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Before the many, define the one … 
What is “the universe”? 

Hubble deep field photo 
23 day exposure 
Over 5500 galaxies 

“Multiple universe” … an oxymoron? 





The universe (my working definition): 
 
Everything that exists or could ever exist, in 
principle, in our experience.  (“Our 
experience” includes things inferred by 
instrumentation.) 
 
Everything to which we are causally 
connected,  now or in the future. 



Mathematical 



Mathematical 



http://www.hps.cam.ac.uk/starry/copercosmol.html 

The Christian Aristotelian cosmos, engraving from Peter Apian's Cosmographia. 

CMB, from ESA’s Planck mission website  

Cosmetology 



Vesto Slipher (1875-1969) Lowell Observatory 
discovers a strange thing in 1912 …  

Most nearby galaxies are moving away from us 

Made use of the Doppler shift in atomic spectra  



Edwin Hubble (1889-1953) and Milton 
Humason (1891-1972) at Mount Wilson 
Observatory combine Hubble’s distance 

measurements (Cephied variable stars) with 
Slipher’s reshift information and discover … 

 

Galaxies that are further away are moving 
away from us faster 

Hubble’s Law  V=Hd 

Hubble 

Humason (from AIP) 



Type Ia SNe from Riess, Press and Kirshner (1996)  

Welcome to the 
“expanding universe”!! 

 

extrapolate back in time 
find the age of the 

universe  13.7 billion 
years. 

Light travels 1 Mpc in 3 million years 



Type 1A supernovas – Use as “standard candle” to 
gauge distance to distant objects 

Energy produced in a short period is roughly that produced by the sun (at current 
energy output) in about 10 billion years.  





Spectral lines (atomic absorption) can provide classification information 
for the type of supernova and allow for recession velocity determination 
using the relativistic Doppler effect (frequency shift of the light) 



TIME 

Beasts 
dwell here 



From http://ned.ipac.caltech.edu/level5/Sept02/Kinney/Kinney3.html 



Penzias and Wilson and the antenna 
used to first detect the CMB 
 
From http://aether.lbl.gov/cmb.html 

From http://www.astro.ucla.edu/~wright/CMB.html 



From http://aether.lbl.gov/cmb.html 



Big bang nucleosynthesis 





Origin of elements 



 Expansion of space 
 
 
 
 

 Cosmic microwave background 
 
 
 
 
 

 Nucleosynthesis 

Penzias and Wilson, 1964 

The big 
bang HAD 
to happen 



The hot big bang? 
What utter nonsense!  From J.M. Overduin & P.S. 

Wesson, Dark Sky, Dark Matter 
(Institute of Physics Press, 2003)] 

Flatness problem 

Horizon problem Large scale structure problem 

Singularity problem 

Magnetic monopole problem 



Geometry of the universe is ~ flat 
 
http://www.youtube.com/watch?v=x8pupNMn5nI 
  

http://www.youtube.com/watch?v=x8pupNMn5nI
http://www.youtube.com/watch?v=x8pupNMn5nI


 
~1979 
Guth 
Linde 
Albrecht 
Steinhardt 
 



The hot big bang? 
What utter nonsense!  From J.M. Overduin & P.S. 

Wesson, Dark Sky, Dark Matter 
(Institute of Physics Press, 2003)] 

Flatness problem 

Horizon problem Large scale structure problem 

Singularity problem 

Magnetic monopole problem 



Cold dark matter 

Fritz Zwicky 

Vera Rubin (published 
with Kent Ford) 

Bullet cluster 



Dark energy 

2011 Nobel prize: 
Permutter, Schmidt, Reiss 



“The total energy – matter plus gravitational – remains 
constant and very small, and could even be exactly zero. … 
If inflation is right, everything can be created from nothing, 
or at least from very little.  If inflation is right, the universe 
can properly be called the ultimate free lunch.”   
 
    - Alan Guth 





Figs from 
http://www.learner.org/courses/physics/unit/text.html?unit=4&secNum=4 

A non-string theorists view of a string theorist’s 
view of inflation/dark energy 

What drives inflation?  What is dark energy?   

A viable string theory of reality (if such exists) 
will have to be in 10 dimensions 

Fig from Bousso and Polchinski, The String Theory 
Landscape, Scientific American, 2004. 

