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Abstract

Even though it will not eventually destroy itself, human civiliza-
tion will confront huge astronomical and cosmological catastrophes that
would mean the end of the solar system or the universe itself, or its
causal evolution. In this letter we consider three of such catastrophes:
the death of the Sun, the big rip and the big trip, and analyze each of
them in some detail. In the cases of big rip and trip timetables for their
occurrence are established which depend on some initial conditions. It
is argued that the grow of wormholes induced by phantom energy ac-
cretion could be used by advanced civilization of the future or the whole
universe itself to escape their catastrophic ends.
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Starting with the discovery [1] that the universe currently expands in an ac-
celerated fashion, a plethora of new possibilities are now being explored. Even
though cosmology has evolved into a quite less speculative subject during the
last few years, some of its most recent predictions appear to be quite surpris-
ing. In this report we shall confine ourselves to consider three of such scientific
predictions: the death of the Sun [2], the big rip [3] and the big trip [4,5] so as
their mutual inter-connections and possible ways of escaping. Far from trying
to be alarmist and even less catastrophist, we content here however that the
human kind has to pose the above scientific possibilities. Notwithstanding,
we are going to leave without commenting on the probability of future local
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asteroid or comet impact on Earth leading to mass extinction in the hope that
we are on the way to safely control them, or potential vacuum phase transi-
tions which could be made possible out from our present lack of a complete
knowledge about the future evolution of the universe and fundamental theories.

The Sun’s death surely is the most genuinely scientific of these three predic-
tions and most of the physical processes involved in it are fairly well understood
[2]. The Sun is about 4.5 Gyrs old. It has already used up about half its nu-
clear fuel by now. In about 5 Gyrs from now, the Sun will be expected to
begin to die, after becoming a giant red. Many peoples of our present western
culture think therefore that the time-scales involved in the death of the Sun
are so long that there really is no point in losing sleep over it. However, a
more progresist attitude which looked at the human civilization from a less
individualist fashion would currently start worrying for the fate of the Sun
and would begin to plan a way to escape from that catastrophe, provided we
do not destroy ourselves in the meantime. Colonizing our galaxy is the un-
avoidable strategy we can foresee for that escaping. This would require a real
joint endevour which, after all, already seems to have started at our current
time.

The emergence of a big rip singularity in a finite future is a subject which
has been much debated in recent years. The big rip is a cosmological scientific
hypothesis [3] about the ultimate fate of the Universe which is ultimately based
on the value of the ratio between the amount of dark energy and pressure
which characterizes the vacuum of the present universe. If the universe would
contain enough dark energy, it could end with everything in it being pulled
apart. The key parameter is w, the ratio between the dark energy pressure and
its energy density. If, as it appears to be suggested by current observations,
w < −1 and the equation of state of the universe would keep constant long
enough, the universe will eventually be pulled apart. First the galaxies would
be separated from each other, then gravity would become too weak to hold
individual galaxies together. Approximately three months before the end, solar
systems will be gravitationally unbound. In the last minutes, stars and planets
will come apart, and atoms will be destroyed a fraction of a second before the
end of time. However if we take for the current Hubble parameter a value of
H0 = 70Km.sc−1.Mpc−1 and w=-3/2, then the final smash will take some 22
Gyrs from now to occur, a time which is far enough as for again not losing sleep
over it. Actually, sensible people may actually disregard the big rip because it
could only take place a long way after our solar system itself had disappeared.
Nevertheless, if one again adheres to feel as being a part of a human kind
civilization able to colonize the galaxy and thereby willing this civilization to
endure as long as possible, then the eventual occurrence of a big rip should
matter to us all.

The third great cataclysm that we shall consider is a rather peculiar one
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actually [4]. It has been dubbed big trip [5] because if it took eventually place,
then the universe as a whole could be converted into a traveller of its own - or a
multiverse - cosmic time [4]. Such a weird behaviour is made possible whenever
we consider accretion of the so called phantom energy (that is dark energy
with w < −1) onto initially stable microscopic or sub-microscopic Lorentzian
wormholes. It has been in fact recently uncovered that such an accretion
process leads to a very rapid increase of the wormhole size, an increase which
indeed is so rapid that the hole throat blown off even before the occurrence of
the big rip singularity.

In order for the wormhole space-time to keep the asymptotically flat struc-
ture when the throat size is comparable or larger than the radius of the universe
the two mouths of the wormhole should be re-inserted into extra universes quite
larger than ours. As it will then evolve from the big trip into the smash singu-
larity, the wormhole immediately becomes an Einstein-Rosen bridge [4] which
rapidly pinches off on the throat and losses all its energy to finally vanish at
the big rip. On the time interval where the wormhole size exceeds the size of
the universe, this may thus travel in time toward the future or past in a big
trip which necessarily would take place before the big rip, in the realm of some
multiverse description [7] where the used wormhole solutions can keep being
fully consistent. The big trip would then consist in a time travel by which the
phantom universe will finally find itself emerging in the interior of another,
larger universe which would generally be characterized by a different equation
of state with a distinct value of w. Since the phantom energy density rapidly
increases with the scale factor, at the moment of the big trip it will be much
larger than the vacuum energy density of the host universe if this has wh > −1,
and as soon the phantom energy enters the host universe, all the vacuum en-
ergy of the latter universe will be progressively annihilated leaving almost all
phantom energy intact. However, from the very definition of universe, the
evolution of the resulting universe will follow the pattern dictated by the value
of w that the host universe had before the big trip. Thus, the big rip will be
circumvented if wh > −1. All of this process bears a close analogy with the
biological action of parasites which are animals or plants (which would play
the role of phantom universes) that happens to live in or on a host (another
animal or plant playing the role of the host universe) and obtain nourishment
(the possibility to continue living; that is avoiding a big rip in cosmology) from
the host without benefiting or killing it.

