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INTRODUCTION
What’s up everybody? Welcome to this week’s episode of Hidden Forces with me, Demetri Kofinas. Today, I
speak with astrophysicist and experimental cosmologist Brian Keating. Brian has devoted his career to
developing and using scientific instrumentation to study the early universe. He is the author of over 100
scientific publications and holds two U.S. Patents. He received an NSF CAREER award in 2006 and a 2007
Presidential Early Career Award for Scientists and Engineers at the White House from President Bush for a
telescope he invented and deployed at the U.S. South Pole Research Station called “BICEP". Professor Keating
became a Fellow of the American Physical Society in 2016 and co-leads the Simons Observatory Cosmic
Microwave Background experiments in the Atacama Desert of Chile. He is the author of the recently published
Losing the Nobel Prize: A Story of Cosmology, Ambition, and the Perils of Science's Highest Honor, selected as
one of Amazon’s Ten Best Nonfiction Books of the Month and one of Nature Magazine’s Six Best Books of the
Season. Brian, welcome to Hidden Forces…

BACKGROUND
1. Staring at the Sky ― I can’t remember any particular moment when I became fascinated by the stars. I
do remember feeling as though space were “the final frontier,” to steal a popular phrase. I was a Star
Trek fanatic, and boarder-line obsessed with theories about alien abductions and extraterrestrial visits,
but my curiosity about space ended there. Your love affair with the cosmos on the other hand, has been
a lifelong obsession. How did your romance with the cosmos beginning?
2. Sharing the Sky ― It’s interesting hearing you describe how other kids felt when you showed them the
sky from your telescope: “Can we look at that neighbor girl again?” or worse, “You mean that white
smudge in the eyepiece? Oh. That’s it?” What do you think set you apart in taking delight at these
“ethereal skyscapes,” as you refer to them? Have you found that your colleagues have similar stories of
early attraction or obsession with the stars? You said that your telescope became your time machine…
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3. Time Machine ― You refer to your first telescope as being your “time machine…a ride to other- worldly
vistas.” How old were you when you got your first telescope and what was that experience like? Do you
think there is a common sense of wonder which strikes all children who first encounter instruments like
telescopes, microscopes, telephones, etc., which allow us to extend our senses and perceptions beyond
our natural capacities? Do you think something important is lost when we take for granted the extent to
which our perceptions are shaped by the panoply of instruments we use as staples of our daily lives?
4. Childhood Heroes ― I think most people can
relate to the experience of having a role model
or a hero after whom we mold a conscious
likeness during our early years. Yours was Galileo
Galilei. To be precise, you said he was your “first
hero.” How did you first encounter Galileo? Did
you hear about him from a teacher, from your
parents, from television? When did you first
begin to read his work? How did he serve as a
role model and hero for you? Was this an early
indication of your affinity for experimentation
and observation over theory and modeling?

DIVINING THE MYSTERY
5. Early Cosmology ― Cosmology is one of those fields that has a very long history, because of its centrality
in theories of human origin. Some of the oldest mythologies and religions we have records of reference
the movement of heavenly bodies in their explanations for the origins and nature of the world. Can you
give us a history lesson on the progression of cosmology through the ages? Most people begin with
Aristotle, as he is credited with having proposed the first geocentric model of a spherical earth around
which the planets move. Pythagoras and Anaximander before him put forward their own theories
(Pythagoras speculated that the earth was a sphere in motion around some unseen fire), but Aristotle’s
theory was the model adopted by Ptolemy, who later developed a mathematical theory to explain (and
predict) the motion of the planets around an earth that sits at the center of the universe. The model
worked well in its predictive capacity, but it was inelegant…and wrong. Ptolemy’s model serves to
illuminate two points. The first is one of elegance or beauty and the second is one of experimentation or
falsifiability. Ptolemy’s mathematical model for explaining the motion of heavenly bodies was, in some
sense, ugly. The search for a unified theory in physics has been accompanied by an expectation that it
should be beautiful…that
it should be simple. How
does this notion of beauty
or simplicity inform your
work? Do you believe that
accurate theories about
the world should be
beautiful? What does
Ptolemy’s model tell us
about the importance of
experimentation and of
being able to collect data
that confirms or falsifies
our theories?
