
INTRODUCTION

We are poised on the edge of discovery. The biggest and most exciting 
experiments in particle physics and cosmology are under way and many 
of the world’s most talented physicists and astronomers are focused on 
their implications. What scientists fi nd within the next decade could 
provide clues that will ultimately change our view of the fundamental 
makeup of matter or even of space itself—and just might provide a more 
comprehensive picture of the nature of reality. Those of us who are fo-
cused on these developments don’t anticipate that they will be mere post-
modern additions. We look forward to discoveries that might introduce 
a dramatically different twenty-fi rst-century paradigm for the universe’s 
underlying construction—altering our picture of its basic architecture 
based on the insights that lie in store.

September 10, 2008, marked the historic fi rst trial run of the Large 
Hadron Collider (LHC). Although the name—Large Hadron Collider—
is literal but uninspired, the same is not true for the science we expect 
it to achieve, which should prove spectacular. The “large” refers to the 
collider—not to hadrons. The LHC contains an enormous 26.6 kilome-
ter1 circular tunnel deep underground that stretches between the Jura 
Mountains and Lake Geneva and crosses the French-Swiss border. Elec-
tric fi elds inside this tunnel accelerate two beams, each consisting of 
billions of protons (which belong to a class of particles called hadrons—
hence the collider’s name), as they go around—about 11,000 times each 
second.

The collider houses what are in many respects the biggest and most 
impressive experiments ever built. The goal is to perform detailed stud-
ies of the structure of matter at distances never before measured and 
at energies higher than have ever been explored before. These energies 
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should generate an array of exotic fundamental particles and reveal in-
teractions that occurred early in the universe’s evolution—roughly a tril-
lionth of a second after the time of the Big Bang.

The design of the LHC stretched ingenuity and technology to their 
limits and its construction introduced even further hurdles. To the great 
frustration of physicists and everyone else interested in a better under-
standing of nature, a bad solder connection triggered an explosion a mere 
nine days after the LHC’s auspicious initial run. But when the LHC 
came back on line in the fall of 2009—working better than anyone had 
dared anticipate—a quarter-century promise emerged as a reality.

In the spring of that same year, the Planck and Herschel satellites 
were launched in French Guiana. I learned about the timing from an 
excited group of Caltech astronomers who met May 13 at 5:30 a.m. in 
Pasadena, where I was visiting, to witness remotely this landmark event. 
The Herschel satellite will give insights into star formation, and the 
Planck satellite will provide details about the residual radiation from the 
Big Bang—yielding fresh information about the early history of our uni-
verse. Launches such as this are usually thrilling but very tense—since 
two to fi ve percent fail, destroying years of work on customized scientifi c 
instruments in those satellites that fall back to Earth. Happily this par-
ticular launch went very well and sent information back throughout the 
day, attesting to just how successful it had been. Even so, we will have to 
wait several years before these satellites give us their most valuable data 
about stars and the universe.

* *

Physics now provides a solid core of knowledge about how the universe 
works over an extremely large range of distances and energies. Theoreti-
cal and experimental studies have provided scientists with a deep under-
standing of elements and structures, ranging from the extremely tiny to 
the very large. Over time, we have deduced a detailed and comprehensive 
story about how the pieces fi t together. Theories successfully describe 
how the cosmos evolved from tiny constituents that formed atoms, which 
in turn coalesced into stars that sit in galaxies and in larger structures 
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spread throughout our universe, and how some stars then exploded and 
created heavy elements that entered our galaxy and solar system and 
which are ultimately essential to the formation of life. Using the results 
from the LHC and from such satellite explorations as those mentioned 
above, today’s physicists hope to build on this solid and extensive base to 
expand our understanding to smaller distances and higher energies, and 
to achieve greater precision than has ever been reached before. It’s an 
adventure. We have ambitious goals.

