishful thinking. It was introduced in the 1960s by British theoretical physicist Peter 
Higgs of the University of Edinburgh to help plug a huge gap in the understanding of quantum physics. The 
simplest and most elegant models require that all elementary particles should have the same mass: zero. 
But every moment of human experience asserts otherwise, and experiments show that the masses of 
elementary particles in fact differ by many orders of magnitude. Physicist Steven Weinberg of the University 
of Texas at Austin and Pakistani theorist Abdus Salam used the Higgs concept to bring theory in line with 
reality. 
  
In Weinberg’s synthesis the Higgs field is like a sea of molasses that fills all of space. It resists the movement 
of particles to varying degrees. The more a particle interacts with the Higgs field, the greater the resistance 
and the heavier the particle. The symmetry of the standard model is thus restored because mass is no 
longer seen as an intrinsic property of matter. All elementary particles weigh nothing until they interact with 
the Higgs field. Variations in Higgs field interactions are the only explanation physicists have for the fact that 
the heftiest known particle weighs 200,000 times as much as the lightest one, while photons weigh nothing 
at all.  
  
“The Higgs field, the standard model, and our picture of how God made the universe depend on finding the 
Higgs boson,” wrote Nobel laureate Leon Lederman in his 1993 book The God Particle. His book 
championed the Superconducting Supercollider, the $10 billion accelerator he had designed to nab the 
Higgs. Because it is thought to be the most massive of all elementary particles, the Higgs boson would show 
up only in ultrahigh-energy collisions. The Supercollider’s particle beams would have collided at 20 times the 
energy of the Tevatron’s. But soon after The God Particle was published, Congress pulled the plug on the 
project.  
  
That was the first of several heartbreaks for Higgs seekers. The next came at the Large Electron Positron, or 
LEP, collider, a 17-mile-long particle smasher on the Franco-Swiss border at the European Center for 
Nuclear Research, called CERN for short. In August 2000, after a decade of collisions at gradually escalating 
energies, the collider team saw data that hinted at the presence of the Higgs. “We were sure we were going 
to find the Higgs particle,” says experimental physicist Christopher Tully of Princeton University, who heads 
the CERN search. “It was a very dramatic moment.” 



  
Unfortunately, the LEP collider was shut down for good in November 2000 to make way for the $2.5 billion 
Large Hadron Collider, scheduled to come online in 2007. The LHC will be supported by 5,000 physicists 
and 500 research institutes around the world. It will hurl particles with seven times the energy of the 
Tevatron. “The LHC discovery of the Higgs is guaranteed—if it exists,” says experimental physicist Suyong 
Choi of Fermilab.  
 
That qualifier typifies a phenomenon I call Higgs hedging. Experts can make any number of claims for the 
Higgs as long as its existence remains in question. They disagree on whether it is an indivisible entity or a 
composite of more familiar particles. They argue about whether there is just one kind of Higgs or five. 
Harvard University physicist Sheldon Glashow has called the Higgs boson a commode down which all 
theoretical inconsistencies are flushed.  
 

 
THE THEORIST  

Between 1961 and 1964, British physicist Peter Higgs showed that a hypothetical field could explain why matter 
has mass. His idea gained wide acceptance, even though the particle associated with this field remains 

undetected. 
  
 
The final say will come from experimentalists like the ones at Fermilab. The accelerator teams work amid a 
surreal farrago of abstract architecture and ecological awareness. A spidery sculpture called Broken 
Symmetry straddles the main entrance, power pylons shaped like the Greek letter pi march to the east, and 
a thousand acres of the surrounding campus is restored tallgrass prairie. Underground, two enormous 
detectors, each weighing 5,000 tons, monitor subatomic particle smashups, looking for anything 
extraordinary.  
  
Standing by one detector, called DZero, Gerald Blazey, project spokesman and a physicist at Northern 
Illinois University, described the complicated shower of secondary particles emitted from every collision. A 
diagram of these so-called decay channels looks like a flowchart of ancient runes. “If the Higgs exists, we’re 
already making it,” Blazey noted. But the equipment at the Tevatron is not sensitive enough given the current 
data to distinguish the fallout of a Higgs shower from those of other heavy particles such as the top quark, 
which was found here in 1995. 
  
“You probably have to produce about a billion Higgs particles to reliably identify one,” MIT theorist Frank 
Wilczek warned me. Even the Large Hadron Collider will struggle with this problem, he said. “It’s like listening 
to AM radio. There’s so much interference.” 
  
After a morning of talking to particle physicists, my mind was also beginning to sound like AM radio. Before 
lunch I went to the restroom to wash up. In the stall I heard a heavy ping on the tile floor. I knew at once what 
had happened. My talisman had fallen off its cord. 
 
 
 



  
My talisman was a round slug of pewter inscribed with esoteric symbols not unlike the physics notations on 
the diagram at DZero. I had bought it years before when I was in the thick of heartache from the death of a 
friend. The shopkeeper explained that the talisman was meant for protection from destructive urges and 
energies and that I should wear it on a cord next to my skin until it or the cord broke. The talisman would not 
fall off, she explained, until I was safe from harm. I tied it around my waist all those years ago, and never 
removed it. 
 

 
THE SEARCHERS  

Scientists and technicians in Fermilab’s control room monitor invisible particle interactions, looking for the 
anomaly that announces new physics. 

  
 
Now it was lying on the floor of a bathroom stall at Fermilab. My first impulse was relief: I must finally be safe 
from whatever demons the talisman had guarded against. My second reaction was panic, as I realized that I 
did not know the protocol for retiring a used talisman. I could hardly flush it down the commode like so many 
theoretical inconsistencies. I had no time to think, so I stuffed it in my pocket and went back to the scientists. 
  
I spent the afternoon touring the Tevatron’s second detector, known as CDF. Team member Young-Kee Kim 
explained that last year’s joint effort between CDF and DZero had constrained the possible range of mass of 
the Higgs boson. Based on those results, she said, it seems plausible that Tully’s group at CERN had in fact 
seen the Higgs in 2000. Kim spoke of the insights yet to come from the Large Hadron Collider in a voice 
fraught with anticipation. 
  
I found myself nodding sympathetically while secretly hoping that the Higgs remained at large. It was my 
private rebellion against the smug assertions of objectivity that crowd my days. Just after I arrived at 
Fermilab, I crossed paths with Leon Lederman, who ran the lab from 1979 to 1989. I told him I was writing a 
short piece on the Higgs boson. “A short piece?” he scoffed. “You can’t write anything short about the 
Higgs.” But it may not even exist, I longed to retort. In The God Particle, Lederman upbraids the authors of 
quasi-mystical treatises on quantum physics, such as The Dancing Wu-Li Masters and The Tao of Physics, 
for conflating fact and philosophy. Yet he had given an imaginary particle the name of God. 
  
My interviews concluded in the late afternoon. As I walked to the parking lot, the talisman weighed down my 
pocket like a nagging doubt. I remembered a story I had read about the late Robert Wilson, Fermilab’s 
founding director, who was an artist as well as a scientist. When work on the Tevatron was completed in 
1983, he was disturbed that he could not see the buried instrument, so he ordered the construction of a 20-
foot-tall mound, built from dirt dug out of cooling ponds, to mark the ring’s circumference. Perhaps Wilson, 
builder of signifying berms, would have sympathized with my secret. 
  
I drove from the parking lot to one of the hiking paths on Fermilab’s 6,800-acre campus. An era had ended 
for me with that ping on the bathroom tile, and another era was just beginning for some of the world’s great 
physicists. They were hanging fire, poised for a test of dogma that will dictate their path for the rest of this 
century. I hiked into the yellow grass, reached into my pocket, and looked at the tarnished pewter coin one 
last time. Then I threw it as far as I could into the fading light. I could think of no better resting place for a 
token of high hopes, lost causes, and enduring superstitions.  
 
 
 
 
 



 

How Nature Builds a Planet 
A revolutionary new NASA space telescope tells us we really had no 
idea what was going on out there 
By Adam Frank 
DISCOVER Vol. 26 No. 07 | July 2005 | Astronomy & Physics 
  
  
One crisp summer day in upstate New York, a restless crowd wove its way into a small conference room in 
the Bausch & Lomb physics hall at the University of Rochester. Outside, the sun sliced through a flawless 
azure sky, and a warm breeze danced off the gentle waves on Lake Ontario. Inside, I squeezed in among 
the two dozen professors and students and waited for the presentation to begin. Then the lights dimmed, 
and any longing for the lovely day outside was instantly displaced by the far more powerful allure of new 
worlds coming into view, worlds located many light-years away.  
 

 
Courtesy of NASA/JPL-Caltech-W. Reach (SSC/Caltech)  

Infant stars in dense interstellar clouds emerge from hiding in this infrared image of the Elephant’s Trunk 
nebula. The Spitzer Space Telescope provides detailed information about the dusty disks that surround them—

the birthplace of planets. 
  

 
A computer projector snapped on and began displaying data from the Spitzer Space Telescope, a powerful 
companion to the famed Hubble Space Telescope. Spitzer was launched the previous summer, and my 
colleagues and I were witnessing some of its earliest results: evidence of planets being born around nearby 
stars. The actual data did not look like much, mostly line graphs showing the intensity of radiation emitted by 
the stars at various wavelengths, but the meaning hidden behind those numbers had us talking all at once, 
lost in the fever of discovery.  
  
