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To understand the whele of reallty has been the
| pursmt of’ humanklnd s:mc'_: €

threugh d;s retest dlgm &Ivancement

has preﬁed g large more,gr%i creation—a

fullerre sentatlon of God’s

nal power.
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-'New'the beginning of the:new miIIennium denot_es 4
the-commencement of: another profound
advancement of humanklnd__s R erceptlon of the

of C‘ﬂd -

~ This 'ne%aradlg' iI"ﬂis "(';tff't " g}eater rn'ag-nitugle'

. and vast

more cornprehensw an aII those
precedlng | |
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In this plenary session | summarize the past
-perceptions of physical reality, and then focus on the
scientific and mathematlcal evidence suggestinga
- new multiverse paradlgm from strmg/M theory

|ncompar?__., e

Then |n frrs‘t ta s in- the Mul‘erse session | will
_con3|ders éome of the phllpsophlcat and theologlcal
ISsues raised by the coneept of a strmg theory .-,
multiverse. We will have several aaditional Issues
—and |n5|ghts ralsed |n the other talks, both pro and
con. - ~
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seocentric model
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Geocentric Plciure of Unlverse
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Heliocentrism
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Galacticentric Plcture of Unlverse
from 1800°s tnrougn early 1900°s




1924: Edwin Hubble shows that each galaxy is
a collection of stars, just like the Milky Way

S. Carroll, http://pancake.uchicago.edu/~carroll




Univercentric Picture of Universe
from 1900°’s (until 2000°s?)




Visible Universe

Visible Universe
is 13.7 billion
light years

In diameter
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What is more: the universe is expanding.

1929: Hubble again, this time
showing that the further away
a galaxy is, the more rapidly it
is moving away from us.

distance
I

Modern verzion of Hubble's diagram.

S. Carroll, http://pancake.uchicago.edu/~carroll




2 If three-dimensional space is represented by a two-dimensional surface,
then one model of the expanding universe is reminiscent of a balloon that
inflates from nothing. In this model space is finite, but unbounded: an
observer in the space could travel freely all around the universe. The dots
represent galaxies (or clusters of galaxies). As the universe expands, space
stretches, so all the dots move farther apart from all their neighbours. An
observer on any one of the dots would see the other dots receding in a

systematic pattern, and would seem to be at the centre of this outward
migration.



The Un|vercentr|c paradlgm naturally raised the
question of “How came the universe?” The “Big.
| Bang answer was eventually_fleshed out to'include

In 1997 it Was Ot unlvgrse A

is NOW.i fa s secof_ 't ated stage, butmuch

longer ¢ muéh | uch*wea'ker‘tan the initial -

“inflation S‘tage Best fit-toglata mdu:ates this stage
began around 6 to [ bllllon years ago '




What would make the universe accelerate?

Best answer: Dark Energy. A form of energy that
exists even in empty space (“vacuum energy”).

through
space: doesn't fall into
galaxies and clusters.

* Constant density (or changing
very slowly) through time.
Mot diluted by expansion.

to ordinary matter.
Only detected via gravity.

S. Carroll, http://pancake.uchicago.edu/~carroll




ExpAnNsION OF THE UNIVERSE
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Dark Matter + Dark Energy
affect the expansion of the universe
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We therefore seem to have a complete inventory of
the stuff of which the universe 1s made:

5% ordinary
matter

S

Seeking simplicity, we are led to astonishing ideas.
What will be next?

S. Carroll, http://pancake.uchicago.edu/~carroll




Afterglow Light
Pattern
400,000 yrs.

Inflation

Fluctuation

- -

Dark Energy
Accelerated Expansion

Dark Ages Development of
Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

NASA/WMAP Science Team




~The 1950’s began a drive to understand the forces of
naturé within the unlverse in a‘consistent; hopefully :
| related manner, whleh culminated in the 1960°s with:

'_and weak*huclear ahd eletatremagnetlcs |
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Problem with dark energy: There's not enough!

The vacuum (empty space)

is not a quiet place; it roils l}-'j
with the quantum fluctuations [_»
of every field in the universe.

we know for
a fact that they affect other
forces (besides gravity).

A quick back-of-the-envelope calculation reveals:

theoretical prediction = 10'* times observation.

A universe with such a vacuum energy would have been ripped to
shreds long ago.