2

6. Heliocentrism ― How radical a departure do you think heliocentrism was from the prevailing theory of
the time? How much of the resistance to heliocentrism was a direct result of the power of the church
and it’s need to interpret Christianity through a geocentric worldview? It’s not clear to me that Ptolemy
lacked anything that Copernicus had other than the capacity to imagine an alternative explanation for
the same observational data. How important is creativity and the capacity for one to imagine/entertain
alternative perspectives for solving great problems? How important was the elegance of a heliocentric
model (it’s use of concentric circles to explain planetary orbits) in compelling Copernicus and others to
adopt it as a theory for explaining the motion of heavenly bodies? Was there resistance to Kepler’s laws
of planetary motion that posited elliptical orbits for the planets for reason that such a model was less
elegant than the circular orbits posited by Copernicus?
7. Galileo Galilei ― Galileo is associated with the start of the scientific revolution, because what he did was
make observations in order to confirm or refute a scientific theory. How important was Galileo in the
progression of scientific thought, and more specifically, of experimental cosmology? Though Galileo was
not the first to invent a telescope, to my knowledge, his was the first for which we have observational
data, correct? First, can you explain for us how a telescope works? How powerful were Galileo’s first
telescopes, how did they evolve, and how revolutionary were they for the time? Have you ever imagined
what it must have felt like to have created such a simple instrument with which to make such profound
observations? (Moon craters, Saturn’s rings, Jupiter’s moons, shadows on Venus, etc.) How do you think
this compares to your own experience of building and using Bicep2 and other observational
instrumentation? Despite Galileo’s great insights and his contribution in driving a steak through the heart
of geocentricism, he too suffered from confirmation bias, most notably in his speculations about nebula
and the reason for the earth’s tidal forces.
8. The Great Debates ― The next 400-500 years have led to a smorgasbord of observational data collected
to support or refute a series of influential theories about the origin, make, size, and nature of the
universe. Galileo’s telescope started the series of “Great Debates,” as you call them (not to be confused
with “the Great Debate” of Shapley & Curtis). By your definition, Copernicus initiated these debates by
postulating a heliocentric theory of the universe, which was a direct assault on the prevailing geocentric
view adopted by the Catholic church. The Herschels’ telescope extended the Debates beyond the solar
system to the Milky Way’s structure, putting our solar system at the center of our galaxy, restoring a
geo-centric model of sorts. How important was this moment, not in terms of the observations
themselves, but in falsifying a model of the world that had stood for nearly 2,000 years? Did this help
cultivate an atmosphere of empiricism that blossomed over the next 500 years?

3

9. Leavitt’s Law and Creative Instrumentation ― The contributions of people like Henrietta Leavitt are
seldom appreciated, but I want to meditate on them briefly here. Specifically, I want to appreciate the
creative ways in which we measure data and extract information that would otherwise be unusable to
us. Leavitt’s insight was that there was a clear relationship between the brightness of what are known
as Cepheid’s (globular clusters consisting of more than 100,000 stars) and their periods. This allowed us
(and specifically, Harlow Shapley) to use Cepheid’s to measure distance across the galaxy. This led to his
conclusion that we are not, in fact, at the center of our galaxy, resolving the second Great Debate in
favor of the Copernican Principle: we are not privileged in our place in the galaxy. The use of this
relationship in Cepheid’s (b/w their brightness and their periods) is known as a “standard candle,” but
similar laws have been discovered in other fields of
science that have led to similar, if not more
profound insights. Radioactive decay is another
great example. Is there a term for such phenomena
that become measuring devices or translators for
information about our world?