Spitzer was designed to pick up infrared rays that, unlike visible light, can penetrate thick dust and probe the 
dense interstellar clouds where stars and planets form. After just a few months of operation, the telescope 
already exceeded its creators’ optimistic expectations. Not only had it clearly identified evidence of newly 
formed planets, it had demonstrated that the planet-building process is far wilder, messier, and more varied 
than anyone expected.  
  
The truth is that astronomers still do not know much about the origin of planets, but they are learning quickly. 
For a long time the only solar system they were able to study was our own, which formed a long 4.6 billion 
years ago. Over the past decade, the discovery of planets around other stars and the development of 
intricate computer simulations have suggested that our solar system is something of an oddball. Planet 
building seemed to favor giant worlds careering around their stars in extreme orbits. Most of the worlds we 
have found seem unlikely to support life.  
  
 
 
 
 



 
Spitzer’s findings suggest that nature is far more interesting than that. Planets seem to form in all kinds of 
orbits and in all kinds of distances from their stars. They also form through processes that do not clearly fit 
into any of the standard theoretical models. Small, rocky bodies may aggregate gradually over hundreds of 
millions of years, while nearby—maybe even around the same star—Jupiter-size objects pull together in just 
a few hundred years.  
  
All this variety probably includes countless bizarre worlds, but also many that are similar to Earth. That is 
why the mood in that conference room was electric. Spitzer was unmasking the secrets of planet building, 
the process that created our own solar system and that may, at this very moment, be creating new habitable 
worlds around other stars.  
  
Astronomers deduced the basic recipe for making planets a long time ago, and it could hardly be simpler. 
Just take an interstellar molecular cloud—in essence, a big bag of cold gas and dust—shake it lightly and 
allow the ingredients to settle.  
  
When the gas and dust begin to collapse under their own weight, the bulk of the material falls to the center, 
giving rise to a protostar. Meanwhile, any slight rotation in the original cloud is enormously amplified as it 
contracts. The spinning motion flattens the material into a round disk of gas and dust that spirals inward and 
rains down onto the natal star for about a million years. Planets begin to form in the plane of the disk from 
leftover scraps. This process tidily explains why all the planets in our solar system orbit in the same direction 
and in nearly the same plane.  
  
So far, so good, but trying to figure out the details of how planets emerge from stellar leftovers is confusing. 
Theorists such as Alan Boss of the Carnegie Institution of Washington, Douglas Lin of the University of 
California at Santa Cruz, and Jack Lissaur of NASA’s Ames Research Center have developed sophisticated 
models of planet formation, but the process is furiously complicated. The models rely on a long list of 
assumptions, making it difficult to know which one of them (if any) corresponds to the real world. “There are 
a lot of detailed theories about how planets form,” says astronomer George Rieke of the University of 
Arizona, the lead researcher on one of Spitzer’s three primary instruments. “What we really need are 
constraints, something that can make the theories more than fantasy.” 
  
Those theories got a jolt 10 years ago, when astronomers first began discovering planets outside our solar 
system orbiting other stars. To everyone’s surprise, the alien solar systems looked nothing like ours. Many 
are home to so-called hot Jupiters, massive gas balls orbiting extremely close to their parent stars and 
roasting at temperatures in excess of 1,000 degrees Fahrenheit. Many of the newfound worlds follow highly 
elliptical paths that take them close to and then far away from their star, quite unlike the nearly circular orbits 
typical in our solar system. 
  
Researchers used to think that planets stayed where they initially formed, but the existence of hot Jupiters 
suggests that orbits often shift radically during the early life of a planet. Massive planets might originate far 
out and then spiral inward due to gravitational interactions with their disk. Such orbital migration would 
destroy any smaller, Earth-like planets that had formed, as an inward-moving giant would scatter smaller 
planets the way a bowling ball would blast through a pile of marbles. That is why the timing and the scale of 
planet formation—fast or slow, big or small—is a critical issue. 
  
For gas giants like Jupiter, formation theories come in two flavors. The planet can form quickly when a large 
chunk of the disk becomes gravitationally unstable and collapses on itself. In some models, such instabilities 
can produce a planet in a few hundred years or less, possibly even in a single human lifetime, but only if the 
disk is very dense and cold. Alternately, the planet can accumulate mass slowly as bits of dust collide and 
become pebbles, which collide to become boulders, which collide to become asteroids, and so on, until a 
rocky planetary core develops. When the core has enough gravity to attract gases in the disk, it begins to 
accumulate an atmosphere. This process, sometimes called core accretion, is rife with uncertainties. Models 
do not reveal exactly how long it takes to make a space mountain out of a space molehill. The timescale 
usually associated with core accretion is tens of millions of years.  
  



Computer simulations suggest that smaller, terrestrial worlds probably arise slowly, through the core-
accretion process. Then again, all of these theories and their impressive-looking conclusions are only as 
good as the assumptions built into them. “So how long does it all take—a thousand years or 10 million 
years?” Rieke asks. “The theorists can argue about it forever. What is needed is real data from real planet-
forming systems.” That is exactly what is coming every day from Spitzer. 
 
  
NASA’S NEW INFRARED EYE 
 

 
Illustration courtesy of NASA/JPL-Caltech 

 
  
Space Telescope and the Chandra X-ray Observatory. Any warm object emits infrared rays, so Spitzer is cooled 
to just 10 degrees Fahrenheit above absolute zero to detect even faint heat. A large shield blocks out solar 
radiation, and the telescope orbits millions of miles from Earth’s heat. The result is an incredibly sensitive 
telescope that provides insights into many different astronomical objects, not just newly forming stars and 
planets. Among its discoveries: 
  
•Supermassive black holes looming within baby galaxies near the edge of the visible universe. (Spitzer teamed 
with Hubble and Chandra to zero in on these distant objects.) 
  
•A previously unknown globular cluster—a vast ball of ancient stars—orbiting our galaxy. 
  
•Enormous, enigmatic blobs of gas that may arise when one galaxy plows headlong into another galaxy.  
  
•An entire population of monstrously bright galaxies, unseen until now because they are completely cloaked in 
dust.  
  
•Two mature planets circling other stars, detected directly for the first time. Spitzer showed that these worlds 
are fiercely hot, more than 1,300 degrees F. 
 
 
For many years scientists wondered if the Spitzer telescope would ever make it from the drawing pad to the 
launchpad. The concept started life in the late 1970s as an infrared observatory that could fly short stints 
aboard the space shuttle. (Its name pays homage to an earlier era: the 1940s, when the influential 
astronomer Lyman Spitzer Jr. made the first serious proposals for building large observatories in space.) 
During the 1980s the Spitzer expanded in scope to a free-flying observatory. In the 1990s, the project shrank 
again in response to budget pressures.  
  
 
 
 
 
 
 
 



 
Through all these ups and downs, the essential mission of Spitzer remained constant: to learn more about 
the universe by detecting infrared rays, electromagnetic waves slightly longer than visible light. Such rays 
are ideal for studying cool objects—those that don’t attain the blazing heat of the sun and other stars—which 
give off little light but glow prominently in the infrared. More crucial, infrared rays penetrate effectively 
through dust clouds, making it possible to peer into otherwise obscured regions of space.  
 

 
THE POWER OF  

INFRARED VISION 

 

 
Two views of the Trifid nebula, a giant cloud of gas and dust located 2,700 light-years from Earth, illustrate how 
the Spitzer Space Telescope exposes the secrets of star and planet formation. A conventional optical 
photograph (top) shows visible light emitted by the Trifid, highlighting the dusty clouds that divide the nebula 
and obscure what is happening in the densest, most interesting regions. A recent Spitzer image (bottom) shows 
the same nebula seen in the infrared part of the spectrum, displaying penetrating rays whose waves are much 
longer than those of red light. Spitzer’s infrared vision pierces the gloom to reveal a cosmic nursery containing 
dozens of previously unseen embryonic stars, many still ensconced in the dark clouds from which they formed. 
By measuring the infrared brightness of such protostars, astronomers have been able to measure how quickly 
the objects are growing. These observations help define where and how new planets are created.  

Images courtesy of NASA/JPL-Caltech/J. Rho (SSC/Caltech)  
 

  
What changed during the redesigns was the telescope’s specific capabilities. “Spitzer was supposed to be 
the Swiss Army knife of infrared space telescopes,” says astrophysicist Dan Watson of the University of 
Rochester, who has participated in the project since its inception. “But as time went on the project got de-
scoped. We had to circle the wagons around a few projects that could still be done.” Studying the birth of 
planets in the cool, dusty cocoons around infant stars turned out to be the perfect task for the downsized and 
reconfigured observatory. 
  
Finally, on August 25, 2003, the $700 million Spitzer Space Telescope blasted into space inside the fairing of 
a Delta II-H rocket. When it safely reached its unusual orbit, trailing Earth in its path around the sun, 
astronomers, many of whom had staked 23 years of their careers on the project, breathed a sigh of relief. 
They then began the months-long process of calibrating Spitzer’s systems. “Everything functioned 
beautifully,” says astronomer Bill Forrest of the University of Rochester. “We were really happy.”  
  