On the other hand, one should expect that even much earlier than the time
of big trip but still far in our future, accretion of phantom energy had already
grown the wormhole throat up to a macroscopic size able to enclose the solar
system or our entire galaxy, while keeping its connections with regions of our
own universe consistent with the required asymptotic flatness of the wormhole
space-time solution. Thus, both our solar system and the Milky Way could
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travel back or forth in our own cosmic time, without needing other larger
universes to participate in such travels. It seems therefore very tempting to
consider the possibility of using sufficiently grown wormholes to circumvent
the catastrophic situations implied by both the death of the Sun and the big
rip itself. In what follows we shall deal with these issues in some more detail.

Thus, essentially the human civilization will have two alternative strategies
to escape from the disastrous effects of solar death. The first and more obvious
one is the above alluded colonization of at least a part of our galaxy. This poses
nevertheless the problem of finding another suitable planet whose conditions
could be adapted to life. The second and more bizarre strategy would require
phantom energy domination for long enough and consist in the future using of
a sufficiently grown wormhole able to engulf all components of our civilization
making them to travel back in the cosmic time of our own universe into a
moment at which our sun is still a sufficiently young star. Repeating this
process a sufficient number of times will give the human race all opportunities
to prepare distinct alternative places where living after the Sun death, or to
keeping a situation where the human civilization would continuously evolve
while the solar system (or the Milky Way galaxy) re-started evolution in a
recurrent way from a sufficiently early time. Making the solar system or the
Milky Way galaxy themselves to travel in time through the wormhole would
be of no use for the purpose of escaping the Sun final catastrophe and just
simply damned the solar system or the galaxy and their inhabitants to repeat
history.

The big trip can only take place in a multiverse context [7] for if the two
mouths of the wormhole are inserted into regions of a universe smaller than
the wormhole throat then the needed asymptotic flatness of the tunneling
solution would be broken down. Therefore, when the universe as a whole is
time travelling it will necessarily do so along a new time concept which can only
be defined in the full multiverse context, outside its own space-time. It follows
that escaping the big rip by travelling along multiverse times would make the
phantom universe to finally emerge inside another quite bigger (older) host
universe of the multiverse [5].

In what follows I will give an estimate of the time distribution of the above
cataclysmic events that are thought to take place along the future evolution
of the universe if this is filled with phantom energy with a constant equation
of state. Our computation will be based on fixing the values for the assumed
constant parameter of the equation of state and the current Hubble constant.
In order to make calculations easier, throughout the paper I shall take w =
−5/3 and H0 = 70Km.sc−1.Mpc−1. Now, if a flat geometry and sufficient
dominance of phantom energy are assumed for the universe the dimensionless
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scale factor can be generally written as

a(t) =
√

1 − Ωm

[
1 − 3

2
(|w| − 1)H0(t − t0)

]−2/[3(|w|−1)]

, (1)

where Ωm is the density of matter in the universe. Taking for this the current
value 0.3, Eq. (1) finally reduces to

a(t) =
0.837

1 − H0(t − t0)
. (2)

In this case the big rip singularity will take place at a time

t∗ − t0 =
1

H0
, (3)

that is we would now be 14 Gyrs from the big rip. Thus, having taken w =
−5/3 instead of w = −3/2, as Caldwell, Kamionkowski and Weinberg did [3],
approaches us to the big rip by some 8 Gyrs. All the considered catastrophic
events prior to big rip will also be shifted to nearer times. If we choose w =
−5/3, then: 38 Myrs before the big rip the galaxies, including the Milky Way,
will be separated from each other and then destroyed, less than 2 months before
the big rip the solar systems will break apart, some 20 minutes before the big
rip the Earth will explode, and finally atoms and particles will be ripped apart
in the last fractions of a second before the final big rip singularity.