You have probably heard very clear, apparently precise defi nitions 
of science, particularly when it is being contrasted with belief systems 
such as religion. However, the real story of the evolution of science 
is complex. Although we like to think of it—at least I did when fi rst 
starting out—as a reliable refl ection of external reality and the rules by 
which the physical world works, active research almost inevitably takes 
place in a state of indeterminacy where we hope we are making prog-
ress, but where we really can’t yet be sure. The challenge scientists face 
is to persevere with promising ideas while all the time questioning them 
to ascertain their veracity and their implications. Scientifi c research in-
evitably involves balancing delicately on the edge of diffi cult and some-
times confl icting and competing—but often exciting—ideas. The goal 
is to expand the boundaries of knowledge. But when fi rst juggling data, 
concepts, and equations, the correct interpretation can be uncertain to 
everyone—including those most actively involved.

My investigations focus on the theory of elementary particles (the 
study of the smallest objects we know of), with forays into string theory 
as well as cosmology—the study of the largest. My colleagues and I 
try to understand what’s at the core of matter, what’s out there in the 
universe, and how all the fundamental quantities and properties that 
experimenters discover are ultimately connected. Theoretical physicists 
like myself don’t do the actual experiments that determine which theo-
ries apply in the real world. We try instead to predict possible outcomes 
for what experiments might fi nd and help devise innovative means for 
testing ideas. In the foreseeable future, the questions we try to answer 
will likely not change what  people eat for dinner each day. But these 
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studies could ultimately tell us about who we are and where we came 
from.

Knocking on Heaven’s Door is about our research and the most impor-
tant scientifi c questions we face. New developments in particle physics 
and cosmology have the potential to revise radically our understanding 
of the world: its makeup, its evolution, and the fundamental forces that 
drive its operation. This book describes experimental research at the 
Large Hadron Collider and theoretical studies that try to anticipate what 
they will fi nd. It also describes research in cosmology—how we go about 
trying to deduce the nature of the universe, and in particular that of the 
dark matter hidden throughout the universe.

But Knocking on Heaven’s Door also has a wider scope. This book 
explores more general questions that pertain to all scientifi c investiga-
tions. Along with describing the frontiers of today’s research, clarifying 
the nature of science is at the core of what this book is about. It describes 
how we go about deciding which are the right questions to pose, why sci-
entists don’t always agree even on that, and how correct scientifi c ideas 
ultimately prevail. This book explores the real ways in which science 
advances and the respects in which it contrasts with other ways of seek-
ing truth, giving some of the philosophical underpinnings of science and 
describing the intermediate stages at which it is uncertain where we will 
end up or who is right. Also, and as importantly, it shows how scientifi c 
ideas and methods might apply outside science, thus encouraging more 
rational decision-making in other spheres as well.

Knocking on Heaven’s Door is intended for an interested lay reader 
who would like to have a greater understanding of current theoretical 
and experimental physics and who wants a better appreciation of the 
nature of modern science—as well as the principles of sound scientifi c 
thought. Often  people don’t really understand what science is and what 
we can expect it to tell us. This book is my attempt to correct some of the 
misconceptions—and perhaps vent a little of my frustration with the way 
science is currently understood and applied.

The last few years have provided me with some unique experiences 
and with conversations that have taught me a great deal, and I want to 
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share these as launching points to explore some important ideas. Al-
though I’m not a specialist in all the areas I cover and there is not enough 
space to do them all full justice, my hope is that this book will lead read-
ers in more productive directions, while elucidating some exciting new 
developments along the way. It should also help readers identify the most 
reliable sources of scientifi c information—or misinformation—when 
they look for further answers in the future. Some of the ideas this book 
presents might appear very basic, but a more thorough understanding 
of the reasoning that underlies modern science will help pave a better 
approach both to research and to important issues the modern world 
currently faces.

In this era of movie prequels, you can think of Knocking on Heaven’s 
Door as the origin story to my previous book, Warped Passages, combined 
with an update of where we are now and what we are anticipating. It fi lls 
in the gaps—going over the basics about science that underlie new ideas 
and new discoveries—and explains why we’re on the edge of our seats 
waiting for new data to emerge.