 
 
 
 
 



The telescope is built around a 34-inch-wide beryllium mirror, cooled by liquid helium to –450°F to eliminate 
the infrared noise that every warm object emits. Infrared rays collected by the mirror bounce to one of three 
instruments: an imaging camera, a spectrograph that breaks up infrared light into its constituent wavelengths 
(creating an infrared rainbow), and a combined camera-spectrograph that studies a somewhat different part 
of the infrared spectrum than the other two. Many teams across the country oversaw the design and 
construction of each instrument; researchers in my group at the University of Rochester collaborated on both 
the camera and the spectrograph. 
  
Once Forrest and his colleagues were satisfied that the instruments were working correctly, the telescope’s 
real scientific observations began beaming down to a data center on the Caltech campus and then across 
the Internet to researchers’ computer hard drives. Within weeks came the discovery that drew the crowd into 
Bausch & Lomb Physics Hall on that sunny summer day. “My student Joel Green was reducing some of the 
new data one morning, and I was looking over his shoulder,” says Dan Watson. “The data came in short-
wavelength and long-wavelength modules, and we needed to glue them together to create an entire 
spectrum. What we saw when we joined them was unexpected and really exciting.” 
  
Spitzer’s spectrograph had split up infrared light from the baby star Cohen-Kuhi Tau/4, located 420 light-
years away in the constellation Taurus, and spread that light out by wavelength. The spectrum showed how 
much energy the star emits at various wavelengths, each of which corresponds to a temperature. A naked 
star produces a single-humped spectrum, with the bulk of the energy concentrated at short, hot wavelengths. 
The cold, dusty disks around a star emit copious long infrared waves, producing a second hump in the 
spectrum. What Watson and his student saw did not fit either pattern. Clearly there was a young star, and 
clearly there was a cold disk, but something had taken a big bite out of the disk’s infrared signature. 
  
“The light from the inner part of the disk was totally missing,” Watson says. “I knew immediately what it 
meant.” He cleaned up the data and passed it along to Bill Forrest, his collaborator. “Right away, I knew we 
had found a planet,” Forrest says.  
  
If part of a disk is missing, something must have cleared it out. Soon after a giant planet forms, its gravity 
sweeps out a ring-shaped gap in the disk. In time, that gap expands into a hole as the remaining inner parts 
of the disk drain onto the star. The gap around Cohen-Kuhi Tau/4 most likely arose this way.  
  
Until Spitzer, the best that infrared telescopes could do was find hints of such gaps around a few relatively 
close, bright young stars. “Spitzer’s instruments are far more sensitive than anything before it,” Rieke says. 
“That means we can look at regions of the galaxy where stars are forming that are much farther away than 
we could before. By seeing so many star-forming regions, we can catch the star- and planet-creation 
process happening at different stages.” Infant stars in the Cohen-Kuhi region, for example, were too distant 
and dim to study using earlier telescopes. 
  
Cohen-Kuhi Tau/4 is at an early stage of evolution, one that nobody had examined in detail before. After a 
thorough study of its brightness and temperature, an international team that included Watson and Forrest 
concluded that the star and its disk are about a million years old, roughly a tenth the age of any stellar 
system that has shown a sizable hole. For the first time, astronomers have compelling evidence that planet 
formation can be a fast process. Here it had to happen in less than a million years.  
  
All through the summer of 2004, the University of Rochester astronomy group gathered at lunchtime on 
Tuesdays to review, discuss, debate, and generally let our jaws drop over the new Spitzer data. One week 
we contemplated images of newly formed star clusters; another week we examined beautiful spectra of ice 
grains swirling around an infant star. On the day that the observers presented the Cohen-Kuhi Tau/4 results, 
there was a long moment of quiet. Every person in the room, from the most senior professor to the greenest 
graduate student, knew this was the kind of moment that justified decades of work. Then the buzz began.  
  
 
 
 
 



 
The theorists in the group, led by Alice Quillen and Eric Blackman, stepped up to the whiteboard in the 
lunchroom and began sketching the links between planets and holes in a protostellar disk. Then the 
questions started to come into focus. What would the mass of the planet have to be? What mechanisms 
could form a planet that quickly? Could other planets survive in the disk? Everyone started talking at once, 
and the conversations quickly splintered. By the end of the lunch hour, factions had reconvened, and the 
outlines of a paper were already taking shape. 
  

 
  

  
   

MAKING PLANETS THE FAST WAY 
  
Gas in the dusty disk around a young star might become massive enough to pull more material directly from the 
disk, giving rise to a giant planet in a few centuries or less. Spitzer confirms that giant planets can form quickly 
and sweep out gaps in their disks—but some key observations do not fit this model. 
 

 
 STEP 1 
 A disk of gas and dust forms around a young, recently collapsed star. 
 
 
 
 
 
 
 



 

 
STEP 2  
Instabilities in the disk form a clump that pulls itself together into a protoplanet. 
 

 
STEP 3 
Dust grains get drawn into the protoplanet, forming a dense planetary core. 
 

 
STEP 4  
The giant planet sweeps out a wide gap as it feeds on gas in the disk. 
 
  
    

MAKING PLANETS THE SLOW WAY 
  

Dust grains around baby stars may clump into chunks that collide to form planets. This process could form 
rocky, Earth-like planets, but it probably takes  at least 10 million years. Spitzer shows that some stellar disks 
survive this long, but some alien planets appear too quickly to have formed this way. 
 

 
STEP 1 
Orbiting dust grains stick together to form rocky chunks, or planetesimals. 
 

 
STEP 2  
Planetesimals collide and grow, creating planetary embryos that circle in flat orbits. 
 



 
STEP 3  
Giant planets accrete thick gas envelopes before the disk is swallowed or blown away by the young star. 
 
 

 
STEP 4  
Gas-giant planets scatter or accrete the remaining planetesimals, some of which may form small planets. 
 
 
Within a week we theorists found that a planet responsible for the hole did not need to be as massive as 
Jupiter. A body twice the size of Neptune and about one-tenth as heavy as Jupiter (but still about 30 times 
the mass of Earth) would have sufficed. This lower limit was intriguing because the outer edge of the hole is 
about as far from its star as the giant planets in our solar system are from the sun. Unlike the many bizarre, 
star-hugging worlds discovered by other means, the planet that seems to be orbiting Cohen-Kuhi Tau/4 
looks reassuringly familiar. Spitzer seemed to have uncovered a new planetary system built on the same 
overall engineering plan as our own.  
  
We also found that the alien planet must have formed no more than a few hundred thousand years ago. If it 
were any older, the gravitational interaction between the disk and the planet would have forced it to spiral 
inward, perhaps even to be swallowed by its star. That timescale supported rapid planet-formation models.  
In other ways, however, Cohen-Kuhi Tau/4 didn’t fit the models at all. The disk around the star appeared too 
small and low mass to support the leading rapid-formation theory, the gravitational instability model. In fact, 
the Spitzer results did not fit well with any existing theory of how planets form. The new data and our new 
calculations were forcing us to rethink our assumptions. 
 
 

  
HOW TO SPOT A PLANET  
Spitzer identifies young planets by how they affect infrared radiation from stellar disks. A naked star produces a 
simple, sloping spectrum (longer wavelengths indicate cooler temperatures). A star with a surrounding disk 
displays an additional glow from warm dust in the disk. A planet in the disk sweeps up some of the dust, 
creating a dip in the infrared spectrum; the shape of the dip reveals the planet’s distance from the star. 
   



  
We soon realized that the discovery of the hole in the disk around Cohen-Kuhi Tau/4 was only the beginning 
of a story. Since then, scientists have discovered similar partly empty disks around many other young stars.  
  
“We have dozens of sources with their inner disks cleared out to at least the size of the orbit of the Earth. All 
these systems have lost their inner disks early, in less than a million years,” Rieke says. “Spitzer allowed us 
to see really faint objects so that we could do a census of all the star-forming regions out to 3,000 light-years. 
With enough data you can tell pretty accurately how long the average disk exists. We now have a clear 
enough picture of the data to tell how long planet-building disks last around young stars.”  
  
The strange answer is that planet formation is not fast or slow; it is fast and slow. On average, the disks 
studied by Spitzer turn out to be 100 million years old, one hundred times the duration of planet formation 
implied by the Cohen-Kuhi Tau/4 results. This finding startled astronomers who had just absorbed Spitzer’s 
evidence that planets may form extremely rapidly. They had assumed that fast planet building would deplete 
the surrounding material and make the disks disappear quickly. Instead, Spitzer was showing that disks, and 
perhaps subsequent rounds of planet building, could go on far longer than even the old core-accretion 
models implied. 
  
For instance, the bright star Vega—shining high overhead on summer nights in the Northern Hemisphere—is 
100 million years old, yet it still has a disk. The observable material is a so-called debris disk consisting 
entirely of dust and large rocks, some of them possibly as large as planets. Such disks have lost all of their 
gas and are far less dense than the ones around younger stars.  
 

 
Courtesy of NASA/JPL-Caltech/G. Melnick (Harvard-Smithsonian CFA) 

 The stellar nursery called Sharpless 140 contains brilliant protostars still surrounded by the dusty clouds from 
which they emerged. Jets of gas emitted by the stars are stirring up the surrounding nebula. Such jets form 

when magnetic fields fling material from the disks around the stars. 
  

