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The String Landscape & the Multiverse 
     a. Qucik History of Cosmology 
     b. Quick History of String Theory 
     b. Development of String Landscape 
     c. Life in the Multiverse 
 
 
      



Geocentric Picture of Universe  
from Greco-Roman until 1600’s 



Heliocentric Picture of Universe  
 from 1600’s through 1700’s 



Galacticentric Picture of Universe  
 from 1800’s through early 1900’s 
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   You are here 

           ↓ 
       



Visible Universe 
(univercentric picture) 

.cbabcaa AgA µµµ ωεωδ +∂=

trillion galaxies, 
 
trillion stars per 
galaxy 
 

13.7 billion 
light years 
In diameter 
 
= 8 x1022 mi 
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Cosmic Microwave Background 

WMAP:  
Temp variations 
of 1 part in 100,000 
denoted by color  
variations 
 
Blue is hottest, 
Red is coldest 
 
 

Present CMB Temp   
  = 2.73 Degrees above 
     absolute zero 





CMB (Planck) 



5001010

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



5001010

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



5001010

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



5001010

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





5001010

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



5001010

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



5001010

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



5001010

S.
 C

ar
ro

ll,
 h

ttp
://

pa
nc

ak
e.

uc
hi

ca
go

.e
du

/~
ca

rr
ol

l 





5001010

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



5001010

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



5001010

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



5001010

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



5001010
5001010
5001010
5001010
5001010
5001010
5001010 .cbabcaa AgA µµµ ωεωδ +∂=5001010

 
 
 
 
 

Proposed solution 
                  String/M-Theory 
 
 
 
 
 
     

 www.baylor.edu/~CASPER 



All Matter & Forces in the Universe 
Unified by String Theory 



Particles & Forces 
Like Notes on a Violin String 
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Spherical  Toroidal 

Products of 6 Circular Directions 

or 

Forming  

9 Dim à 3 Large Dim  
     + 6 Compact Dim  

Too Simple! 



too simple to result in 
Either the matter particles that exist … 

   

Sean Carroll, From the Universe to the Laboratory, http://
pancake.uchicago.edu/~carroll 



Or the force carrying particles … 
 
 
 
 
 
 
 
 
 
 
 

So more complex shapes investigated … 
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2 Dim Surface C-Y Surface—Need to extend to 6 Dim 

Require 
Calabi-Yau Compactification Shape 

from 6 Compactified Dimensions 



Finite Initial Size and Temperature  
of String Theory Universe 
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Nagging Problem for 1st Decade 
(1985-95): 

Not Just 1 10-Dimensional String Theory 
But 5! 

www.sukidog.com/jpierre/strings/ 



Solution: Duality (Equality) of All 
5 String Theories 

www.sukidog.com/jpierre/strings/ 



Each ‘Theory” is SAME THEORY  
IN DIFFERENT 

MATHEMATICAL LANGUAGE 

Ω O Й  א ڜ

www.sukidog.com/jpierre/strings/ 



Membrane String 

→ 
→ 

w/ 10 Dim w/ 11 Dim 

www.sukidog.com/jpierre/strings/ 



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



Effective 5-Dimensional Theory 
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Tests for sub-mm.directions 

          Fgrav = -Gm1m2/r2 → -Gm1m2/r2+n  
 

          1/r2 form of gravity being tested. 
 
  
 
      Standard gravity verified down to 0.15 mm  
      at Univ. of Wash. with 97% confidence level 



Manufacturing of  
Stringy Blackholes! 

Ø  If 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!  

Ø  Mini-black holes have distinct decays 
     —easily identifiable! 
 
Ø  Black Holes Detectors for 
    Fermilab and CERN 



Proposed Explanation for Big Bang 
Implying Time Before Time! 
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Single 
Event  

Cyclical 
Events  



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, separated, Big Bang regions might have 
been formed from distinct collision points of 
Branes!  
 

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

→ 
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String Landscape 

C.C. 
1 

10-120  10-119  

~ 1012 x 10500 Models in M-Theory  



String/M Landscape 
C.C./D.E.  (MPl)4 

1 

10-120  
Our universe 0 

  1 

de Sitter 

Anti-de Sitter 

-1 
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The extraordinary quality of the Planck data reveals the presence of subtle anomalies in the 
CMB pattern that might challenge the very foundations of cosmology. The most serious 
anomaly is a deficit in the signal at large angular scales on the sky, which is about ten per cent 
weaker than the standard model would like it to be. Other anomalous traits that had been hinted 
at in the past - a significant discrepancy of the CMB signal as observed in the two opposite 
hemispheres of the sky and an abnormally large 'cold spot' - are confirmed with high 
confidence. Planck's new image of the CMB suggests that some aspects of the standard model 
of cosmology may need a rethink, raising the possibility that the fabric of the cosmos, on the 
largest scales of the observable Universe, might be more complex than we think. (ESA Report) 
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FIG. 4 Distribution of CKM angles at small and large angles for a scale 
invariant distribution. The black line is for θ12 and θ23, the gray line is 
for θ13. 
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FIG. 5  Distribution of up-type (u,c,t) and down-type (d,s,b) 
masses. On the horizontal axis powers of ten are indicated. 

A.N. Schellekens, ‘Life at the Interface of Particle Physics and 
String Theory, arXiv:1306.5083v2. 



Membrane 

FIG. 1 Habitable regions in QFT space. The gray circle 
represents the experimental bounds on the Standard 
Model. The dots show the distribution of QFT points in a 
hypothetical landscape. 
A.N. Schellekens, ‘Life at the Interface of Particle Physics 
and String Theory, arXiv:1306.5083v2. 
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Ø  The Multivercentric Picture—is it the next step in our 
perception  
    of reality? (And what might come after?) 

Ø  It would provide a much deeper understanding of a reality     
    vastly (unimaginably) beyond our universe.  
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String Landscape and the Multiverse 

Ø Next step in our perception of reality?  
              Multivercentric Picture! 
 
Ø May provide a much deeper understanding reality—    
   beyond our universe,  


