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Abstract

We consider multiverses as time-amalgamated multiply warped products of
Lorentzian (Einstein) manifolds. We define the Local Multiverse as a time-
connected component associated with our physical (3 + 1)-spacetime. It is a
collection of “parallel universes” with (mutually) synchronized timelines.
Metaphysical considerations suggest that the Local Multiverse could be an
extremely complex agglomeration with, at least, several hundred parallel un-
iverses in the Solar neighbourhood (and many thousands in galaxy bulks). In
this paper we study a simplified time-almagamated globally hyperbolic mod-
el. Our picture implies the multiversality of elementary particles which are,
actually, transcosmic (super)strings with multiple endpoints on parallel un-
iverses considered as D-branes.
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1. Introduction

By definition, a spacetime or universe (X , g) in this paper means a connected
time-oriented (n+1) -dimensional Lorentzian manifold of signature (1, n). The
product of two universes with dimensions m+1 and n+1 gives a pseudo-Ri-
emmanian manifold of signature (2,m+n).

However, when timelines of two universes are synchronized, we can take
time-amalgamated products and coproducts. It leads to the natural definition of
multiverses as such amalgamated (co)products. Basically, there is a unique time-
line (up to appropriate synchronizations) in all parallel universes of the same
multiverse.

The Local Multiverseis a (time-)connected component of our physical (3+1)

-spacetime in the collection of all universes. According to Buddhist and Hindu
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cosmologies and other metaphysical considerations, we might suppose that the

Local Multiverse is a huge agglomeration of parallel universes.

2. Globally Hyperbolic Multiverses

Let us denote T the 1-dimensional timeline R', considered as a manifold with
negative definite metric —dt*. A globally hyperbolic universe is a spacetime
(X,g) admitting a global time function 7:X — T (cf [1]) as well as a
Cauchy hypersurface C = T’l({O}) ([[2], 6.6], [[3], 3.2]). Recall that every in-
extendile non-spacelike curve intersects C exactly once. Global time functions
are continuous and strictly increasing along the future-directed non-spacelike
curves. Normally, we will consider Cauchy time functions giving foliations of X
by Cauchy hypersurfaces 77 ({C}), ceT.

Definition 2.1. Let X, ,---, X, be a collection of globally hyperbolic space-
times of dimensions N, +1 with time functions 7,: X; > T, =T, 1<i<k.
Then the pullback/fibered product

I Xi = Xy xq Xy X eexp Xy (2.1)

in the category of topological manifolds will be called a globally hyperbolic mul-
tiverseassociated with (Xy,---,X,) and (7,7, ). Pullbacks of type (2.1) will
be also called time-amalgamated products.

Remark 2.1. The dual notion is the amalgamated sum of universes along syn-
chronized timelines.

By Geroch’s splitting theorem [4] (improved by Bernal-Sanchez [5] [6]) each
X;, 1<i<k, is homeomorphic (diffeomorphic) to TxC, where C; is a
(smooth) Cauchy hypersurface in X, . Consequently, M is homeomorphic (dif-
feomorphic) to Tx S x---x§, .

Example 2.1. (Naive Minkowski-de Sitter multiverse) Consider the (n+1)
-dimensional Minkowski spacetime R"" with metric

—dt? +dx? +---+dx’ (2.2)
and de Sitter spacetime T x S? with warped metric [[3], 5.3]

—dt? +r? cosh?(t/r)h (2.3)
where 4 is the usual Riemannian metric on S° with constant sectional curva-

ture K =+1. Then the associated multiverse is homeomorphic (diffeomorphic)
to TxR"xS® with metric

_dt2+[dx12 +.--+dx§]+[rzcosh2(t/r)h]. (2.4)

Strictly speaking, even in simple splitted cases, our globally hyperbolic multi-

verses should not be considered as universes. It’s rather a collection of universes

with their own internal physical theories, connected by an ambient interversal
space filled by transcosmic strings (cz sect. 7).

3. Improved Geroch’s Splitting Theorem

In this section, we state an improved version of Geroch’s splitting theorem, due
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to Bernal and Sanchez [[6], theorem 1.1].
Theorem 3.1. Let (X,q) be a globally hyperbolic spacetime. Then, it is iso-

metric to the smooth product manifold.

TxS,g=-A(tx)dt* +§ (3.1)

where § is a smooth spacelike Cauchy hypersurface, the natural projection
7:TxS —> T is a smooth time function with past-directed timelike gradient
Vr, f:TxS —)]0;+oo[ is a smooth function and § is a Riemannian metric
on each slice S, =7 ({C}) , VceT.