  
That dust cannot be primordial material because it would have fallen into the star long ago. “With Spitzer we 
found clear evidence that Vega and other stars have recently had their debris disks resupplied with dust,” 
Rieke says. “The only way to produce as much dust as we are seeing in these older stars is through huge 
collisions.” Larger bodies, such as giant comets, asteroids, and protoplanets, must have coalesced from the 
original disk and then crashed into one another.  
  
Such impacts are a key feature of the core-accretion model, yet nobody expected to find the process 
continuing around a star as old as Vega. Evidently the building blocks of planets keep colliding, merging, 
shattering, and pulverizing one another long after the first large bodies come together. “It’s a mess out 
there,” Rieke says. “We are seeing that planets have a long, rocky road to go down before they become full 
grown. The kinds of processes we associate with planet building—big collisions—are still going on, even 
though these systems are so old.” Those long timescales may bode well for the existence of Earth-like 
planets. 
 
 
 
 
 
 



  
Rieke notes that our solar system contains a faint debris disk of its own—micrometer-size dust particles 
slowly spiraling in toward the sun. We see this disk as a dim glowing band, called the zodiacal light, running 
along the plane of the planets. Under clear skies, it shows up as a diaphanous cone of light hanging in the 
west after sunset. “The zodiacal light comes from sunlight reflected off dust grains blown off comets or from 
asteroid collisions,” Rieke says. “If you could look at our solar system 5 billion years ago, it would probably 
look similar to what we are seeing in Vega.” Put another way, the dust around Vega is a reassuring sign that 
many stars form planetary systems broadly similar to our own. 
  
Whenever a major new instrument switches on, the dance between theory and observation in science 
always turns from a stately waltz into a chaotic jitterbug. After a little more than a year in orbit, the Spitzer 
Space Telescope has sped the tempo of discovery in planet formation studies so much that scientists are 
overwhelmed. The telescope contains enough liquid helium coolant to keep going at this pace for another 
three years. 
  
The cosmos seen by Spitzer seems strangely disconnected from the one predicted by our meticulous 
models. “We thought that young stars, about 1 million years old, would have larger, brighter disks and that 
older stars from 10 million to 100 million years old would have fainter ones,” Rieke says. “Instead we found 
some young stars missing disks and some old stars with massive disks.” The most recent findings from 
Spitzer continue this confounding pattern. Some mature stars that are known to have planets are still 
surrounded by debris disks 100 times as thick as the dust in our solar system, for unknown reasons. One 
middle-aged star, known as HD 69830, appears to be surrounded by an asteroid belt that is 25 times as 
dense as the one in our solar system, possibly the remnants of a rocky planet that never formed. 
  
All these findings carry a deep relevance to humans because they will tell us whether our solar system and 
our Earth are flukes or the routine results of a ubiquitous process. “Years ago Frank Drake wrote down an 
equation for the number of intelligent civilizations in the galaxy,” Rieke says. “One of the first factors in that 
equation is the number of stars with planets. The next is the number of planets that can support life. The 
question of where, when, and how planets form touches on both these factors.” 
  
Spitzer is exposing how much astronomers don’t yet know about the new worlds forming out there—and 
about the old worlds, possibly even habitable ones, that are still undetected. For scientists, being placed in a 
position of ignorance is good. That’s when the real work begins.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Are the Desert People Winning? 
Anthropologists say all the world’s cultures fall into two basic 
groups: those from forests and those from arid lands. Increasingly, 
the future looks treeless 
By Robert Sapolsky  
Photograph by Vicky Sambunaris 
DISCOVER Vol. 26 No. 08 | August 2005 | Anthropology 
  
  
My desk, like the desk of most research scientists, sees an overwhelming traffic of scholarly journals and 
articles—reams of pages of the latest cutting-edge discoveries, destined to be outdated before next week. 
But one study, A Cross-Cultural Summary, written in 1967 by the Stanford anthropologist Robert Textor, has 
remained firmly planted there for some time now—and not only because, at 3,000 pages long, it’s rather 
hard to pick up and move. Textor’s massive tome contains a cultural correlation that bears disquietingly on 
the type of planet we humans have produced for ourselves today, and my mind turns to it more and more of 
late. 
  
All across the world, the sort of culture you live in has something to do with the ecosystem around it. 
Traditional tundra societies are more likely to share cultural patterns with each other than with tropical rain 
forest societies, regardless of whether some descended from a common ancestral culture. High-altitude 
plateau cultures differ in systematic ways from fishing cultures in island archipelagoes. Some of these 
correlations are fairly predictable: Tuareg desert nomads are not likely to have 27 different words for types of 
snow or fishhooks. But as Textor found, some of the correlations are far from predictable and have helped 
contribute to the sociopolitical mess we now inhabit. 
 

 
THE FALLOW AND THE FERTILE 

Eleven thousand years ago Clovis nomads may have dwelled in the Great Sand Dunes of Mosca, Colorado, 
where the desert abruptly ends at an alpine forest. Their culture still rings true in our daily lives as the 

successful societies on Earth continue to adopt the ways of desert dwellers. 
  

  
Attempts to link culture with climate and ecology have an old history (Herodotus did it long before 
Montesquieu), but with the rise of anthropology as a discipline, the effort became scientific. Early efforts were 
often howlers of dead-white-male racism; every study seemed to generate irrefutable scientific proof that 
northern European ecosystems produced superior cultures, more advanced morals, technologies, and 
intellects, and better schnitzel. Much of contemporary social anthropology represents a traumatized retreat 
from the sins of those intellectual fathers. One solution was to resolutely avoid cultural comparisons, thereby 
ushering in an era wherein an anthropologist could spend an entire career documenting the puberty rite of 
one clan of farmers in northeastern Cameroon.  
 
 
 
 
 
 
  



But some anthropologists remained generalists, studying cross-cultural patterns while cautiously treading 
around ideological bias, and many continued to explore how ecology affects culture. One such pioneer was 
John Whiting of Harvard, who in 1964 produced a paper entitled “Effects of Climate on Certain Cultural 
Practices.” Comparing data from non-Westernized societies from around the planet, he noted that husbands 
and wives from cultures in the colder parts of this planet are more likely to sleep together at night than are 
spouses in the tropics. He also found that cultures in habitats that produce protein-poor diets have the 
longest restrictions on postpartum sex. Whiting hypothesized that to counterbalance the lack of protein, 
infants required a longer period of nursing, which placed a premium on well-spaced births. 
  
Other anthropologists explored the ecological roots of violence. In 1982 Melvin Ember of Yale found that 
certain ecosystems are so stable and benign that families remain intact throughout the year, farming their 
plot of land or hunting and gathering in the surrounding rich forest. In less forgiving settings, family units 
often split up for long periods, dividing their herds into smaller groups during dry seasons, for instance, with 
family members scattered with subflocks on distant pockets of grazing land. In such situations, warrior 
classes—as one sees among the pastoralist cowherding Masai of East Africa—are more common. There are 
advantages to having a communal standing army in case enemies appear when many of the men are away 
finding grass for the cattle. 
  
In the 1960s, Textor pursued a radically different approach to cross-cultural research. He collated 
information on some 400 different cultures from around the world and classified them according to nearly 
500 traits. What sort of legal system did each culture have? How did its people make a living? Did they 
believe in an afterlife? Did they weave or know about metallurgy? When at play, did they prefer games of 
chance or of strategy? Then he fed all these variables about all these cultures into some gigantic paleo-
computer, cross-correlated everything, and laid out the significant findings. The result, his monumental A 
Cross-Cultural Summary, offers table after table indicating, among other things, which cultural differences 
are statistically likely to be linked to ecological differences. While not the sort of book you toss in your 
knapsack for beach reading, there is something irresistible about thousands of pages of correlations. Where 
else could you discover that societies that don’t work with leather very well are disproportionately likely to 
have games of skill? How do you explain that one?  
  
From these various anthropological approaches, a basic dichotomy has emerged between two types of 
societies from very different ecosystems: societies born in rain forests and those that thrive in deserts. Think 
of Mbuti pygmies versus Middle Eastern bedouin, or Amazonian Indians versus nomads of the Gobi. There 
turn out to be consistent and permeating differences between the two. Obvious exceptions exist, some quite 
dramatic. Nonetheless, the correlates are unnerving.  
  
Begin with religious beliefs. A striking proportion of rain forest dwellers are polytheistic, worshipping an array 
of spirits and gods. Polytheism is prevalent among tribes in the Amazon basin (the Sherenti, Mundurucu, and 
Tapirape) and in the rain forests of Africa (the Ndorobo), New Guinea (the Keraki and Ulawans), and 
Southeast Asia (the Iban of Borneo and the Mnong Gar and Lolo of Vietnam). But desert dwellers—the 
bedouin of Arabia, the Berbers of the western Sahara, the !Kung of the Kalahari Desert, the Nuer and 
Turkana of the Kenyan/Sudanese desert—are usually monotheistic. Of course, despite allegiances to a 
single deity, other supernatural beings may be involved, like angels and djinns and Satan. But the hierarchy 
is notable, with minor deities subservient to the Omnipotent One.  
  
