




















Milestones of the revolution

1 n the 2oth century, major astronomical of 100,000 - from the stars around us to This article is based on the firm
discoveries along with the new theories the furthest galaxies. Before 1925, we foundations of physics laid out over the
of relativity and quantum mechanics digdn't even know what a galaxy was. past century, on the most recent
P revolutionised our views of the Universe. The importance of each discovery seems abservations of the Universe but also

on the most speculative ideas of quantum
cosmology at the frontiers of current
research. This scientific version of genesis
is an unfinished story that becomes

more complete with each new observation.
However, we don’t know how or even

to be proportional to how much it turns
common sense on its head. As we try o
make sense of the Universe from its
smallest scale to the very largest, from
the electron to the multiverse, our
conceptual world has become rich

This timeline illustrates the remarkable
progress we have made towards
understanding the Universe and its
creation and some of the major players.

We have discovered what atoms are and
what they are made of. The size of the

l known Universe has increased by a factor and weird. if it will end.
l 1948 Big-Bang theory 1983 Imaginary time
George Gamow uses a Big-Bang model in cosmology
’ which the Universe begins in a hot and dense Stephen Hawking and
state, to calculate the relative abundance 1981 Inflationary scenario James Hartle introduce
of different elements produced as the Allan Guth, André Linde and Katsuhiko Sato imaginary time, which
r Universe cooled down. propose a model in which the Universe goes removes the otherwise
through a period of rapid expansion during abrupt nature of the
which it becomes filled with matter. beginning of time.
' 1965 Discovery of the cosmic 1986 Discovery of
background radiation large-scale
Robert Wilson and Arno Penzias 1967 Electroweak structure of the
discover microwave radiation coming unified theory Universe
fram all directions in space. Steven Weinberg and Margaret Geller and
Abdus Salam unify 1970 Singularity collaborators find that
electricity, magnetism theorem some regions in the
and the force Roger Penrose and Universe are dense
responsible for Stephen Hawking with galaxies, while

radioactive decay.

i

prove that, if we ignore
quantum effects, the

other regions are
relatively empty.

Universe must have
started from an
infinitely hot and
infinitely dense point 1990 Launch of
|- called a singularity. Hubble Space
| Telescope
Wendy Freedman
1948 Renormalisation
| t:::']' and collaborators
P,
Richard Feynmann, \ used the Hubble
i Space Telescope to
Shinichiro Tomonaga and determine th
Julian Schwinger present - e.’rm s
new ways of defining 1964 Quark model expansion rate of
uantum field theory Murray Gell-Mann proposes that protons the Universe.
: :'mkl'ng s § and neutrons are made of smaller particles
practical tool. he calls quarks.
]
1957 Many worlds
— interpretation 1982 Creation of the
9 Hugh Everett Universe from nothing
intraduces the idea Alexander Vilenkin ctuat
that all states of proposes that the Universe 1992 DincAuiry o -
the wave function quantum-tunnelled into i S S ——
i 5 background radiation
] exist simultaneously. existence from nothing.

George Smoot and the COBE team
[see overleaf).




The Big Bang and me

n 1990, | was in my second year of
I graduate school at the University of
California at Berkeley. My new thesis
adviser, George Smoot, was turning out
to be not only one of the best scientists
| had ever met, but also a slave-
driving workaholic.

One senior graduate student kept a
hammer prominently displayed on his desk
to keep George from pestering him too
much. A few years earlier, a graduate
student in mathematics at Stanford
University had attacked his thesis adviser
with a hammer. This had made a lasting,
and exploitable, impression on George.

At the office, George worked from gam
to 6pm and then, after dinner, he worked
at home. He also came to work on
Saturdays and Sundays. After months of
being told five times a day to do five
different things, | developed the following
George Smoot survival kit:

1 Don't do what he tells you unless he
says it three times on three different days

2 Work from noon till 2zam to minimise
contact with him

3 If he insults you and your work, insult
him back (George could dish it out, but he
could also take it)

As George's new, and only, graduate
student, my job was to help analyse
data from one of the instruments aboard
the COBE satellite (data that was just
about to lead to “the biggest discovery
of the century, if not of all time™ according
to no less a judge than British physicist
Stephen Hawking).

The discovery was not one of those
cartoon moments where a light bulb
pops on above one’s head. Fifteen years
earlier, the experiment had been planned,
accepted by NASA, then designed.

It had been built and was ready for
launch in 1986 ... but then the Challenger
shuttle blew up.

The instruments were redesigned for a
Delta rocket, and finally the COBE satellite
was launched successfully in 1989,

Soon, real data started coming in, and
that's when | was recruited. For two years,
with the dozen other members of the team,
| hunched, pondered and debugged the
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umpteen computer programs we used to
turn the raw data into something
understandable.

As we began slowly and systematically
to sift the data, we started to see the
signal we were looking for. But one of our
biggest concerns was whether the signal
was being contaminated by stray
emissions from our galaxy. Late one
afternoon, the team working at Goddard
Space Flight Center near Washington DC
sent me their best efforts at determining
the level at which the galaxy might
contaminate the data. That afternoon
and well into the night, | analysed,
compared and cross-correlated the galaxy
maps with the COBE maps. Finally, it
became obvious. The galaxy was not
causing the signal we were seeing.
| printed out the most important plot,
scribbled “Eureka?™ on it, slid it under
George's door and, at gam, bicycled

home to my sleeping wife and one-year-
old daughter.

& few weeks later, after many more
checks, George announced to the world the
discovery of the hot and cold spots in the
microwave background. The science
journalists of the world descended on all of
us. George told this Eureka story to a
reporter from The Wall Street fournal.

The next day, one could read how a young
scientist, burning the midnight oil, had
contributed to one of the greatest
discoveries of all time.





