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Models of universe — and its fates
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Cosmological Events
+ Today look at “BEGINNING OF TIME”

« Final Exam Review this Wed 27 Apr by Ben
Brown, here, 7-9pm. Final review sheet
available in class Wed. All extra-credit
observing projects due by this Wed.

» Course evaluation on Wed — please bring
your favorite #2 pencil!

» On Wed discuss extra-solar planets and
possibilities of life elsewhere (Chap 24)

Clicker on our universe

» Which events had profound effects on
our modern views of universe?

¢ A. Einstein devising General Theory of
Relativity

¢ B. Penzias & Wilson detecting uniform CMB
radiation from all directions

¢ C. Hubble finding that most galaxies are
receding — “the Hubble law”

e D. Allof the above

REMINDER  \Which is it ?
Is there enough dark matter to
recollapse the universe?

Baryonic matter: only few % of critical density
Dark matter: only about 25 % of what is needed

Universe is between the “coasting” and “critical”
models

Universe will expand forever (or so it seems)

Four models for fates of universe

Accelpmting




New twist in the new millenium

* White dwarf
supernovae:
standard candles
at Z~1

« Explosions bright
enough to be seen
very far away
(back in time)

Made especially possible by HST

Redshifts of the supernova
plot their vertical position

e Z=1 means
about halfway
down from the
“NOW” level
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Brightness plots their horizontal position

Dimmer
= more distant
= longer ago

e Supernovae are
DIMMER than
expected for a
coasting
universe

g deuncs betwoen paluxes

Universe is
accelerating ?? —paast ma (oilkons of years) AL e

How can universe be accelerating??

A force that counteracts
gravity?

“Dark energy” -
outweighs every other

form of mass/energy!

Truly an unknown force
. ol
in all of physics! (Read “Einstein;s Biggest Blunder”
Cosmological Constant - p 695)

In the VERY Beginning
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Matter and Anti-matter

Protons slightly
outnumber anti-protons

At end of particle era,

universe contains some

matter!

Universe ratio today:

1 billion photons (light)
1 leftover proton
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Era of Atoms

Finally cool enough

for electrons combine N
with nuclei to form
atoms (380,000 yrs)

Photons now

“decoupled” = free
to become CMB of

future

Universe becomes
transparent to light

Era of Atoms and Galaxies

« About 1 billion years after Big Bang, first stars
and galaxies start to form (Z = 10 ?)




‘ Forming first stars and galaxies

250 z=20

Simulating large-scale structure

Big recent idea: INFLATION

VERY EARLY: As
strong force | s ey

becomes distinct, T e
huge amount of =
energy released

Universe

INFLATES: atomic
nucleus size to solar
system size in 10-36
sec 0" : w't 1l

relative strength of force

INFLATION needed to explain uniformity of CMB

WMAP

(2003)
l' Small temperature fluctuations

A used to test models of universe
\.i\,\ one degree scale in sky --> flat
universe with early inflation
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« With alarming new
ideas like inflation
and dark energy ....

» Einstein deserved
to be concerned!