Compactification 



Hot big bang + CDM + DE + inflation 
Is this crazy? 
 
Clues from the CMB 

CMB, from ESA’s Planck mission website  

COBE WMAP 

Planck 



WMAP CMB angular feature size power spectrum – 
acoustics in the early universe! 

The characteristics of 
sound waves depend on 
the medium! 
 
This data is sensitive to 
amount of  
Normal matter, dark 
matter, dark energy and 
inflationary model of the 
early universe 



From the Planck 
collaboration 



2007 





Recent result reported by the BICEP2 collaboration 





Polarization is the orientation of the 
electric field in an electromagnetic wave  











Degree of curl-ness in the polarization on the size scale chosen is the 
signal.  No known way to induce that other than the effect of 
primordial gravity waves on the CMB. 
 
What is seen is a large signal, even larger than expected … perhaps an 
indication of a surprise to come?  Other experiments working to make 
similar observations.  Stay tuned. 



If inflation … welcome to the multiverse!   

Tegmark’s Type I 
multiverse 

SM “beyond-the-
horizon” multiverse 

Our cosmic event 
horizon 

You are here 

The greater reality 
which is outside and 
will always be outside 
our experience 

http://www.scientificamerican.com/article.cfm?id=multiverse-the-case-for-parallel-universe 



These regions share our 
physics … have the same 
spacetime 
characteristics.   
 
But each has a different 
initial condition. 
 
Some serious estimates 
say there are countless 
regions of “our universe” 
size. 
 
All possible initial 
conditions explored.  
Anything that could 
happen does happen. 

How big is this reality?  How big does it need to be?  
How long did inflation last? 

Elvis lives! 

Al Gore won Oops … you are here … too 

You are here 

Garriga and Vilenkin, Phys. Rev. D64, 2001, 043511;  
Tegmark, Parallel Universes in Science and Ultimate Reality: quantum theory, cosmology and complexity, 
Ids. Barrow, Davies, Harmper, Cambridge Univ. Press, 2004. 



Recall mechanism for inflation …  

You are here 



The Cosmic Landscape 

Some 10500 minima? 
So much for the TOE. 
The ultimate “Copernican 
revolution”! 



The Cosmic Landscape 



Eternal inflation … 

You are here 

Your “bubble” is here 

Eternally inflating 
spacetime 

Other bubbles 

Elvis is here 

There is an eternally 
inflating “matrix”. 
 
Here and there a fluctuation 
in the structure of the 
spacetime causes inflation 
to stop/change locally and a 
“bubble universe” might 
form. 
 
The local minima in the 
spacetime parameter 
phasespace number ~10500.  
So all parameters explored. 
 
The physics in each bubble 
is different. 

Tegmark’s Type II 
multiverse 

SM “bubble” 
multiverse 

A. Vilenkin, Many Worlds in One, Hill and Wang, 2006. 



Is our universe special?  Intelligent design 

 Our existence is possible due to the “fine-
tuning” of the constants of nature 

 
 
 
 
 
 
 

 The probability of this fine-tuning to be 
accidental is infinitesimal. 
It must be by design, i.e., God did it. 

 If weak force stronger:  All n decay and 
universe is all hydrogen 
 If weak force weaker:  Universe is all 4He 
 If cosmological constant larger:  universe 
expands too fast to form stars 
 If cosmological constant negative:  
universe collapses before stars form carbon 
 If gravity stronger, stars burn faster and 
less time for live to evolve 





Even if you are strongly against intelligent design as a 
scientific conclusion, science abhors accidents and our 
universe IS finely tuned. 



With eternal inflation and the cosmic 
landscape, all possibilities are 
populated and, of course, we will 
find ourselves in a universe where 
we can exist. 
 
Copernicus on steroids! 



The Ekpyrotic universe – no inflation necessary 
Cyclic (in time) multiverse 

Steinhardt and Turok 







The quantum mechanical multiverse 

Max Born 

Probability ~ 2 

Copenhagen 
Interpretation of 
quantum mechanics 
(1920s) 

Heisenberg and Bohr 





Relative state formalism (1957) 

Hugh Everett III 

Usually called the “many worlds” 
interpretation of quantum 
mechanics (Bryce DeWitt) Unitary Hilbert space 

Superpostion states 
decohere (not from 
Everett, from Zeh, Zurek 
and others) 



Many worlds:  A continuum 
of realities separated by the 
dimensions of Hilbert space 

Anything that COULD happen, DOES happen 
within the universal wave function. 

