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100 years of General Relativity
90 years of Big Bang
50 years of Hot Big Bang

40 years of Quarks & Cosmos

deep connections between the very big & the very small
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The Universe is very big (billions and
billions of everything) and often
beyond the reach of our minds and

Mstruments- -

Big ideas and po\,)vé‘rfu‘i instruments

have enabled revoluti.progress
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big telescopes on the ground
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, Spitzer,

Hubble

and in space
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Chandra,
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at the South Pole
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basic§ of our Universe
/
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Sources: Wikipedia, http:/fwww.astro.caltech.edu/




Hubble Deep Field:

~ one ten m1II|on=th of the sky, 10,000 ga|ax|es
e 100 billion gaIaX|es in the observable Uleerse -
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Universe
is expanding and

BLPANSON OF THE Vnivense



Signature of big bang beginning
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Einstein: Big Bang = explosion of space with
galaxies carried along
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The big questions circa 1978
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just two numbers: H,and q,

Allan Sandage,
Hubble’s “student”

COSMOLOGY:

A SEARCH FOR TWO NUMBERS

Precision measurements of the rate of expansion
and the deceleration of the universe may soon provide
a major test of cosmological models

ALLAN R. SANDAGE



H,: expansion rate (slope = age) »

q,: deceleration (“droopiness” = destiny

=

... tens of astronomers working (alone)
to figure it all out
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Microwave echo of th



Circa 1980: quark soup revolution
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Inflation

Early burst.of gnormous expansion
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1970s: Vera Rubin

Flat rotation curves reveal dark matter
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Galaxy = dark matter halo + starry nugget
| /




Dark matter is a new form of matter
(predicted to exist in unified particle theories)

Neutrinos
contribute a
few 0.1%



apparent special beginning

SPACE-TIME

our vt ?
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explained by cosmic inflation
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and more: quantum fluctuations
become seeds for galaxies
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18 December 1998
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So, cosmic acceleration is
caused by the repulsive gravity
of quamtum nothingness

—aka Einstéin’s A
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ACDM: how we got here




inflation, origin of
dark matter and
ordinary matter

forRMATION OF ATOMS
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cosmic structure
forms “bottom up”:

Stars (z ~ 10)
Galaxies (z~ 2 - 5)
Clusters (z~ 0 - 2)

Superclusters (z ~ 0)
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Not just a great story, but a wealth of
evidglce\\to support it




Stellar birth rate

assembly of stars and galaxies

lockback time (Gyr)
024 6 8 10

2 3 4 567
redshift
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The Universe circa 380,000 yrs

COBE (1989-1993) WMAP (2003-2012) Planck (2009-2013) (ongoing)

. ny ground-based

'v'_nents: ACT, Boomerang
DASI, PolarBear, SPT, ...
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ACDM: just six numbers describe our
Universe!

Multipole moment, ¢
10 50 500 1000 1500 2000 2500

curve = ACDM prediction |

i° 0.|2O 0.‘1O
Angle difference on the sky
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largest things in the Unlyerse began from
subatomlc\quantum fluctuatlonsI




for my frienc/:l Allan

* H,=70km/s/Mpc
* (,=-0:6 " s




In the Presence of Dark
Energy, a Flat Universe
Can Expand Forever,
Re-collapse, or Even
Experience a Big Rip!
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not Understand Our
)Smic Destiny Until We

Understand What
Dark Energy Is!
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even bigger questions about
the very small and/the very big

What is the dark matter particle? or is that
even the right question?

What is the nature of dark energy and what is
our cosmic destiny?

When did inflation take place and what is the
cause of it?

How did ordinary matter originate?

What happened before the big bang and
where did space-time come from?




Full Court Presst!!

* Produce at LHC
 Detect particles in our halo
» Detect annihilation products
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The HIGGS BOSON is
the theoretical particle of
the Higgs mechanism,
which ph_\‘\i\'i\l\ believe
will reveal how all
matter in the universe
gets its mass. Many
scientists hope that the
Large Hadron
Collider in Geneva,
Switzerland, which
collides particles at
99.99% the speed of
light, will detect
the elusive Higgs
Boson

$1 0 .49 PLUS SHIPPING

Wool felt, fleece with gravel fill

HEAVY Jor maximum mass.

HIGGS BOSON

csPARTICILEZIO

H s DARK MATTER

g

DARK MATTER is the name
given to material in the Universe
that does not emit or reflect light
but is necessary to explain
observed gravitational effects in
galaxies and stars. Dark matter,
along with dark energy; totals
96% of the Universe, yet it
remains a mystery as to what
exactly it zs.

Aerylic felt, wool felt, and

Sleece with gravel fill for

maximum mass.

Packaged in a black opaque bag
designed for concealing contents.

$ 1 O a 4 9 PLUS SHIPPING




Gran Sasso
Abruzzo, Italy
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before the Big Bang
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Question is now within t Im of science




neat & tidy
... but did
Einstein
get the last
word
on gravity?

*No fcrore TNERGCBANG



String Theory

to the rescue:

Einstein got
the right
answer for
the wrong
reason

*No fcrore TNERGCBANG






the multiverse: an infinity of
disconnected pieces




multiverse dilemma: is it science if it isn’t testable?
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