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Cosmoloqy 100 years ago

1) Composition: Starz’ in the ‘hood
2) Arrangement:

6,500
light years

N

Solar system

30,000 light years
3) Origin: ?
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NGC253 in Sculptor
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Gravitational Lens in Abell 2218 HST - WFPC2

PF95-14 - ST Scl OPO - April 5, 1995 - W. Couch (UNSW), NASA



Gravitational Lens

Galaxy Cluster 0024+1654
Hubble Space Telescope - WFPC2
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[Da)7i matter?

* Modified Newtonian dynai

S
AT f i

j Velocity = Mass
X Acceleration



[DENFLE matter?

* Modified Newtonian dynamics

 Planets )

* Mass disadvantaged stars , gravitational

white microlensing

* Black holes y



Large Magellanic Cloud
150,000 light years distant -¥-
100 million stars |
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D& matter?
* Modified law of gravity

 Planets

* Mass disadvantaged stars
white

 Black holes

» Undiscovered new particle
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* Most of the universe is invisible
 Dominated by the rest mass of an
elementary particle

— present in the primordial soup

— massive

— neutral

— weakly interacting

— slow

— stable




WIMPY candidates

 neutrinos

- sterile neutrinos, gravitinos

* LSP (neutralino, axino, ...)

* LKP (lightest Kaluza-Klein particle)
e axions, axion clusters

 solitons (Q-balls; B-balls; Odd-balls, Screw-balls....)
* supermassive wimpzillas

Ralprmi Nadar

Mass range Interaction strength range

10°eV (107*¢g) axions Noninteracting: wimpzillas

107°M, (10”g) axion clusters Strongly interacting: B balls




[DENFIX enerqgy:

Space and time are

related.
1905

Space is dynamical
(curved, warped, bent).

1915

Empty space has a
weight.
1917

3

N




the weight of space
Cosmological
constant

(dark enerqy)

1917 Einstein proposed
cosmological constant.

| ‘| 1929 Hubble discovered
| expansion of the universe.

| | 1934 Einstein called it
| 1 “my biggest blunder.”

1998 Astronomers found
evidence for it.




Cosmological constant (dark ener

distance

/

dark energy dominant

expands forever
.\ever slowing

dark matter dominant

collapses

age of the universe
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Mass density of space:

The unbearable lightness of nothing!

o = i e | Y o
Cosmo-illogical constant:
A AT NN/ AR A /,f‘ A AT/ A4 A~A LS 0/ A i



NOTHING is something!
NOTHING has energy!

NOTHING matters!



Quantum
Uncertainty

anti particle @ particle
O

Nothing is something!




« The vacuum has a “Higgs potential”

o Interaction with the Higgs field potential
gives mass to particles like quarks and
electrons.

X










Chemical Elements:
(other than H & He) 0.03%

Neutrinos:
0.47%

25%

Dark Energy:
70%
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Space expands.

Edwin Hubble
1929
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The universe
IS radiant.

Arno Penzias
Robert Wilson
1965
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« Protons OF the universe
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Inner Space - The Quantum
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Pgrticre/ Accelerator = Time Machine = Telescop







Prmmc@lfdma
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50 Earth masses |n matter
Carth masses in antimatter
gin of matter
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Fermilab

Fermilab

also CERN — Gran Sasso



WIMP (300 km s-7)
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rK Energy
2o 713%




Mission accomplished ...

... or premature jubilation?




Chemical Elements:
(other than H & He) 0.03%

Neutrinos:
0.47%

25%

Dark Energy:
70%




e e e

ALBERT
EINSTEIN

f

(& M 1
X
M E

g
W

-------

“The most beautiful
thing we can
experience is the
mysterious. It is the
source of all true art
and science. Those
to whom this
emotion is a
stranger, ... are as
good as dead; their
eyes are closed.”

Albert Einstein



“We shall not cease from exploration
And the end of all our exploring

Will be to arrive where we started
And know the place for the first time.”

—T. S. Eliot