Tegmark’s Type III 
multiverse 

SM “many worlds” 
multiverse 



The Fecund multiverse  
– cosmological natural selection 

Lee Smolin, The Life of the Cosmos, 
Oxford Univ. Press, 1997 
 

What happens inside a black hole? 

X 

Singularity!  Beasts dwell here. 

Event horizon 

Causally disconnected 
from our universe 

Fecund:  fruitful in offspring 



Some sort of 
quantum gravity 
“bounce” 

Birth of an expanding universe within the 
black hole, causally disconnected from us 
Physical characteristics of the “daughter 
universe” similar to but not exactly like 
the “parent universe” 

Quantum gravity 
to the rescue! 



Cosmological natural selection 

Parameters of the universes 
naturally gravitate toward 
being favorable for 
production of black holes 
 
Long stellar lifetimes also 
favorable for development 
of life 
 
Natural fine-tuning 
 
Falsifiable:  is our universe 
optimal for black hole 
production? 



Computational multiverse 

 Nick Bostrom (Oxford philosopher) in 2003 paper: 
 
1) humanity is likely to become extinct before reaching 

the level of technological advancement that we can 
simulate universes with Sims; 

2) there is a fundamental limitation in computing that 
keeps advancing civilizations from simulating a 
universe with Sims or, for some unknown reason, a 
civilization that develops the capability to simulate a 
universe with Sims chooses not to do so; 

3) we are almost certainly living in a computer 
simulation.  

 

 John Barrow (Cambridge cosmologist):  Once this capability to 
simulate universes is achieved, fake universes will proliferate and 
will soon greatly outnumber the real ones. 



From the Oct 18, 2013 Democrat and Chronicle 



Max Tegmark’s 
multiverse taxonomy 
Classified by level of 

abstraction/complexity 

Cosmologist at MIT 

arXiv: astro-ph/0302131 (Feb. 2003) 



The ultimate Copernican revolution – The Mathematical Universe 

SM “mathematical” multiverse 

Assume there is an external reality 
independent of humans 
There exists a TOE (theory of 
everything) 
TOE must be well-defined and 
unambiguous (no human language, etc.) 
TOE must be mathematics 
TOE must be a self-contained 
mathematical theory 
The TOE must be perfect and must 
have parts that correspond to every 
aspect of reality … isomorphic mapping 
The TOE is reality 
If this self-contained, self-consistent 
mathematical framework corresponds to 
our reality, why not others? 

 

Tegmark’s idea: 



Space-time separated 
 
 Beyond the horizon multiverse (Tegmark’s level I) 
 Fecund multiverse (black holes, smolin) 
 Oscillating big bang multiverse (technical and experimental problems) 
 Ekpyrotic multiverse (colliding branes, Steinhardt, Turok, Ovrut, Khoury) 
 Cyclic patch multiverse (dark energy gone crazy, Frampton , Baum) 
 Bubble multiverse (eternal inflation, Tegmark’s level II) 

 

Dimensionally separated 
 
Many worlds multiverse (Everett, quantum mechanics, Tegmark’s level III) 

 

Faith separated 
 
 Multiverse of faith (other planes of existence, heaven, hell, etc.) 
 Mathematical multiverse (Tegmark’s level IV) 
 Computational multiverse (the matrix) 
 Multiverse of wishful thinking (law of attraction, The Secret) 
 

SM populist taxonomy – classified according to 
primary form of separation of the universes 



Perhaps the question isn’t “do we live in a multiverse” 
but rather “how many types of multiverses are there in 

which we live?” 

Mathematical 

Bubble 

Ekpyrotic 

Beyond the horizon 

Many worlds 

You are here? 



When asked about whether or not he believed in the multiverse, 
Weinberg related that he just read that Martin Rees said he had 
enough confidence in the multiverse to bet his dog’s life on it.  
Andrei Linde said he had enough confidence to bet his own life …. 
    



“As for me, I have just enough confidence about the multiverse to 
bet the lives of both Andrei Linde and Martin Rees’ dog.” 
    -Stephen Weinberg 