This division makes ecological sense. Deserts teach large, singular lessons, like how tough, spare, and 
withholding the environment is; the world is reduced to simple, desiccated, furnace-blasted basics. Then 
picture rain forest people amid an abundance of edible plants and medicinal herbs, able to identify more 
species of ants on a single tree than one would find in all the British Isles. Letting a thousand deities bloom in 
this sort of setting must seem natural. Moreover, those rain forest dwellers that are monotheistic are much 
less likely to believe that their god sticks his or her nose into other people’s business by controlling the 
weather, prompting illness, or the like. In contrast, the desert seems to breed fatalism, a belief in an 
interventionist god with its own capricious plans.  
 
 
 



  
Another major difference was brought to light by Melvin Ember. Desert societies, with their far-flung 
members tending goats and camels, are classic spawning grounds for warrior classes and the accessories of 
militarism: military trophies as stepping stones to societal status, death in battle as a guarantee of a glorious 
afterlife, slavery. And these cultures are more likely to be stratified, with centralized authority. A cosmology in 
which an omnipotent god dominates a host of minor deities finds a natural parallel in a rigid earthly hierarchy.  
  
Textor’s work highlights other differences between desert and rain forest societies. Purchasing or indenturing 
wives is far less prevalent among rain forest peoples. And in rain forest cultures, related women tend to form 
the core of a community for a lifetime, rather than being shipped off to serve the expediency of marriage 
making. In desert cultures, women typically have the difficult tasks of building shelters and wandering in 
search of water and firewood, while the men contemplate the majesty of their herds and envision their next 
raid. Among rain forest cultures, it’s the men who are more likely to do the heavy lifting. Rain forest cultures 
also are less likely to harbor beliefs about the inferiority of women; you won’t be likely to find rain forest men 
giving thanks in prayer that they were not created female,  
as is the case in at least one notable desert-derived religion. Finally, desert cultures tend to teach their 
children to be modest about nudity at an earlier age than in rain forest cultures and have more severe 
strictures against premarital sex. 
  
Which kind of culture would you prefer to get traded to? When it comes to the theistic part, it’s six of one, half 
a dozen of the other to me. As for the other correlates, desert cultures, with their militarism, stratification, 
mistreatment of women, uptightness about child rearing and sexuality, seem unappealing. And yet ours 
happens to be a planet dominated by the cultural descendants of the desert dwellers. At various points, the 
desert dwellers have poured out of the Middle East, defining large parts of Eurasia. Such cultures, in turn, 
have passed the last 500 years subjugating the native populations of the Americas, Africa, and Australia. As 
a result, ours is a Judeo-Christian/Muslim world, not a Mbuti-Carib/Trobriand one.  
  
So now we have Christians and Jews and Muslims in the wheat fields of Kansas, and in the cantons of the 
Alps, and in the rain forests of Malaysia. The desert mind-set, and the cultural baggage it carries, has proven 
extraordinarily resilient in its export and diffusion throughout the planet. Granted, few of those folks still live 
like nomadic pastoralists, guiding their flocks of sheep with staffs. But centuries, even millennia after the 
emergence of these cultures, they bear the marks of their desert pasts. Our vanquished enemies in 
Afghanistan, the Taliban, and our well-entrenched Saudi friends created societies of breathtaking 
repressiveness. In Jerusalem in recent years, Jewish Orthodox zealots have battled police, trying to close 
down roads on Saturday, trying to impose their restrictive version of belief. And for an American educator 
with, say, a quaint fondness for evolution, the power of the Christian right in many parts of this country to 
dictate what facts and truths may be uttered in a classroom is appalling. Only one way to think, to do, to be. 
Crusades and jihads, fatwas and inquisitions, hellfire and damnation.  
  
Unfortunately, the rain forest mind-set appears not only less likely to spread than its desert counterpart but 
also less hardy when uprooted, more of a hothouse attribute. Logging, farming, and livestock grazing are 
rapidly defoliating Earth. Our age witnesses not only an unprecedented extinction of species but of cultures 
and languages as well. William Sutherland, a population biologist at the University of East Anglia, has shown 
that the places on Earth with the most biodiversity are the most linguistically diverse as well and that 
languages are even more at risk for extinction than are birds or mammals. And so the rain forest cultures, 
with their fragile pluralism born of a lush world of plenty, deliquesce into the raw sewage of the slums of Rio 
and Lagos and Jakarta.  
  
 
 
 
 
 
 
 
 



 
DESERT, DESERT EVERYWHERE 

  

 
Map by Matt Zang 

Legend: Yellow: subtropical; dark blue: cool coastal; light blue: cold winter 
 At least a fifth of Earth is desert. As rain forests are destroyed by humans, deserts expand. Global warming, 

farming, and water use compound desertification. In the last 50 years, the Sahara, in Africa, which accounts for 
8 percent of the world’s land area, has grown by more than 250,000 square miles. 

  
  
  
What are we to make of the correlations between environment and cultural practices? Think of humans as 
the primates that we are, and it makes perfect sense. Go discover two new species of monkeys never before 
seen. Know nothing about them other than that one lives in the trees of an Amazonian forest and that the 
other walks the arid scrubland of Namibia, and a card-carrying primatologist can predict with great accuracy 
the differing sex lives of the two species, which is the more aggressive, which is the more territorial, and so 
on. In this respect, we are subject to the influences of ecology, like any other species. 
  
Still, two big differences make us distinctive. First, human cultures allow far more—and far more dramatic—
exceptions to rules than one finds in other primates. After all, our mean old Judeo-Christian/Muslim world 
has also produced peaceful Quakers and Sufis. In contrast, no olive baboon, living a savanna life that favors 
omnivory, has ever opted for vegetarianism as a moral statement.  
  
The second distinctive trait of human culture is its existential bent. We’re not just talking about how ecology 
influences the kind of arrowhead you make or whether, during some ceremonial ritual, you shake the rattle 
before or after you do the dance with the hyena skull. What’s at stake are profound, and defining, human 
preoccupations: Is there a god or gods, and does your existence matter to Them? What happens when you 
die, and how do your actions in life affect your afterlife? Is the body basically dirty and shameful? Is the world 
basically a benevolent place? 
  
In the end, if we want to understand how people find answers to these intensely personal, individuating 
questions, we must admit some biology in the back door. We already recognize the many ways in which 
genetics, neurochemistry, and the endocrinology of depression affect whether a person constitutionally views 
life as a vessel half empty or half full. We are even beginning to glimpse a biology of religious belief itself. 
There are neurological injuries that cause religious obsessions, neuropsychiatric disorders associated with 
“metamagical” thinking; there are brain regions that regulate how tightly an organism demands a link 
between cause and effect, potentially creating room for insight into that odd phenomenon we call faith. 
  
To answer the question, How did I become who I am? we must incorporate myriad subtle and interacting 
factors, from the selective pressures that shaped our primate gene pool eons ago to the burst of 
neurotransmitters in the previous microsecond. Maybe it’s time to add another biological variable to the list: 
When our forebears pondered life’s big questions, did they do so while contemplating an enveloping shroud 
of trees or an endless horizon? 
  



Testing String Theory 
Advocates say vibrating strings underlie every particle and every 
force in the universe. But will anyone ever be able to prove that? 
By Michio Kaku  
Illustrations by Don Foley 
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In his classic book The Dragons of Eden, astronomer Carl Sagan tidily summarized the central challenge 
scientists face when they try to formulate grand new theories: “Remarkable claims require remarkable proof.” 
One of the most remarkable claims made in modern times comes from string theory, which holds that 
everything in the universe is composed of tiny vibrating strings of energy. In this view, every particle in your 
body, every speck of light that lets you read these words, and every packet of gravity that pushes you into 
your chair is just a variant of this one fundamental entity. Over the past three decades, string theory has 
increasingly captured the imagination of physicists. Hundreds of researchers around the world now hammer 
away at its equations every day, trying to make the different parts of the theory hang together. They, like me, 
consider it the greatest step forward in science since Albert Einstein and Max Planck introduced the key 
ideas of relativity and quantum mechanics about a century ago.  
  
Yet string theory, like all scientific theories, eventually must face the harsh test Sagan described. So far, it 
cannot stand up. To be brutally honest, there is no proof whatsoever that string theory is correct.  
 

 
WORLD OF STRINGS  

On extremely tiny scales, far smaller than an atom, all matter and all forces may consist of vibrating strings of 
energy. Unlike the two-dimensional strings shown here, the ones that make up the subatomic world are thought 
to vibrate in 10 dimensions. This surprising theory provides a possible unified description of all physical reality. 

 

 
OPEN AND CLOSED  

Like ordinary strings, the subatomic ones could vibrate as open strands (opposite page) or as closed loops (this 
page). According to one formulation of string theory, quantum gravity is contained within the closed strings, 
while matter is described by both open and closed strings. Higher frequencies of vibration represent larger 

energies. 
 

  
How, then, can its advocates persist? Part of the answer lies in the theory’s breathtaking premise. The 
natural world abounds with a baffling variety of particles smaller than atoms and four seemingly independent 
forces: gravity, electromagnetism, and the strong and weak nuclear forces. By describing subatomic particles 
as vibrating strings, somewhat like taut rubber bands, string theory ties all these disparate parts into a single 
framework. Every type of particle—including the electrons that form part of ordinary matter and the photons 
that transmit the electromagnetic force—simply corresponds to a specific frequency of vibration of the string. 
Much as pulling on a rubber band changes its vibration frequency, altering a string’s mode of vibration 
transforms an electron into a neutrino, a quark, or another particle.  
  