10. Curtis-Shapley Debate ― Although Harlow Shapley
was able to show that our solar system (and thus
earth) is not at the center of the galaxy, he believed
that the Milky Way galaxy was “all there is” – that it
was synonymous with the universe. Heber Curtis
reasoned that the structure of the galaxy was too
irregular for it to be the entire universe. But that wasn’t dispositive. If, on the other hand, he could find
another galaxy, even just one, Curtis could demote the Milky Way to a more modest station and
dethrone it from its previous status as the entire universe. This was eventually accomplished through
the findings/work of Edwin Hubble, who found a Cepheid cluster of stars inside the Andromeda Nebula,
allowing him to measure its distance from earth. That distance (more than 2.5 million light years away)
put it so far outside our galaxy that it had to be a galaxy in its own right: hence the name the Andromeda
Galaxy. This had the much larger implication that the universe was larger than our own galaxy. How did
the findings of the early 1900’s, particularly Hubble’s observations impact support for the steady state
theory? How did this help open the door to what became the “big bang” theory?
11. Lemaître–Hubble ― Through the combined work of George Lemaitre and Edwin Hubble, we learned
that the universe is
expanding
like
the
surface of a balloon,
increasing the distance
between all observers.
There is no “center” of
the universe, just as
there is no center of the
surface of the balloon.
By implication, the static
universe model was
disproven. This began
the fourth Great Debate:
the question of whether
there was both a
privileged place and
time in the universe’s
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history. In other words, if the universe is expanding, does this mean that the universe as a point of origin
– that there was a beginning? How did Hubble and Lemaitre’s work disprove the static universe? How
did Hubble use our understanding about the speed of an object and the wavelength of the light it emits
in order to posit the theory of inflation? How did Hubble’s measurements that showed that galaxies
further away are moving faster than ones that are closer support the inflationary hypothesis? How did
Lemaitre first posit the theory later to be known as “the big bang?” What were the most “distributing”
implications of Lemaitre’s theory and Hubble’s findings? What problems did they create for the steady
state theorists? What sorts of problems did the inflationary hypothesis generate for which we needed
additional data to confirm? (smoothness, flatness, & horizon)
12. Massive Horn Antenna ― The story of how radio astronomers Arno Penzias and Robert Wilson even had
the opportunity to discover the CMB (cosmic microwave background) is remarkable. Can you tell us a bit
about how this came together and the significance of their findings? It was the failure of the Echo balloon
project and the launch of the Telstar satellite that freed up this 6m (20-foot) diameter antenna created
by Bell Labs. In fact, their findings came simply from their attempt to calibrate their instrument, which
proved seemingly impossible. The “hiss” that they were hearing – and attempting to clear – was, in fact,
the CMB. Working with Bob Dicke et al., these scientists put forward a theory for an expanding universe
that must be “expanding from a high-temperature collapsed state.” What was it about the CMB that
pointed to such a conclusion? Was the discovery of the CMB just one more piece of evidence in support
of dark matter, or was it more significant than that? What is the “Big Rip?”
13. Hubble Telescope ― How significant is the Hubble Telescope as a tool in the history of experimental
cosmology? Besides allowing us to see the contents of space, has it provided insights comparable to
those generated from our observations of wavelengths or of the CMB? What is the Hubble deep field?
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14. Keck Observatory ― How did astronomers at Keck conclude, in 1998 that the Universe’s rate of
expansion is accelerating? How did this lead to the theory of “dark energy?” What is the difference
between dark energy and dark matter? How did astronomers observe the black hole at the center of the
Milky Way in 2002? Are there any other major achievements? Are most of the important observations
that can be made from such telescopes generated early in the operational lifespan of these instruments?
Can we expect other, major discovers to come from telescopes that have been in existence for more
than 10 or 20 years?