Remark 3.1. 1) Bernal and Sanchez propose to call temporal those time func-
tions that appear in this theorem.

2) The proof extends directly from dimension 3+1 to any dimension n+1.

4. Multiply Warped Lorentzian Metrics

We have defined globally hyperbolic multiverses in the category of topological
manifolds. However, the smooth version of the Geroch’s splitting theorem al-
lows us to define multiply warped Lorentzian metrics on multiverses. We adopt
an appropriate version of the standard definition going back to Bishop-O’Neill
(c£[[3], 3.6]).
Let X =TxS, and Y =TxS, be two (splitted) spacetimes with metrics

g=-pdt°+§ and h=-p,dt? +h resp. We can endow the multiverse
X x, Y with the doubly warped Lorentzian metric

9%.) h=g A h= _ﬂlﬂzdtz + 5,0 +ﬂlﬁ- (4.1)

Inductively, we can also define multiply warped Lorentzian metrics on any
globally hyperbolic multiverse.

Actually, the definition can be extended to more general splitted cases and
partial Cauchy hypersurfacess. For instance, the universal anti-de Sitter space is
strongly causal, but not globally hyperbolic. Indeed, it has no global Cauchy
hypersurfaces [[2], 5.2]. Nonetheless, one can consider multiverses containing
AdS spaces.

Example 4.1. (Minkowski-AdS, multiverse) The metric of the anti-de Sitter
spacetime AdS,, in appropriate coordinates (t’,r,9,¢) can be written in the
form [[3], 5.3]:

ds? = —cosh? (r)(dt’)2 +dr? +sinh? (r)(dH2 +sin” 6d ¢° ) (4.2)
Thus, the Minkowski-AdS, multiverse R“" x, AdS, has the warped metric
—cosh? (r)(dt')’ +[cosh2 (r)(dxf +oeet X2 )J (4.3)

+[dr2+sinh2(r)(d02+sin20d¢2)] (4.4)

Finally, notice that metric (4.1) is conformal to

ds? = —dt? +&+L. (4.5)

1 2
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5. Multiversal FLRW Models

Recall that Friedmann-Lemaitre-Robertson-Walker (FLRW) universeis a spacetime
X =TxS, where Shas constant sectional curvature K, with metric of type:

ds? = —dt? +a(t)’ do?. (5.1)

Here a(t) should satisfy the so-called Friedmann equations [[2], 5.3, (5.12)
and (5.13)], giving a solution to Einstein equations.

Definition 5.1. Any time-amagamated products of FLRW universes will be
called FLRW multiverses (cf. Figure 1).

The basic example is a time-amalgamated product of Einstein static universes
TxS", where S" is the n-sphere with standard spherical Riemannian metric
[[3], Ex.~5.11]. So, such Einstein static multiverseslooks like bouquets of spheres,
remaining static when time evolves.

Notice also that Minkowski, de Sitter and Anti-de Sitter spaces can be conformally
embedded into the Einstein static universe. However, it requires time modifications
t —>t' and horizontal slices, corresponding to {t’=const}, are not Cauchy
hypersurfaces in general [[2], ch.~5, fig.~14-21].

6. Models with Multiple Big Bangs and Big Crunches

We can extend our initial definition 2.1 to the case where T, are open intervals
(finite or infinite) of the real timeline. So, the pairwise amalgamation of un-
iverses X; and X, happens only in the intersection T, NT;.

Let A
FLRW universes dependson A (see [[2], 5.3]).
o (A<A

(“Big Bang”) and recollapsing to a second singularity (“Big Crunch”).

>

be the critical value of the cosmological constant A . The nature of
) There are FLRW universes expanding from an initial singularity

crit

Local Multiverse

transcosmic string

Figure 1. Multiversal FLRW model consisting of 3 branes-universes with a connecting

transcosmic string.
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e (A=A,;) There are FLRW universes starting from an initial singularity
(“Big Bang”) and asymptotically approaching the Einstein static universe.

e (A>Ag;) There are FLRW universes expanding forever from an initial sin-
gularity (“Big Bang”) and asymptotically approaching the so-called steady
state model [[2], 5.2].

This list is not exhaustive and there are also different possibilities and, in par-
ticular, other options for Big Crunches.

Amalgamating such FRLW universes (possibly with different cosmological
constants), one obtains multiversal FLRW models with multiple singularities.

These singularities correspond to attachments and detachments of universes

to/from the Local Multiverse.

