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How do we explain this? 19905
-Propose Universe is Lt
*4% normal stuff 1970s
*23% weird dark matter
*73% “DARK ENERGY”

The Dark Energy provides the negative pressure.

But is the universe really 96% weird stuff?

*Alternative: Revive Einstein’s Cosmological Constant?

Wavelength (mm) —

1960 Penzias & Wilson measure it, get Nobel Prize in 1978. It
was predicted in 1948 by Alpher, Bethe and Gamow in a
famous paper, that there would be leftover radiation after the
big bang explosion, corresponding to a black body curve at
3000 degrees. Today its at 3 degrees, telling us the universe

has expanded 1000x since that time.




D2. COBE Data 7

1989 COBE data shows afterimage of the expanding fireball
(i.e. “photosphere”) of the Big Bang explosion. The size of
the irregularities (in temperature) is consistent with later
formation of galaxies.

D4. CBR says Flat Universe 9
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Theory predicts irregularities should be 1 degree in size
(why?). If the universe was positive curved, the irregularities
would appear bigger than 1 degree. Since they appear
exactly as 1 degree, the universe is flat.
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2003 Boomerang experiment improved resolution by
factor of 35x. Shows the irregularities are about 1
degree in size. This is exactly the size predicted for a
flat universe.

D4. Galaxy Formation 10
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Irregularities led to the formation of galaxies.
Size of irregularities tell us the universe is “flat”

«In order for galaxies to form, there must be dark matter to aid
in the contraction, else the gravity isn’t strong enough!
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We divide it into 4 eras
1. Planck Era

2. Radiation Era

3. Matter Era

4. Dark Energy Era
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1. Planck Era 17

Due to Quantum Mechanics, in the first
instance after the big bang, the universe is so
small that space is not “smooth”, but granular

Time is not continuous, but broken into small
chunks. Time “ticks” between these chunks
rather than “flows”.

Because of this, the universe might be stuck
in a “quantum quagmire” in the first tick for an
indeterminate time.

0. Cosmogenesis 10

1b. Quantum Size 18
Quantum mechanics says particles are really
waves, with wavelength size A=h/mc

Wave
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The electron for example is 2.4x10-12 meters
A particle 2x more massive would be 2x smaller




1c. Quantum Size 19

For example, assuming the universe was
expanding at the speed of light, then the
entire universe was smaller than a single
electron in the first 1020 seconds
(0.000,000,000,000,000,000,01 seconds)

If we used a more massive fundamental
particle, then the size and time would be
smaller

1d. Planck Size 20

If we assume a big enough particle, then its small
size would make it a black hole.

Set wavelength= Schwarzschild Radius

Results in:

*No particle bigger than Planck mass 5.5x10-8 kg
*Smalllest Size: Planck Length 10-35 meters
*Smallest Time: Planck Time 1043 seconds
*Temperatures above 1032 degrees make no sense

2. Gravitational Era 21

From 1043 to 1035 seconds the universe
expands.

Gravity is opposing the expansion, so the
universe loses energy. This causes it to cool
from 1032 to 1027 K.

The expansion obeys:
+ Temperature o« 1/size
+ Size o Time'2

3a Radiation Era: GUT Epoch 22
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In the Planck Era (< 103 sec) all the forces are in
equilibrium. Afterwards, Gravity separates out from the
other forces and dominates. [GUT=Grand Unified Theory]

3b Radiation Era: Inflation Epoch 23
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3c Inflation associated with quarks 24

At 1035 seconds the universe cooled to 107 K.

This is the critical temperature at which quarks
can form.

Quarks are the fundamental particles from which
protons and neutrons are made.




3d Radiation Era: Electroweak Epoch 25
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At 10-% seconds strong force separates out (inflation), at
1012 seconds electric splits from weak force.

3e Electrons and Neutrinos 26

At 10'2 seconds the universe cooled to 10'° K.

This is the critical temperature at which
electrons and neutrinos are formed

Below this temperature, electromagnetic force
separates from the “weak” force.

Above this temperature, they act together as the
“electroweak force”

3f Protons and Neutrons 27

At 10 seconds the universe cooled to 1012 K.

This is the critical temperature at which quarks
can stick together and make protons & neutrons

Proton: up+up+down quarks
Neutron: up+down+down quarks

4a Where is all the antimatter? 28

The universe should be completely symmetric with just
as much matter as antimatter.

1 sec: neutrinos are set free at 1010 K

15 sec: (3x10° K) electrons and positrons
(antielectrons) would annihilate each other. It's a
mystery why there are electrons left over.

And why is the number of electrons just about equal to
the number of protons so that the universe is neutral?

E5 Hadron Epoch: Helium Production 29
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At about 1 minute after the big bang, it was cool enough
for neutrons to stick to protons. Deuterium and helium is
made, but only a few minutes later the universe cooled
so that it stopped with about 25% of hydrogen converted
to helium. Today the ratio of Deuterium to hydrogen
(e.g. on the moon) tells us about this phase of the
universe.

E6 Summary of Radiation Era 30
TABLE 27.1 Major Epochs in the History of the Universe
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E7 CBR: where did it come from 3z

About 300,000
Radiation domirates Matter dominates years after the

10t Universe is opaque
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Universe is transparent

— universe formed, it
expanded to the
point were the temp
dropped below
3000 degrees.
Electrons combined
with protons to
make neutral
atoms. The
e e universe became
transparent.
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E8 Matter Era Summary 32

TABLE 27.1 Major Epochs in the History of the Universe
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E9 Matter Era: Galaxy Formation 33
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Billions of years

Million to Billion years after big bang, large scale
structure forms, and matter condenses into blobs that
will eventually evolve into galaxies.

E10 Matter Era: Star Formation 34
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Star formation continues in galaxies to the present.

E11 Dark Energy Era 35

Universe has
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the Dark
Energy,
causing

e acceleration
L) of expansion.

Time
(=15 billion years)

R