15. BICEP ― In the 1980s, physicists Alan Guth and Andrei Linde developed the theory of cosmic inflation to
fill the hole left by a discredited static universe. For years BICEP2 looked for a swirling, twisting pattern
in the CMB that cosmologists believed could only have been caused by gravitational waves squeezing
and stretching space-time as they rippled through the infant universe. In March of 2014, the team at
BICEP2 announced that they had discovered evidence of these gravitational waves. Can you tell us what
this was like for you, to learn that a project you were associated with may have discovered conclusive
evidence about the origins of the universe? How quickly did the fallout of these premature claims begin,
and what impact did this have on you and your team?
16. BICEP2/Planck ― The BICEP and Planck teams joined forces soon after to see if they could verify the
assertions made in March 2014. Can you tell us what they found (dust)? How did this experience of
cooperation change your feelings and thoughts about the competitive nature of scientific research?

REFORMING THE NOBEL
17. A Nobel Origin ― What is the origin of the Nobel prize? What was the original, stated purpose of the
prize? How has the prize strayed from Alfred’s originally stated wishes?
18. Criticisms ― What is your biggest criticism of the prize? Are prizes in different areas of science more
prone to abuse than in other areas? How many prizes are there?
19. Bad Incentives ― How does the prospect of winning a Nobel prize influence the conduct and outcome
of scientific research?
20. Reform ― You have suggested several remedies. You’ve argued that the physics prizes should be
awarded only for serendipitous findings; If a team finds something it had set out to look for, it should
not gain the Nobel. You’ve also said that Nobel prizes should be awarded to an entire team, and that
prizes should be allowed to be awarded posthumously. How would these changes (and others) motivate
scientists to think outside the box in conducting research and encourage cooperation?
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FINDING YOUR RELIGION
21. The Father ― You write about your father in the book, and about how you reconnected with him after
decades of estrangement only to lose him during the course of your research. This book contains many
layers – many journeys. On one level there is your journey as a scientist and as an explorer of the
universe. On another level there is your journey into yourself, experienced through the loss of the Nobel
prize and the loss of your father. Can you speak to us about what it was like to lose your father? How did
it change you? How did that loss put your career “A calm and modest life brings more happiness
ambitions and life in a new perspective?
than the pursuit of success combined with
22. Religion ― There is this unfortunate sense of constant restlessness.” – Albert Einstein
incompatibility in the public mind between science
and religion. People seem to equate being “scientific” with being an atheist. There’s also a connection in
the public mind between intelligence and religiosity: the more religious, the less intelligent. But scientists
like yourself challenge this assumption. What does religion mean to you? Why have you embraced
Judaism? Where does your faith come from? Is your relationship to God synonymous with your embrace
of religion? Does being religious mean believing that the most profound questions of existence have
ready answers, or is it about embracing the mystery of the world? Are the most fundamental questions
of existence – where do I come from and where am I
“Life can only be understood backwards; but it
going – answerable by science? Are there not two
must be lived forwards.” – Soren Kierkegaard
classes of questions: the scientific and the
philosophical?
23. Birth, Death, Dust, and Resurrection ― Your book begins with you as a child peering out into the mystery
of the cosmos. It ends with you staring out through that same telescope, a kid again. There is an arch
from boy, to man, to boy again. Life, Death, and Resurrection. But there is also “dust.” Physical dust plays
a role throughout the book, but so does the metaphorical dust that can get in the way of truth and
revelation. Was there a deeper meaning to this word that hid beneath the surface of the book? You write
in the book “whereas the supernova astronomers initially went looking for dust and found dark energy,
we CMB cosmologists went looking for inflation, the most far-out explanation of them all, and found
dust
instead.
Of
course,
BICEP’s
astronomers weren’t
the first to be duped
by dust. But we may
just be the last.” Is
dust really your way of
talking about the
inherent bias that we
bring – with our
limited perceptions,
our
small-minded
ambitions, our egos,
etc. – to scientific
inquiry? You talk
about “embracing the
dust.” Does this mean
that we should learn
humility in the face of
mystery?
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