The book alternates between details of science being done today and 
refl ections on the underlying themes and concepts that are integral to 
science but that are useful for understanding the broader world as well. 
The fi rst part of the book, Chapters 11 and 12 in the second part, Chap-
ters 15 and 18 in the third part, and the fi nal (Roundup) part are more 
about scientifi c thinking, whereas the remaining chapters focus more on 
physics—where we are today and how we got there. In some respects, 
it is two books in one—but books that are best read together. Modern 
physics might appear to some to be too far removed from our daily lives 
to be relevant or even readily comprehensible, but an appreciation of the 
philosophical and methodological underpinnings that guide our thinking 
should clarify both the science and the relevance of scientifi c thinking—
as we’ll see in many examples. Conversely, one will only fully grasp the 
basic elements of scientifi c thinking with some actual science to ground 
the ideas. Readers with a greater taste for one or the other might choose 
to skim or skip one of the courses, but the two together make for a well-
balanced meal.
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A key refrain throughout the book will be the notion of scale. The 
laws of physics provide a consistent framework for how established 
theoretical and physical descriptions fi t together into a coherent whole, 
from the infi nitesimal lengths currently explored at the LHC to the 
enormous size of the entire cosmos.2 The rubric of scale is critical to 
our thinking, as well as to the specifi c facts and ideas we will encoun-
ter. Established scientifi c theories apply to accessible scales. But those 
theories become absorbed in increasingly precise and more fundamen-
tal ones as we add newly gained knowledge from previously unexplored 
distances—small or large. The fi rst chapter focuses on the defi ning el-
ement of scale, explaining how categorizing by length is essential to 
physics and to the way in which new scientifi c developments build upon 
prior ones.

The fi rst part also presents and contrasts different ways of approach-
ing knowledge. Ask  people what they think about when they think about 
science, and the answers are likely to be as varied as the individuals you 
ask. Some will insist on rigid, immutable statements about the physical 
world. Others will defi ne it as a set of principles that are constantly being 
replaced, and still others will respond that science is nothing more than 
another belief system, not qualitatively different from philosophy or reli-
gion. And they would all be wrong.

The evolving nature of science is at the heart of why there can be so 
much debate—even within the scientifi c community itself. This part 
presents a little of the history that informs how today’s research is rooted 
in seventeenth-century intellectual advances and then continues with 
a  couple of less-featured aspects of the science-religion debate—a con-
frontation that in some respects originated at that time. It also looks into 
the materialist view of matter and its thorny implications for the science-
religion question, as well as the issue of who gets to answer fundamental 
questions and how they go about it.

Part II turns to the physical makeup of the material world. It charts 
the terrain for the book’s scientifi c journey, touring matter from familiar 
scales down to the smallest ones, all the while partitioning according to 
scale. This path will take us from recognizable territory down to submi-
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croscopic sizes whose internal structure can be probed only by giant par-
ticle accelerators. The section closes with an introduction to some of the 
major experiments being performed today—the Large Hadron Collider 
(LHC) and astronomical probes into the early universe—which should 
broaden the extreme edges of our understanding.

As with any exciting development, these bold and ambitious enter-
prises have the potential to alter radically our scientifi c worldview. In 
Part III, we’ll start to dig down into the LHC’s operations and explore 
how this machine creates and collides proton beams to produce new 
particles that should tell us about the smallest accessible scales. This 
section also explains how experimenters will interpret what is found.

CERN (as well as the hilariously misleading Hollywood blockbuster 
Angels and Demons) has gone a long way toward publicizing the experi-
mental side of particle physics. Many have now heard of the giant par-
ticle accelerator that will smash together very energetic protons that will 
be focused in a tiny region of space to create forms of matter never seen 
before. The LHC is now running and is poised to change our view of the 
fundamental nature of matter and even of space itself. But we don’t yet 
know what it will fi nd.