Strings have another enticing, even more esoteric property. As they vibrate, they force space and time to curl 
around them, giving rise to gravity in exactly the manner that Einstein described in his theory of relativity. 
String theory thus promises to merge the equations describing the action of the tiny world we cannot see—
that of subatomic particles—with the equations describing gravity and the large-scale world we experience 
every day. Einstein spent the final three decades of his life searching for such a merger, which he likened to 
“reading the mind of God.” String theory may achieve what Einstein could not, a unified theory that explains 
how the universe works.  
  
Throughout modern history, the discovery of each new unifying principle in physics has sparked stunning 
new practical insights. Isaac Newton’s laws of mechanics paved the way for steam engines and the industrial 
revolution. Michael Faraday and James Clerk Maxwell’s insight that electricity and magnetism are two 
aspects of the same force, electromagnetism, ultimately unleashed the age of electronics. Einstein’s 
realization that energy and matter are interchangeable  helped usher in the nuclear age. We can only guess 
at the discoveries that might follow the confirmation of string theory.  
  
Finally, the math behind string theory is extremely sophisticated and beautiful, and the equations have 
survived every mathematical challenge. People who have worked on string theory often walk away with a 
powerful, if unquantifiable, feeling that it smells like truth.  
  
But any theory, no matter how grand, must be reproducible, and that is where testing string theory gets a 
little crazy. Each of the theory’s solutions represents an entire universe, so to test the theory fully, one would 
have to create a baby universe in a laboratory. State-of-the-art technology barely lets us escape the planet, 
never mind re-create another cosmos. So skeptics, who often admit the loveliness of the math, have long 
dismissed string theory as an untestable fantasy.  
  
That could change soon. An array of new devices—including new atom smashers, gravity detectors, 
spaceborne satellites, and buried detectors—could provide significant evidence that would support string 
theory. The rub is that all this new evidence, no matter how compelling, will still provide only indirect proof.   
  
  

GRAVITY-WAVE TEST 
  
The strings in string theory are so tiny—about a billionth of a billionth the size of a proton—they can be 
conjured up only in our imagination. The smallness of the strings means we should look for evidence of them 
shortly after the Big Bang, when the entire universe was extremely small. The vibration of strings in that early 
era should have created ripples in gravity, or gravitational waves, that resonated across the universe at the 
speed of light. String theory predicts the frequencies of such waves. If we observe gravity waves and find 
that their frequency does not match what string theory predicts, the whole idea would be thrown into doubt.  
  
Nobody has yet detected a gravitational wave, but not for a lack of trying. The new Laser Interferometer 
Gravitational Wave Observatory, housed in two sprawling facilities in Louisiana and Washington State, went 
online in 2002. Scientists are still calibrating the equipment and increasing its sensitivity; they are hopeful 
that, in the coming years, the observatory will detect gravitational waves for the first time.  
  
In about eight years, NASA and the European Space Agency plan to launch the Laser Interferometer Space 
Antenna, called LISA. It consists of three satellites orbiting the sun. They will be linked by three laser beams, 
forming a triangle of light whose sides are each 3 million miles long. The satellites are designed to detect a 
change in their spacing as small as one-tenth the diameter of a single atom. In theory, a gravity wave 
passing by would change the contours of space between the satellites, altering how the laser beams 
combine with each other in a measurable way.  
  
Gravity waves should be generated by many sources, including colliding black holes and exploding stars, but 
LISA should also be able to detect waves created immediately after the birth of the cosmos. Earlier satellites 
such as the Wilkinson Microwave Anisotropy Probe detected microwave energy left over from the Big Bang, 
showing what the infant universe looked like when it was roughly 300,000 years old. LISA should be able to 
peer back in time much earlier—to one-trillionth of a second after the Big Bang. 



  
Results from LISA might allow physicists to distinguish between different theories about what happened 
immediately after, and even before, the moment when the universe went bang. A leading cosmological 
model, known as inflation, predicts that our universe is just one part of a greater multiverse and that our Big 
Bang may have been one of many. In this model, our universe expanded extremely rapidly during the first 
fraction of a second of its existence. Another theory, rooted in string theory, envisions a scenario in which the 
Big Bang occurred as a result of the collision between two parallel universes floating in higher-dimensional 
space.  
  
These theories may seem fantastic, but they each predict a specific pattern of gravity waves emitted from the 
Big Bang. LISA might be able to distinguish between some of them, offering an empirical test of conditions 
that existed when the universe began 13.7 billion years ago. Even if LISA is not sensitive enough to perform 
this test, then the betting among physicists is that its successors will be. If the signals LISA and its 
successors pick up are those expected by string theorists, they will verify that some version of string theory is 
the correct quantum theory of gravity. 
  

  
  
   



 
  

PARTICLE-ACCELERATOR TEST 
  
Impatient physicists may not have to wait for LISA to find out whether string theorists are on the right track. In 
just two years, the world’s most powerful particle accelerator, the Large Hadron Collider, will begin operation 
outside Geneva. It will smash high-energy protons into one another in a scenario somewhat analogous to 
shooting two watches out of cannons at each other to find out what they are made of. By sorting through the 
debris momentarily created by the colliding protons, string theorists hope to find massive particles that have 
never been seen before.  
  
According to string theory, familiar particles such as protons, neutrons, and electrons represent the lowest 
vibration mode of a string—the lowest octave, in a sense. Other, higher-pitched vibration modes should 
produce related but substantially more massive families of particles, dubbed superparticles, or sparticles. 
String theory predicts that all subatomic particles have such partners. For example, the electron should have 
a superpartner dubbed the selectron, while each quark has a superpartner called a squark. No one has yet 
detected a sparticle, perhaps because existing particle accelerators are too feeble.  
  
Some physicists expect the Large Hadron Collider to be powerful enough to reveal sparticles. The heart of 
the collider is a 17-mile-long circular tunnel straddling the border of France and Switzerland. There, two 
beams of protons will circulate in opposite directions. When engineers flip a switch in 2007, a 12,000-ampere 
pulse of electrical power will slam down huge coils of electromagnets, creating fields 100,000 times more 
powerful than Earth’s. The magnets will bend particles along a circular path as they accelerate to 99.999999 
percent the speed of light and attain energies approaching 14 trillion electron volts, trillions of times more 
powerful than the energy released by dynamite.  
  
Before the Large Hadron Collider goes hunting for sparticles, it will first test the boundaries of the standard 
model of particle physics, the reigning theory of how subatomic particles behave (see “Catch Me if You Can” 
by Karen Wright, Discover, July 2005). The standard model is perhaps the most successful quantum theory, 
explaining every subatomic interaction witnessed so far, but it merely whets the appetite of string theorists. 
They believe the standard model is contrived, ugly, and incomplete because it contains at least 19 adjustable 
parameters, three near-identical copies of subatomic particles, and no description of gravity.  
  
Superstring theory holds that the standard model describes only the lowest vibration modes of the strings. In 
this view, the standard model does a good job describing the world we know, yet it is unfinished. 
Nevertheless, the standard model has worked as a viable theory for decades. The discovery of sparticles 
would mark its first failure to adequately explain the tiny quantum world and would unleash an avalanche of 
new tests by experimental particle physicists, who sometimes deride string theory as too abstract. Sparticles 
would not, however, seal the deal on string theory. Some physics theories explain the existence of sparticle-
like particles without resorting to strings. 
  
The Large Hadron Collider could support string theory in other ways. For instance, it might create miniature 
black holes predicted by one version of the theory; these in turn would produce telltale showers of subatomic 
particles as they disintegrated. (Physicists say the black holes are so small they pose no danger of 
swallowing up Switzerland and the rest of Earth.) The collider may also be powerful enough to test one of the 
most bizarre predictions of string theory—that there are many dimensions out there. Recent versions of 
string theory predict there are actually seven spatial dimensions beyond the three that we can sense. 
Collisions at the Large Hadron Collider might be able to knock subatomic particles into one of the other 
dimensions, batting them right out of our three-dimensional ballpark. The missing mass and energy, or the 
decay products of the higher-dimension particles themselves, could then be detected by the Large Hadron 
Collider’s sensors. 
  
   



 
  
  

LABORATORY GRAVITY TESTS 
  

There is a surprisingly simple way to detect the higher dimensions predicted by string theory: Look for 
deviations in Newton’s law of gravity. Newton deduced that gravity falls off with the square of distance. 
Double your distance from Earth, for example, and its gravitational pull feels one-fourth as strong. Gravity 
spreads out through all of empty space, so its properties are sensitive to the number of dimensions it is 
spreading through. If the additional dimensions predicted by string theory exist, some gravity should leak 
away into those dimensions as well. We would observe this leakage as slight deviations from the inverse-
square pattern that Newton described. 
  
Newton’s theory has been tested with exquisite accuracy in our solar system and beyond. It is so precise we 
can tell a space probe like Cassini how to weave its way through the rings of Saturn, a billion miles away. 
But according to string theory, at small scales like a millimeter (1/25 of an inch), gravity might hop across 
higher dimensions and perhaps into other, parallel universes, growing diluted in the process. 
  