S. Carroll, http://pancake.uchicago.edu/~carroll




In the course of the 20" century
we went from knowing almost
nothing about the universe to
knowing all 1ts basic features.

But knowing 1s different from
understanding.

S. Carroll, http://pancake.uchicago.edu/~carroll




5o we know a great deal:

* General relativity (gravity)
* Standard Model of particle physics
* Inventory: ordinary matter, dark matter, dark energy

But deep puzzles remain:
* Reconcile gravity with quantum mechanics?

* What 15 the dark matter?
* What 1s the dark energy?! And why so little?

Look for big ideas to tie things together.
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Scientific Understanding of thes U_n]ver_:
Sought in String/M Theory —

www.baylor.edu/~CASPER

wwnw. inet.hri=tstimaciarbwork.him




‘In:the 1980 S Strlng Theory offered a means of
consistently unlfylng the non-gravitational fokces
with gravity, the: sole addltlonal force-found in our
- universe. String ther A: gl ihe Lnjvercentric -
paragllgm fromy | |ons (three spatlal-
dimensions amdy "
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All Matter & Forces In the Universe
Unified by String Theory
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Particles & Forces
Like Notes on a Violin String




The 6 extra dlmensmns o] Strjng Theory were sald |
to be “compact” ~—very small and closed, i.e.
circular-like and very small ~10%.cm in length

~ (minute even in compgisgiii@even the nuclear- .
scalg of 1013 crpl "oIe Story of the:
Unlverse w , N

'_W|th the U‘nlvercentrlc Pasadlgm




9,

Products of 6 Circular Directions

Forming

Spherical or Toroidal

Too Simple!




The particles and forces in nature were
found to require a Calabi-Yau shape
formed by the 6 Compact Dimensions

2 Dim Surface C-Y Surface—Need to extend to 6 Dim




Can extra dimensions help T ——
I’-"':'l 'lllrrﬂmf

with dark energy? Maybe. i

Crucial fact: theres not
just one good way to
compactify, there are
many. |

Around 1012 compactifications!
The “constants of nature”
we observe depend on the
shape and size of the
compact manifold.
Everything changes from
one compactification to

the next, including the
value of the vacuum energy.

S. Carroll, http://pancake.uchicago.edu/~carroll




Finite Initial Size and Temperature
of String Theory Universe

T(/Ry — T (R)

InR— -ln R

BGC

Wirnding 1modes

R. Brandenberger




| :'S(‘)o‘n'after thé “First String Revolution” in 1984,
which-provide mathematical proof of String Fheory
~ asaconsistent 10-d|men3|ona.quantum theory,

Evegythlng ‘
Theorles' ‘f_‘.. : apnarently

| _, heQes ‘*-Type IIA; Type 118,
HeteroticH 8% E8'and Heterofz‘SO(SZ)) were

found, each of which predicted slightly dlfferent

fundamental strlng I|ke partlcles i |




Nagging Problem for 15t Decade (1985-95):
Not Just 1 10-Dimensional String Theory

www.sukidog.com/jpierre/strings/




The “Second Strlng RevolutLen” of 1994-95 |
resolved this pivotal ISsue by showmg that all f|ve
s apparentiy dlstlnct theorl were |n fact




Solution: Duality (Equality) of All 5
String Theories

www.sukidog.com/jpierre/strings/




Each ‘Theory” iIs SAME THEORY
IN DIFFERENT
MATHEMATICAL LANGUAGE

www.sukidog.com/jpierre/strings/




."—lowever I the underlylng theory the fundamental_"
harticle was shown to no.longer be. Just stririg-like,
out that it=gained an addltlonaspatial dlmensmn to




www.sukidog.com/jpierre/strings/

String Membrane

w/ 10 Dim w/ 11 Dim




-And with the appearance of an addltlonal spatlal
“dimension, quantum mechamcal con3|stency
requwed that the dlmenslon of spacetlme also

_-dg._by_ W Th'eery.' |

~ The Sinmft I\/l heory -model gntain two 9-

- dimensiohal surfaces (9- braneeieparated by the
‘new spatial dlrectlon——one of which ¢ontains. our. '
universe. More compllcated models can contain *

~more 9- dlmensmnal surfaces movmg between the 2
 fixed branes,




Two 9-brane “Universes”= “Us & Them”
and an extra dimension between

i
X
/ boundary

DBSERVABLE BRANME

BLILE

HLODEM BR AME



Dark Matter keeps'arms of spiral _
galaxies stable & also keeps Galactic clusters stable. In string theory, dark matter is the

matter in the hidden universe and is shifted away by a short distance along the new
extra direction.