In the course of our scientifi c journey, we’ll refl ect on scientifi c un-
certainty and what measurements can truly tell us. Research is by its 
nature at the edge of what we know. Experiment and calculation are de-
signed to reduce or eliminate as many uncertainties as possible and pre-
cisely determine those that remain. Nonetheless, though it might sound 
paradoxical, in practice, on a day-to-day basis, science is fraught with 
uncertainty. Part III examines how scientists address the challenges in-
trinsic to their diffi cult explorations and how everyone can benefi t from 
scientifi c thinking when interpreting and understanding statements that 
are made in an increasingly complex world.

Part III also considers black holes at the LHC, and how the fears that 
were raised about them contrast with some real dangers we currently 
face. We’ll consider the important issues of cost-benefi t analysis and risk, 
and how  people might better approach thinking about them—both in 
and out of the lab.
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Part IV describes the Higgs boson search as well as specifi c models, 
which are educated guesses for what exists and are search targets for 
the LHC. If LHC experiments confi rm some of the ideas theorists have 
proposed—or even if they uncover something unforeseen—the results 
will change the way we think about the world. This section explains the 
Higgs mechanism responsible for elementary particle masses as well as 
the hierarchy problem that tells us we should fi nd more. It also investi-
gates models that address this problem and the exotic new particles they 
predict, such as those associated with supersymmetry or extra dimen-
sions of space.

Along with presenting specifi c hypotheses, this part explains how 
physicists go about constructing models and the effi cacy of guiding prin-
ciples such as “truth through beauty” and “top-down” versus “bottom-
up.” It explains what the LHC is searching for, but also how physicists 
anticipate what it might fi nd. This part describes how scientists will try 
to connect the seemingly abstract data the LHC will produce to some of 
the deep and fundamental ideas that we currently investigate.

Following our tour of research into the interior of matter, we’ll look 
outward in Part V. At the same time as the LHC probes the tiniest scales 
of matter, satellites and telescopes explore the largest scales in the cos-
mos—studying the rate at which its expansion accelerates—and also 
study details of the relic radiation from the time of the Big Bang. This era 
could witness astounding new developments in cosmology, the science of 
how the universe evolved. In this section, we’ll explore the universe out 
to larger scales and discuss the particle physics–cosmology connection, 
as well as the elusive dark matter and experimental searches for it.

The fi nal roundup in Part VI refl ects on creativity, and the rich and 
varied elements of thought that enter into creative thinking. It exam-
ines how we attempt to answer the big questions through the somewhat 
smaller seeming activities we engage in on a day-to-day basis. We’ll con-
clude with some fi nal thoughts on why science and scientifi c thinking 
are so important today, as well as the symbiotic relationship between 
technology and scientifi c thinking that has produced so much progress 
in the modern world.
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I am frequently reminded how tricky it can be for non-scientists to 
appreciate the sometimes remote ideas that modern science addresses. 
This challenge became apparent when I met with a class of college stu-
dents following a public lecture I gave about extra dimensions and phys-
ics. When I was told they all had the same pressing question, I expected 
some confusion about dimensions, but instead learned that they were 
eager to know my age. But lack of interest isn’t the only challenge—
and the students actually did go on to engage with the scientifi c ideas. 
Still, there is no denying that fundamental science is often abstract, and 
justifying it can be diffi cult—a hurdle I had to face at a congressional 
hearing about the importance of basic science that I attended in the 
fall of 2009 along with Dennis Kovar, director of High Energy Physics 
at the U.S. Department of Energy; Pier Oddone, director of the Fermi 
National  Accelerator Laboratory; and Hugh Montgomery, director of Jef-
ferson Lab, a nuclear physics facility. This was my fi rst time in the halls 
of government since my congressman, Benjamin Rosenthal, took me 
around when I was a high school fi nalist in the Westinghouse Science 
Competition many years before. He generously provided me with more 
than the mere photo op that the other fi nalists had received.

During my more recent visit, I again enjoyed observing the offi ces 
where policy is made. The room dedicated to the House Committee on 
Science and Technology is in the Rayburn House Offi ce Building. The 
representatives sat in the back and we “witnesses” sat facing them. Inspi-
rational plaques hung above the representatives’ heads, the fi rst of which 
read “When there is no vision the  people perish. Proverbs 29:18.”