Six years ago, physicist John Price and his colleagues at the University of Colorado at Boulder conducted 
the first experiment to detect a higher dimension via gravity. The team constructed an ingenious device 
consisting of two parallel tungsten reeds. One of the reeds vibrated 1,000 times per second, creating a small 
gravitational disturbance that ought to tug subtly on the other reed. The motion of the second strip should 
then indicate how gravity traveled between the two.  
  
Price’s device was so responsive it could measure a disturbance a billionth the weight of a single grain of 
sand, but the researchers could find no deviation from Newton’s laws of gravity with the reeds separated by 
a distance of only 0.108 millimeter (1/250 of an inch). A half dozen other groups have developed tests to 
probe the behavior of gravity over similar distances. So far there is no sign of other universes. (Or perhaps 
the experiment just showed that there are no parallel universes in Colorado.) 
  
Perhaps the additional dimensions would show up only on smaller scales—string theory is still somewhat 
vague about this prediction. Other experimentalists are therefore trying to test Newton’s law of gravity over 
distances as small as the size of an atom. Umar Mohideen of the University of California at Riverside is 
attempting to measure the attraction between a minuscule gold-coated polystyrene sphere and a gold-
coated sapphire plate. The attraction is due not just to gravity but also to an esoteric quantum phenomenon 
called the Casimir effect, caused by the latent energy present even in empty space. Mohideen has started by 
trying to measure gravity over distances of a few hundred nanometers, a thousand times the diameter of an 
atom. 
  
A team led by Ricardo Decca of Indiana University–Purdue University has developed an alternative 
approach that would cancel out the Casimir effect and thus measure the gravitational interaction directly. He 
has recently completed a nanoscale experiment that compares the attractive force between a gold-coated 
sphere and test samples of gold and germanium coated with a shared layer of gold. A comparison of the 
forces acting on the gold and on the germanium makes it possible to subtract the role of the Casimir effect 
and expose any previously unseen aspects of gravity, which could provide evidence of string theory’s extra 
dimensions. In the future Decca and his colleagues plan to run an analogous experiment using closely 
spaced plates made of nickel-58 and nickel-64, isotopic forms that have identical chemical properties but 
differ in mass by about 10 percent. To date, Decca’s group has yet to find any sign of higher dimensions, but 
improved versions of the tests will soon be under way.  
  
   



 
  
  
 
  

DARK-MATTER SEARCHES 
  
Like the search for extra dimensions, the hunt for particles may not require city-size, multibillion-dollar 
accelerators. Astronomical studies show that about 23 percent of the mass and energy of the universe 
consists of dark matter, particles that emit no light and that barely interact with ordinary matter except 
through gravitational pull. This unseen material surrounds galaxies and typically weighs several times as 
much as the galaxy itself. No one knows what it is made of, but string theory predicts the abundant existence 
of sparticles that are invisible and massive—precisely the characteristics of dark matter.  
  
Dark matter seems to permeate our own galaxy, the Milky Way. If it consists of sparticles, they should be 
everywhere. As Earth orbits through the Milky Way, our planet should move continually through an unseen 
wind of dark-matter particles that pass right through the planet and everything on it: your neighborhood, your 
living room, your body.  
  
 
 



Several teams in Italy, France, the United Kingdom, Japan, and the United States are racing to capture dark-
matter particles. Many of them rely on high-purity materials such as liquid xenon and germanium crystals, 
cooled to low temperatures and placed in deep mines to shield the devices from the continuous spray of 
ordinary particles that strike Earth’s atmosphere. Most of the time, passing dark-matter particles would fly 
right through the material without hitting anything and thus becoming detectable. (At the quantum level of 
scale, atoms overwhelmingly consist of empty space.) But on rare occasions a dark particle might collide 
with an atom. The sudden recoil of the atom’s nucleus would trigger a shower of electrically charged 
particles and atoms as well as light and heat, which can be picked up by a sensor.  
  
This approach is simple in principle but tricky in practice because many other events can mimic a dark-
matter particle. In 1999 a group at the University of Rome announced that they had found dark matter in their 
detector, but other teams questioned their result when they could not duplicate it. The Cryogenic Dark Matter 
Search, located within the Soudan Mine in Minnesota, is currently about 10 times as sensitive as the 
University of Rome detector was, and yet it sees no sign of the urgently sought particles.  
  
Once particles of dark matter are identified in the laboratory, their properties can be analyzed and compared 
with the predictions of string theory. A leading candidate for dark matter is the neutralino, the sparticle 
partner of force-carrying bosons. String theory predicts that neutralinos may have been created and 
immediately annihilated in tremendous numbers right after the Big Bang. As the universe cooled, a slight 
departure from equilibrium caused more neutralinos to be created than destroyed, leaving an excess that 
persists today. The latest calculations indicate that neutralinos may be 10 times as plentiful as atoms. That 
abundance roughly matches the inferred quantity of dark matter in the universe.  
  
Most physicists are confident that the particles we refer to as dark matter will be found, whether or not they 
are the specific particles predicted by string theory. But what if, contrary to all predictions, nobody ever 
manages to identify a dark-matter particle? For cosmologists and physicists alike, that would trigger an 
intellectual crisis. Yet string theory has another, even odder explanation to offer. Perhaps the dark stuff does 
not consist of unknown particles in our universe. Perhaps it consists of particles residing outside our 
universe—hovering just above us in a parallel dimension.  
  
That may seem like an explanation from a science fiction novel (and it does in fact resemble the principle of 
invisibility set out in H. G. Wells’s The Invisible Man), but it emerges naturally in the higher-dimensional 
mathematics of string theory. Imagine for a moment that our universe is two dimensional, like a piece of 
paper. Now envision another, separate paper-sheet universe lying parallel to ours. We would be oblivious to 
that other universe even if it were just a fraction of an inch away. We would not be able to see it because 
there is no way of sensing or pointing to the higher-dimensional direction that leads to the other universe.   
  
If another, three-dimensional universe were separated from us by a higher dimension, we similarly would not 
be able to see it directly even if it were right next to us. A few physicists, such as Joe Lykken of the Fermi 
National Laboratory and Lisa Randall of Harvard University, speculate that our situation in the real universe 
is just like that. Einstein’s general relativity predicts that gravity from matter in the other universe would leak 
into ours. We would thus feel the tug of matter that we cannot see—another possible explanation of dark 
matter. This unseen pull could be a sign of the higher-dimensional universe predicted by string theory.  
  
Astronomers have noted that invisible matter seems to cluster around galaxies, forming a spherical halo 
stretching up to 10 times the diameter of the visible galaxy. Perhaps this occurs because huge clumps of 
shadow matter in a parallel universe pull on matter in our universe, causing our galaxies to form in mirror-
image locations.  
  
There are no convincing proposals of how to test this idea, but scientists could be forced to take it seriously if 
all the searches for dark matter located within our universe come up empty.  
   
  



 
  
  

PURE MATHEMATICS 
  
Despite new ideas and experimental activity, it is possible that none of these tests will find any support for 
string theory. Perhaps the evidence emerges only at energies much greater than are possible with today’s 
technologies. Perhaps the only way to study strings directly is to run experiments at the so-called Planck 
energy, a level not seen since the first 10–43 second after the Big Bang.  
  
For those of us who want to know the answers before we die, this is a discouraging possibility. In our 
impatience for results, however, we tend to forget that many of the greatest ideas in science have waited 
centuries for even indirect confirmation. In 1783 astronomer John Michell predicted the existence of a star so 
massive that even light could not escape its enormous gravity. His prediction was difficult to accept because 
the object would be impossible to observe. Two hundred years later the Hubble Space Telescope has 
amassed stunning evidence that black holes are real and common—not by seeing the black holes 
themselves but by detecting disks of hot gas spinning around them. 
  
 
 



 
PURE MATHEMATICS 

  

 
Codeveloped by the author, this equation describes strings in 10 dimensions. It cannot be the final equation, 
because it does not incorporate the 11th dimension that is central to M-theory. If physicists can find a master 
version of this formula that includes membranes and describes quantum reality, they will have the final version 
of string theory, and possibly the equation of the universe.  
 
  
Atomic theory offers another example of delayed confirmation. The Greek philosopher Democritus predicted 
that matter is composed of atoms in the fourth century B.C. In 1906, more than two millennia later, physicist 
Ludwig Boltzmann committed suicide in part because he was mercilessly ridiculed for believing in atoms, for 
which there was no direct proof. Our ability to directly observe and manipulate atoms is less than 20 years 
old.  
  
Some theorists, myself among them, believe that the final verdict on string theory will not come from 
experiments at all. Rather, the answer may come from pure mathematics. The principal reason predictions of 
string theory are not well defined is that the theory is not finished. The underlying mathematics of string 
theory was accidentally discovered by two physics postdocs, Gabriele Veneziano of Italy and Mahiko Suzuki 
of Japan, working independently in 1968. The theory has evolved in fits and starts ever since. Even its 
greatest proponents agree that the final version has not yet been determined. When it is, we may be able to 
put it to a mathematical test.  
  
If string theory is sound, it should allow us, mathematically, to compute basic properties of the universe from 
first principles. For instance, it should explain all the properties of familiar subatomic particles, including their 
charges, mass, and other quantum properties. The periodic table of elements that students learn in 
chemistry class should emerge from the theory, with all the properties of the elements precisely correct. If the 
computed properties do not fit the known features of the universe, string theory will immediately become a 
theory of nothing. But if the predictions accurately match reality, that would represent the most significant 
discovery in the history of science. 
  