Compactify 6 of the 9 Spatial
Directions of each Brane as Before

Motivations from
String Theory/M-theory

10+1 dimensions
compactify 6 dim.
on C-Y manifold

P. Horava & E. Witten
A. Lukas, B. Ovrut and D. Waldram




Effective 5-Dimensional Theory

Motivations from
String Theory/M-theory

10+1 dimensions

compactify 6 dim.
on C-Y manifold

Effective bd theory

Horava et al.

heterotic M-theory




Size of 5th Dimension?
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103 cm < Ay < 0.1 mm




for sun-mm.directions

— 2 _ 2+n
=-Gmm,/rc — -Gm m,/r

grav

If gravity leaks into extra dimensions,
Howton's inverse-square law should breoak
down at small distances - gravity will be

stronger than you think.

Standard gravity verified down to 0.15 mm
at Univ. of Wash. with 97% confidence level




Manufacturing of
Stringy Blackholes!

> |f sub-mm. dimension then it may be possible to
produce gravitons and mini-black holes (with
peco-second half-lives) at Fermilab & CERN this

decade!

Mini-black holes have distinct decays
—easily identifiable!

Black Holes Detectors for
Fermilab and CERN




Proposed Explanation for Big Bang

Implying Time Before Time!
i

aking an Ekpyrotic Universe

— [l A membrane with E A membrane
strange physics destined to become
bounds one end of our universe bounds

the fifth dimension the other end. —‘

NN

E] Other mem hranusJ Elwhen one slams J

move within the fifth into "our” membrane,
dimension. the universe we now

live in is born.

ROBERT ROY BRITT / SPACE.COM




The Big Crash: Ekpyrotic model

Eons bafore
the Big Bang

T
-

Galaxies form and the universe evolves,
once and only once

Flat, paralie] branes coflide and stick to create AStronomy, OFotU

TNE UNRVErsSE

Big Bang
(15 billion years aga)

Due to the finite separation between them,
the branes could collide over and over in

cycles of creation and destruction
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Flat, paraliel branes collide and bounce
Our universe evolves on one of the branes,

wihile thie other remaling hidden
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The colliding Branes would not remain perfectly
flat as they approach each other due to quantum
effects.

Big Bang Inflations occurs in bumps on Branes
that collide first.

Multiple (vast number of), separated, Big Bang
regions would likely have been formed from
distinct collision points of Branes!

Multiple universes on our Brane besides 1+
Parallel Branes along an extra spatial direction




String Landscape

C.C./dark energyss

10-120 SEAATNA - (1012 eV)?

~ 1072 x 10190 0 1000 Models in M- -Theory




String/M Landscape  a¢jeast 1050

Possible String
c.c/d.e. (Mp)* Model Universes

de Sitter

Exc:|ted modes w/
energy gaps of no
more than 10-120M_ 4

‘ *‘; Vacuum near -1




M Theory |mpI|es the eX|stence of a Multiverse that
contains at least 10100 t0.1019% (often “averaged™ in
~ discussions to 10°%) universe Avithin: Each unlverse'
- is brought about by itS.@w L F ang/ln‘flatlon ,
Progess and mayu __‘j}__! ffering physical -

laws. The, hear-ce ] 10| ties fQr universes

1S kno V¢ s'the Sq: CAREN rcape A S|gn|f|cant
percent ORthese universes may igovide for
'_somethmg SIEE) carben based llfe forms; others
may prowde for vastly different life: forms. And the
vast majority may not allow for anyife forms '
Whatsoever -




.'In the Multlverse of M Theoty vast numbers of
universes are likely created S|multaneously
Creation ef universes within the M- “Theory

" Multiverse may also.e! Jos with creation
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>Ne "step in our percepﬁ@n of real
this Paraﬂlgm shift. # ‘ |

e

'>Prowdes much deepér undegs
story of*hreat’%'h with a Slmp|LCI '
CompIeX|ty to creation never before

L undergoing