It seems American government must refer to scripture even in the 
congressional room explicitly dedicated to science and technology. The 
line nonetheless expresses a noble and accurate sentiment, which we all 
would like to apply.

The second plaque contained a more secular quote from Tennyson: 
“For I dipped into the future, far as my eyes could see / Saw the 

vision of the world and all the wonder that would be.”
That was also a nice thought to bear in mind while describing our 

research goals.
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The irony was that the room was arranged so that we “witnesses” from 
the science world—who already were sympathetic to these statements— 
faced the plaques, which hung directly in our line of view. The repre-
sentatives, on the other hand, sat underneath the words so they couldn’t 
see them. Congressman Lipinski, who in opening statements said that 
discoveries inspire more questions—and large metaphysical inquiries— 
acknowledged that he used to notice the plaques but they were now all 
too easy to forget. “Few of us ever look up there.” He expressed his grati-
tude for being reminded.

Moving on from the decor, we scientists turned to the task at hand—
explaining what it is that makes this such an exciting and unprecedented 
era for particle physics and cosmology. Although the representatives’ 
questions were occasionally pointed and skeptical, I could appreciate the 
resistance they constantly face in explaining to their constituents why it 
would be a mistake to stop funding scientifi c work—even in the face of 
economic uncertainties. Their questions ranged from details about the 
purposes of specifi c experiments to broader issues concerning the role of 
science and where it is heading.

In between the absences of the representatives, who periodically had 
to leave to vote, we gave some examples of the side benefi ts accrued 
by advancing fundamental science. Even science intended as basic re-
search often proves fruitful in other ways. We talked about Tim Ber-
ners-Lee’s development of the World Wide Web as a means of letting 
physicists in different countries collaborate more readily on their joint 
experiments at CERN. We discussed medical applications, such as PET 
scans— positron emission tomography—a way of probing internal body 
structure with the electron’s antiparticle. We explained the role of the 
industrial-scale production of superconducting magnets that were de-
veloped for colliders but now are used for magnetic resonance imaging 
as well, and fi nally the remarkable application of general relativity to 
precision predictions, including the global positioning systems we use 
daily in our cars.

Of course signifi cant science doesn’t necessarily have any immediate 
benefi t in practical terms. Even if there is an ultimate pay-off, we rarely 

KnockingHeaven_i_xxiv_1_440_F.indd   xxKnockingHeaven_i_xxiv_1_440_F.indd   xx 7/18/11   4:31 PM7/18/11   4:31 PM



 INTRODUCTION xx i

know about it at the time of the discovery. When Benjamin Franklin 
realized lightning was electricity, he didn’t know electricity soon would 
change the face of the planet. And when Einstein worked on general 
relativity, he didn’t anticipate it would be used in any practical devices.

So the case we made that day was focused primarily not on specifi c 
applications, but rather on the vital importance of pure science. Though 
the status of science in America might be precarious, many  people cur-
rently recognize its worth.  Society’s view of the universe, time, and space 
changed with Einstein—as the original lyrics of “As Time Goes By” 
quoted in Warped Passages attest to.3 Our very language and thoughts 
change as our understanding of the physical world develops and as new 
ways of thinking progress. What scientists study today and how we go 
about this will be critical both to our understanding of the world and to 
a robust and thoughtful society.

We are currently living in an extraordinarily exciting era for physics 
and cosmology, with some of the edgiest investigations ever proposed. 
Through a wide-ranging set of explorations, Knocking on Heaven’s Door 
touches on our different ways of understanding the world—through art, 
religion, and science—but chiefl y with a focus on the goals and methods 
of modern physics. Ultimately, the very tiny objects we study are integral 
to discovering who we are and where we came from. The large-scale 
structures we hope to learn more about could shed light on our cosmic 
environment as well as on the origin and fate of our universe. This book 
is about what we hope to fi nd and how it might happen. The journey 
should be an intriguing adventure—so welcome aboard.
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