
El Multiverso y las otras dimensiones: 
un viaje matemático y filosófico



Plan:

 Part (I): Understanding the (mathematical) multiverses.

 Part (II): Advanced stuff 



PART(I)→ Introduction to the Multiverses: 
the mathematical reality hypothesis!

 Physmatics = Physics + Mathematics 

 Physchematics = Physics + Chemistry + Mathemics



Solipsistists here?



Niveles de Multiverso (Tegmark)/
Levels of the Multiverse

 Pictures? A naive (not the 
only) one:



Multiverse: Levels 1 to 4



Multiverse: Level 1, details
(Todo lo que puede ocurrir, ha ocurrido u ocurrirá)



Multiverse: Level 2 details
Key idea: inflation! (Money?) Well, no...



Multiverse: Level 3, details (I)
The Quantum realm...

 The wave function rises (Is it 
“real”? Not really...Generally, it 
is...complex!)

  

 Big deal. The only real stuff 
are...Probabilities (real stuff, 
literally).



Multiverse 3 (and 1): in a joke...



Multiverse 4: Or when things go crazy...



Multiversal review (I)



Multiversal review (II)



Multiversal review (III)



Multiverse: beyond. How many? 
More dimensions? 



Part (II)→  The mathematical multidimensional 
multiverses (physmatical, physchematical!)



The views of superstrings and 
M-theory Dp-branes vs. The current  Big Bang



Dimensions and hyperspaces

 Geometry( Geometría):

 Vacuum, point, line, 
plane, 
space,...Hyperspace! 
(0,1,2,3,...D>3!)

 D=-1????? D=-n??? 
D=a+bi?????

 Generally:  

 Exceptionalities:

 a) Non-integer constant 
dimensions: fractals!

 b) Non-integer VARIABLE 
dimensions: multifractals!

 c) Negative dimensions 

    (weird?)

 d) Complex dimensions?

 e) Something else????
D≥0



Dimensions and hyperspaces (II)

 Void = Vacuum = 
Nothingless (boring?)

 Points: discrete (lattice)

 or continuous (space and 
time)

 Types of ordered points: 
Crystals, quasicrystals, 
polycrystals, 
quasipolycrystals,...

 Lines, surfaces, volumes,
…Connected?

 a) Unoriented discrete

 b) Oriented discretes

 c) Continuous + oriented

 Graphs, digraphs, 
multidigraphs



Dimensions and hyperspaces (III)



Vocabulary

 Point to point: multigraphs, multidigraphs, apeiromultidigraphs.

 Polygons, polyhedra, polytopes (apeirogons, apeirohedra, 
apeirotopes,…). Others: amplituhedra, associahedra, the 
grassmannian, positroids, ...

 Special types: regular polygons and polytopes.

 D=2→ Infinite regulare polygons, D=3→ 1+4 regular 
polytopes, D=4 → 6 regular polytopes, D>4 → 3 regular 
polytopes. 



D=2 and D=3 regular polygons and polyhedra

 D=2: equilateral triangle, square, regular pentagon,
…,regular n-gon.

 D=3: tetrahedron (simplex), cube/hexahedron, 
octahedron, dodecahedron, icosahedron. 

 The platonic

 polyhedra (3d):



D=4 polytopes! 
 #1. 5-cell, 4-

simplex, 
pentatope, 
pentahedroid, 
pentachoron. C-5

 #2. C-8, 8-cell, 
octachoron, 
octahedroid, 
tetracube, tesseract, 
hypercube.  

 #3. C-16, 
hexadecahedroid, 
hexadecachoron,o
rthoplex, 16-cell. 

 #6. C-600. 
hexacosichoron 
and 
hexacosihedroid. 

 #5. C-120, 120-cell, 
dodecaplex, 
hyperdodecahedron, 
polydodecahedron, 
hecatonicosachoron, 
dodecacontachoron and 
hecatonicosahedroid.

 #4. C-24, 24-cell, 
icositetrachoron, 
octaplex, 
hyperdiamond, 
polyoctahedron.



D=4 polytopes (II)!

 5-cell  8-cell  16-cell

 600-cell 120-cell 24-cell



D>4. Stranger things happen...

 Only 3 (+1 exotica) regular polytopes.

 #1. n-simplex (n>4). Hypertetrahedron (5-cell=4-simplex)

 #2. cross-polytope, n-orthoplex, hyperoctahedron, cocube. 

 #3. n-cube, hypercube, hypertesseract, n-dimensional cube (non-regular→ n-orthotope).

 Oddity: n-pentagonal polytope (non-regular uniform).

 Curiosities: n-cube has         points, 2n-sides or faces.

 E(m,n), m<n, m-cubes in the boundary of n-cubes:

 Formulae for the n-cube: 

  

2
n

2
n−m(nm)

V=Ln S=(2n)Ln− 1



D > 4. More formulae

V=√2n
n !
L
n

 N-orthoplex

  N-simplex

 Not a polytope, but the hypersphere volume and hypersurface

S= √2n+1n
(n−1) !

L
n−1

E (k ,n)=2k +1( n

k +1)

V=√2−n (n+1)
n!

L
n S=√21−nn

(n−1) !
(n+1)Ln− 1 E (k , n)=(n+1k+1)

V=
Γ (1/2)n Rn

Γ (n /2+1 )
S (n−1)=dV (n )/dR→ S (n)=

2Γ (1 /2)n+1

Γ ((n+1)/2)
Γ (n)=(n−1)!⇔ Γ (1/2)=√π



Conclusion (Waku, waku!)

Explore higher dimensions and multiverses!
(Never stop exploring!) 
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