7. Matrix of Transcosmic Superstrings

We suppose that universes, belonging to the same multiverse (e.g. Local Multi-
verse), are interconnected by myriads of transcosmic (super) strings. At least, all
baryons are supposed to be highly multiversal, Ze. existing simultaneously in
numerous universes. In other words, observed baryonic particles are just end-
points of transcosmic baryonic strings.

Remark 7.1. Strictly speaking, such general theory of open strings [7] with
unrestricted numbers of endpoints on multiple D-branes [8] does not yet exist.
So, our considerations in this section are informal and hypothetical.

In this perspective, the Local Multiverse can be alternatively defined as the
common world volume of all transcosmic strings with endpoint particles in our
physical universe.

Here we speak mainly about baryons of the first generation (protons and neu-
trons) as principal constituents of the matter. This is also related to the Matrix of
the Local Multiverse, but it is a different story.

8. Conclusions

In this paper we sketched an amalgamated geometric construction of multi-
verses, starting with globally hyperbolic models and giving simple examples. It
permits to study FLRW multiverses with multiple Big Bangs and Big Crunches.
However, these events are not catastrophic and correspond to attachments and
detachments of universes from the Local Multiverse.

In terms of a generalized superstring theory, the Local Multiverse is the com-
mon world volume of transcosmic strings having endpoints in our universe.
These endpoints are supposed to be baryonic particles of the first generation
(protons and neutrons) as principal constituents of the matter and of so-called
Matrix of the Local Multiverse.

Basically, this Multiversal Matrix is a collection of transcosmic baryonic
strings, sealed by electroweak and gluonic fields, but this topic is well beyond the
scope of the present paper.

Concerning the number of “parallel universes” inside the Local Multiverse, I
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could refer only to my metaphysical book [9]. It is supposed to be 250+ on our
(multiversal!) planet Earth, several hundreds in the Solar neighborhood and, at
least, several thousands in star clusters and galaxy bulks.

Hopefully, experimental physicists would be able to prove the multiversality

of elementary particles during this century.

Acknowledgments

I would like to thank my colleague Joseph Tapia for fruitful and inspiring dis-

cussions.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-

per.

References
[1] Hawking, S.W. (1969) The Existence of Cosmic Time Functions. Proceedings of the
Royal Society of London, Series A, 433-435. https://doi.org/10.1098/rspa.1969.0018

[2] Hawking, S. and Ellis, G. (1973) The Large Scale Structure of Space-Time. Cam-
bridge University Press, Cambridge. https://doi.org/10.1017/CBO9780511524646

[3] Beem, J., Ehrlich, P. and Easley, K. (1996) Global Lorentzian Geometry. 2nd Edi-
tion, CRC Press, Boca Raton.

[4] Geroch, R. (1970) Domain of Dependence. Journal of Mathematical Physics, 11,
437-449. https://doi.org/10.1063/1.1665157

[5] Bernal, A.N. and Sanchez, M. (2003) On Smooth Cauchy Hypersurfaces and Geroch’s
Splitting Theorem. Communications in Mathematical Physics, 243, 461-470.
https://doi.org/10.1007/s00220-003-0982-6

[6] Bernal, A.N. and Sanchez, M. (2005) Smoothness of Time Functions and the Metric
Splitting of Globally Hyperbolic Spacetimes. Communications in Mathematical Phys-
ics, 257, 43-50. https://doi.org/10.1007/s00220-005-1346-1

[7]  Polchinski, J. (2005) String Theory. Cambridge University Press, Cambridge.
[8] Johnson, C. (2003) D-Branes. Cambridge University Press, Cambridge.

[9] Potemine, I. (2021) Initiation into the Modern Transcosmology.
https://ficbook.net/readfic/10578229

DOI: 10.4236/jhepgc.2021.74072

1218 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2021.74072
https://doi.org/10.1098/rspa.1969.0018
https://doi.org/10.1017/CBO9780511524646
https://doi.org/10.1063/1.1665157
https://doi.org/10.1007/s00220-003-0982-6
https://doi.org/10.1007/s00220-005-1346-1
https://ficbook.net/readfic/10578229#path=/_blank

	Amalgamated Geometric Structure of the Local Multiverse
	Abstract
	Keywords
	1. Introduction
	2. Globally Hyperbolic Multiverses
	3. Improved Geroch’s Splitting Theorem
	4. Multiply Warped Lorentzian Metrics
	5. Multiversal FLRW Models
	6. Models with Multiple Big Bangs and Big Crunches
	7. Matrix of Transcosmic Superstrings
	8. Conclusions
	Acknowledgments
	Conflicts of Interest
	References

