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The answer will depend on what time is supposed to be in this picture.
There seems to be two ways to establish the possibility of older patches:

& Define some sort of a ‘supercosmic’ time for the multiverse which
gives a definite time ordering of the patches (as in the picture).

@ |If this cannot be done, then try to extrapolate our ‘local’ cosmic
time concept back through our ‘local’ Big Bang.
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How is (ordinary) cosmic time defined?

Indeed, what is time?
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Two philosophical views on time

Newton: Absolute time Leibniz: Relational time

Absolute, true, and mathematical Space and matter differ, as
time, of itself, and from its own time and motion. However,
nature, flows equably without relation these things, though different,
to anything external (1687) are inseparable (~ 1716).

But does Newton's absolute time make sense?
» Flows without relation to anything external? How fast does it flow?

In the end, Newton might have agreed that time is implicitly defined by
the laws of nature, that absolute time is what an ideal clock (a physical
process governed by these laws) would measure, and that time is - in this
sense - inseparable from motion.
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2. The cosmological principle. The universe is (spatially) homogeneous and

isotropic. (FLRW: ds? = c2dt® — R(t) {1

-+ r2(d6? + sin’ 9d¢2)})



Cosmic time and the matter content

Both the Weyl postulate and the cosmo-
logical principle, which are needed to set
up the standard model of cosmology, and
define a cosmic time, refer to the physical
constituents of the universe. This means



Cosmic time and the matter content

Both the Weyl postulate and the cosmo-
logical principle, which are needed to set
up the standard model of cosmology, and
define a cosmic time, refer to the physical
constituents of the universe. This means

1. The definition of cosmic time is re-
lated to the behaviour of the material
constituents of the universe. This sup-
ports a relational conception of time.



Cosmic time and the matter content

Both the Weyl postulate and the cosmo-
logical principle, which are needed to set
up the standard model of cosmology, and
define a cosmic time, refer to the physical
constituents of the universe. This means

1. The definition of cosmic time is re-
lated to the behaviour of the material
constituents of the universe. This sup-
ports a relational conception of time.

2. The required behaviour of the material
constituents of the universe seems to be
a classical behaviour.



Cosmic time and the matter content

Both the Weyl postulate and the cosmo-
logical principle, which are needed to set
up the standard model of cosmology, and
define a cosmic time, refer to the physical
constituents of the universe. This means

1. The definition of cosmic time is re-
lated to the behaviour of the material
constituents of the universe. This sup-
ports a relational conception of time.

2. The required behaviour of the material
constituents of the universe seems to be
a classical behaviour.

Could entangled quantum con-
stituents (wavefunctions) produce
this picture of non-intersecting
geodesics?



Cosmic time and the matter content

Both the Weyl postulate and the cosmo-
logical principle, which are needed to set
up the standard model of cosmology, and
define a cosmic time, refer to the physical
constituents of the universe. This means

1. The definition of cosmic time is re-
lated to the behaviour of the material
constituents of the universe. This sup-
ports a relational conception of time.

2. The required behaviour of the material
constituents of the universe seems to be
a classical behaviour.

Definition of

cosmic time

Could entangled quantum con-
stituents (wavefunctions) produce
this picture of non-intersecting
geodesics?

Classical and well-behaved

material constituents
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If time is relational, then there is no freely flowing absolute and universal
background time parameter — (cosmic and supercosmic) time needs to
be grounded in matter behaviour.

In particular, in the above picture (and in similar pictures from the string
landscape), there does not seem to be a homogeneous multiverse with
patches obeying the Weyl postulate - which could physically ground a
‘supercosmic’ time to order the patches.
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As one extrapolates backwards in cosmic history, the prerequisites for
setting up the cosmic time (and the cosmological principle) may become
problematic:

1) Before the electroweak phase transition (~ 107! seconds), known
physics becomes scale invariant, so one loses any handle on how close we
are to the singularity.

Way out: Postulate some speculative physics scale (but admit that the
time scale becomes speculative too) [Rugh and Zinkernagel 2009]

2) Suppose you are a quantum fundamentalist (= everything is quantum,
and even if something looks classical now, there were an early time when
nothing did). Then, at this early time, it seems that no well-defined and

non-intersecting particle trajectories can be found (Weyl postulate?).

Certainly most people would agree that, at least, there is no (known)
sensible time concept " before” the Planck time (10~*3 seconds).



So could our universe be just a patch in a
much older (and larger) structure?
As mentioned, there seems to be two ways to establish this possibility:

1) supercosmic time to order the patches; or 2) extrapolation of our
cosmic time concept back through our Big Bang.



So could our universe be just a patch in a
much older (and larger) structure?

As mentioned, there seems to be two ways to establish this possibility:
1) supercosmic time to order the patches; or 2) extrapolation of our
cosmic time concept back through our Big Bang.

BUT:



So could our universe be just a patch in a
much older (and larger) structure?
As mentioned, there seems to be two ways to establish this possibility:

1) supercosmic time to order the patches; or 2) extrapolation of our
cosmic time concept back through our Big Bang.

BUT:

It seems difficult to define a supercosmic time... (if there is no Weyl
postulate and no homogeneity in the multiverse).



So could our universe be just a patch in a
much older (and larger) structure?

As mentioned, there seems to be two ways to establish this possibility:
1) supercosmic time to order the patches; or 2) extrapolation of our
cosmic time concept back through our Big Bang.

BUT:

It seems difficult to define a supercosmic time... (if there is no Weyl
postulate and no homogeneity in the multiverse).

It seems difficult to extrapolate our ‘local’ cosmic time backwards to a
pre Big Big epoch... (through the electroweak phase transition?; through
a quantum gravity ‘epoch’?; through the singularity?).



So could our universe be just a patch in a
much older (and larger) structure?

As mentioned, there seems to be two ways to establish this possibility:
1) supercosmic time to order the patches; or 2) extrapolation of our
cosmic time concept back through our Big Bang.

BUT:

It seems difficult to define a supercosmic time... (if there is no Weyl
postulate and no homogeneity in the multiverse).

It seems difficult to extrapolate our ‘local’ cosmic time backwards to a
pre Big Big epoch... (through the electroweak phase transition?; through
a quantum gravity ‘epoch’?; through the singularity?).

Finally, it seems to be even more problematic to think of patches ‘older’
than ours if we consider more radical versions of the multiverse (c.f.
Tegmark's level 1I-1V):

...completely disconnected regions or ...very or fundamentally different
laws (time is implicitly defined by laws); ...
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