Einstein once said that “the creative principle resides in mathematics. In a certain sense, therefore, I hold it 
true that pure thought can grasp reality, as the ancients dreamed.” If so, some enterprising physicist could 
vindicate string theory as early as tomorrow. The remarkable proof of the theory might not cost years of effort 
and billions of dollars. It might come instead from the most basic tools of science: paper, pencil, and a 
human brain. 
  

 
  

WHO’S PUSHING STRING THEORY 
  
In its 37-year history, string theory has already experienced two major revolutions. The first showed that strings 
describe gravity and particles and are free of mathematical inconsistencies. The second unified the various 
versions of string theory by adding an 11th dimension. These are just a few of the many key researchers who 
have guided the theory’s development and continue to push it forward. 
  
JOHN SCHWARZ of Caltech showed  that string theory could describe quantum gravity, launching the first 
superstring revolution in 1984. 
  
MICHAEL GREEN of Cambridge worked closely with Schwarz, establishing the viability of string theory as a 
theory of everything. 
  



DAVID GROSS of U.C. Santa Barbara helped develop “heterotic string theory” in the mid-1980s. He shared the 
Nobel Prize in Physics in 2004. 
  
JOSEPH POLCHINSKI of U.C. Santa Barbara showed that multidimensional membranes can describe large 
objects as groups of open strings. 
  
EDWARD WITTEN of Princeton was the driving force behind M-theory, which sparked the second superstring 
revolution, in the mid-1990s. 
  
PAUL TOWNSEND of Cambridge, along with Witten, developed M-theory, an 11-dimensional model that unified 
various forms of string theory. 
  
CUMRUN VAFA of Harvard put string theory on firmer theoretical ground in 1996 when he helped use it to 
calculate the entropy of black holes. 
  
JUAN MALDACENA of Princeton found a link between string theory and field theory in 1997, bridging two 
branches of quantum physics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Emerging Technology 
Total Recall 
How to develop a photographic memory without even trying 
By Steven Johnson [stevenberlinjohnson.com] 
DISCOVER Vol. 26 No. 08 | August 2005 | Technology 
  
  
In the 1880s inventor George Eastman hit upon an ingenious idea for making photographic film flexible so it 
could be stored in compact canisters instead of on heavy, fragile glass plates. The new film was portable 
enough to allow photographers to mail it to a developer and have their pictures sent back in a matter of days. 
Eastman built a camera around this new technology—the Kodak—and an entire industry was born. 
   
Eastman’s story is a classic example of the way declining costs can have radical effects on the way people 
use technology. Before his innovation, photography was a cumbersome and expensive process best suited 
to solemn official portraits. The Kodak made it possible for ordinary Americans to take snapshots at a 
reasonable cost, and so a whole host of everyday situations became fodder for amateur photographers: a 
child’s birthday party, a trip to the beach, a vacation.  
 

 
 

  
We’re going through a comparable revolution thanks to the proliferation of cheap devices for snapping digital 
photographs, coupled with the near-infinite storage of the latest personal computers. Today the costs of 
taking a photograph of medium quality are rapidly approaching zero (that assumes you keep your photos 
digital—you’re paying at least $3,000 a gallon for the inks you use in a photo printer, and the paper that 
digital photos are printed on costs more than conventional photo papers). Many cell phones now come with 
integrated digital cameras that let you upload your photographs to your PC or your Web site with a simple 
click. If you want to take print-quality photos, you still need a stand-alone camera with a real lens. But if 
you’re just trying to capture a passing scene, the camera phones do the job—and they’re getting better with 
each new generation of phones.  
  
The Kodak paradigm suggests that a radical decrease in cost will lead to a transformation in usage, and 
that’s exactly what we’re starting to see. Many amateur digital photographers are choosing to capture parts 
of their lives that wouldn’t have interested the Brownie and Instamatic generations. They take pictures of 
their breakfasts. They take pictures of their subway commute into work. They take pictures of a dreary office 
meeting that’s gone on too long. And they take way too many pictures of their cats. If the first revolution in 
photography was the change in subject matter, from formal events to special events, with the Kodak crowd 
taking pictures of times they wanted to remember, the cell phone crowd uses photography to celebrate the 
banal and the quotidian—they take pictures of events they want to forget. 
  
 
 
 
 
 



Digital shooters also want relatives, friends, and even complete strangers to share their everyday 
experiences. Visit the public user pages at the photo-sharing site Flickr—purchased by Yahoo last year—
and you’ll find massive archives of publicly shared photo albums, called photoblogs. Some of the albums 
include photos of weddings, graduations, and vacations, but others document the stray and decidedly 
nonphotogenic details of daily life, such as someone brushing his teeth in the morning or staring out the 
window of a commuter bus. Because Flickr photobloggers like to add descriptive tags to their snapshots, you 
can browse through images that involve “shaving” or “squirrels” or “orange juice.”  
  
For someone raised in the Kodak era, taking photographs with no scenic or sentimental value seems like a 
form of madness. But photobloggers are trying to capture a life, with its inevitable mix of tedium, ritual, and 
rare flashes of excitement. Flickr photoblogs are close in spirit to diaries. When you look at a traditional 
family photo album, you get a skewed sense of what that family’s real life is like. (“You guys sure spend a lot 
of time standing around smiling in front of waterfalls.”) By contrast, if you sift through a photoblog, you get an 
immediate, visceral impression of daily routines, with little posing, few forced smiles, and hardly any 
waterfalls. Each such digital picture may be worth less—they’re not terribly pretty to look at—but a collection 
might well be of value.  
  
Photoblogs are not purely extroverted. It’s nice to be able to share your cat pictures with perfect strangers, 
but it’s arguably more valuable to create a visual diary as an extension of your own memory. Inspect a 
Polaroid that you took of your college dorm room, for example, and you’ll inevitably find dozens of stray 
details about your life as a 20-year-old that you’d long ago forgotten. Likewise, even low-resolution camera 
phone pictures can be worth a thousand words. It takes time to jot down a paragraph or two describing your 
day at the office, but it takes only a few seconds to snap a few images. And because visual memory is so 
powerfully associative, when you see these images 10 or 20 years from now, it’s likely that a whole host of 
other memories from that day will come rushing back. Perhaps not as many memories as you would have if 
you dutifully wrote out diary entries Samuel Pepys–style each night, but who has that kind of time anymore?  
  
Digital cameras are leading the way toward a passive diary keeping, in which common forms of personal 
technology churn along in the background. For example, I save all my e-mail messages—there are 13,023 
messages in my in-box as of this morning—and hence have a passive diary tracking many of my most 
important conversations over the past four or five years, along with a shocking amount of spam. Reading 
through some of those old messages gives a remarkably vivid account of what my life was like back then: my 
obsessions and worries and small triumphs. And yet I didn’t need to spend a second thinking about creating 
this archive for posterity’s sake. I just carried on my normal e-mail business, and my computer took care of 
the archiving.  
  
The cell phone manufacturer Nokia recently introduced a new software package for camera phones and 
Windows PCs called Lifeblog, which combines e-mail and the passive diary mode of the photoblog in one 
artful package. In essence, Lifeblog records a timeline of all the events that flow through your cell phone’s 
memory. Schedule an appointment, and Lifeblog will put it on the timeline; take a picture, and Lifeblog will 
archive it; get an instant message from a friend, send an e-mail, or retrieve a voice-mail message—Lifeblog 
will store it away in its running account of your digital life. When you sync your phone with your PC, you can 
launch the Lifeblog program and see a rendered account of your time—a long thread of information, woven 
together with images you’ve captured along the way.  
  
The premise behind Lifeblog is not a new one: A number of computer visionaries, including Gordon Bell of 
Microsoft, have proposed software interfaces organized fundamentally around time, as a way of augmenting 
memory. Bell’s experimental project, called MyLifeBits, chronicles the entire flow of information through his 
life—everything from articles and books to phone calls and home movies. That kind of data storage might 
seem overly ambitious if you prefer to spend your time living your life and not archiving it. But the beauty of 
Lifeblog’s orientation around the cell phone and the camera is that it lets you record life away from the PC 
screen, without actively thinking about the archival process.  
 
 
 
 



  
Skeptics should be reminded of the scene in Madonna’s self-obsessed documentary, Truth or Dare, in which 
she takes along an entire film crew—and her then boyfriend Warren Beatty—to her appointment with a throat 
doctor. As the cameras record the physician peering down at Madonna’s tonsils, Beatty says derisively from 
the shadows: “She doesn’t want to live off camera, much less talk. There’s nothing to say off camera. Why 
would you say something if it’s off camera? There’s no point in existing.” In Madonna’s case there were 
genuine costs—both of convenience and expense—associated with lugging  
a whole film crew around, so Beatty’s derision made sense. But in the near-zero-cost world of Flickr and 
Lifeblog, it’s easier to justify keeping a visual diary of our ordinary days. We do it because we like to 
remember.  
   
  

 
More than four out of five nondisposable cameras sold in the United States this year will be digital, and nearly 

half of all new cell phones can be used to snap photos. Meanwhile, the amount of film sold annually has 
dropped 60 percent since 2000. 

 