Let us next consider when the big trip would be placed in the far future. It
is known [4] that, due to phantom energy accretion the radius of a wormhole
throat, b0, increases with cosmic time much more rapidly than the scale factor
of the universe a does. For w = −5/3 b0(t) will in fact evolve according to the
expression [4]

b0 =
b0i

1 − b0i(t−t0)a(t)
˙b′0i(t∗−t0)

, (4)

where

ḃ′0i =
2

πDH0

(5)

is the initial velocity for the throat change. The parameter D is a constant
which, together b0i, completely specifies the initial condition for the evolution
of the wormhole driven by phantom energy accretion in a universe with current
Hubble parameter H0. If the moment of the big trip is defined as the time at
which the wormhole throat blows up, then the big trip will occur at

t̃ − t0 =
t∗ − t0

1 + 0.837 b0i

ḃ′0i

. (6)



590 P. F. González-D́ıaz

Choosing the initial condition by fixing the value of the ratio b0i/ḃ
′
0i one can

then estimate the time at which the big trip takes place. That choice is not
completely free however. It can be seen that it is bounded from above by a
maximum finite value if the condition holds that b0 and a should become equal
to each other at given times before, t̄−, and after, t̄+, the big trip, with t̄− and
t̄+ restricted to be both smaller than t∗ and both larger than t0. In fact, for
the case being considered, crossing times satisfying the latter conditions are
given by

t̄− − t0 =
2.389 − f0i +

√
f 2

0i − 4 b0i

ḃ′0i

2.389H0

(7)

t̄+ − t0 =
2.389 + f0i −

√
f 2

0i + 4 b0i

ḃ′0i

2.389H0
, (8)

where f0i =
(
1 + 0.837 b0i

ḃ′0i

)
.

From the first of these two equations it follows that the value assigned to
the ratio b0i/ḃ

′
0i should satisfy b0i/ḃ

′
0i ≤ 0.507 if we want the time t̄+ to keep

its Lorentzian character and be in our future. In Fig. 1 we have represented
how the values of times t̃, t̄− and t̄+ vary with the initial condition given by
the ratio b0i/ḃ

′
0i for w = −5/3, Ωm = 0.3 and H0 = 70Kmsc−1Mpc−1. It

can be observed that whereas all these times decrease, their mutual differences
and hence the achronal interval Δt = t̃ − t̄− increase, as b0i/ḃ

′
0i is chosen to

be bigger. If we e.g. select b0i/ḃ
′
0i = 0.4 we obtain the timetable for the

occurrence of the big trip relevant times, in relation with the big rip, shown
in Fig. 2. Avoidance of the big rip that can be spontaneously achieved by
the action of bigger-than-the universe wormholes sending our entire universe
into another larger universe through the multiverse space-time has been also
pictorially represented. Also shown in Fig. 2 is the time of the Sun death
and two ways in which this can be avoided (or at least postponed) by using
grown-up wormholes that connect different moments of our own cosmic time,
collecting the members of future advanced civilizations inhabiting either our
solar system or the entire Milky Way. For the parameters used in this paper
the time for the latter tunneling has been estimated to be bounded from above
by the expression

tg − t0 = (t∗ − t0)

⎛
⎝1 −

0.837 b0i

ḃ′0i

1 + 0.837 b0i

ḃ′0i

− b0i

Rg

⎞
⎠ (9)

where Rg is the maximum largest dimension of our galaxy, Rg = 120, 000
light-years. Variation of the maximum tg with b0i/ḃ

′
0i is given in Fig. 1 as well.

Choosing a different, smaller value for b0i/ḃ
′
0i would shift the above timetable

toward larger times, according to the curves displayed on Fig. 1.
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A major argument against the existence of a phantom phase in the future
evolution of the universe comes out from the negative character of the scalar
field kinetic term in the Lagrangian which leads to the emergence of the vio-
lent instability pointed out by Carroll, Hoffman and Trodden [8]. According
to these authors phantom energy can eventually decay into gravitons, an in-
stability that could only be avoided if an energy cutoff at around 100 MeV is
introduced. However, the negative kinetic term of the scalar field can as well
be re-interpreted as either being due to the classical tachyonic nature of the
phantom field [9], or even in terms of an Euclideanized time. Then, the above-
mentioned instability is obviated and the phantom energy should be regarded
as being originated from some sort of macroscopic quantum field. Neverthe-
less, according to what has been discussed in the present letter, the phantom
universe is not just a quantized system but it can be considered as the quantum
which carries the quantized gravitational interaction within the framework of
a multiverse where every individual universe with w > −1 plays the role of
a particle. The distinguishing property of this quantum gravity view is that
the observers are not external to the particles and quanta but they actually
live inside them. Actually, in the system formed by two bigger universes, one
phantom universe and a rapidly growing wormhole, the phantom universe can
be emitted or absorbed by a bigger universe, and can make transitions between
two of such universes as well. At this stage one might wonder, are not all these
predicted effects typical manifestations which should be expected in a proper
theory of quantum gravity.
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Figure 1: Variations of the times for the big trip (t̃), the onset (t̄−) and outset
(t̄+) of the achronal region, and the Milky Way tunneling (tg), with the initial
condition b0i/ḃ

′
0i for w = −5/3 and H0 = 70Km.sc−1.Mpc−1. The discussion

on the main text refers to an initial condition b0i/ḃ
′
0i = .4 which may be

unrealistic. This initial condition has been however used in order to make
more apparent in the plot the achronal interval. Values for b0i/ḃ

′
0i which would

guarantee quantum stability of the initial wormholes should be quite smaller
than 0.4 and still induce large enough achronal intervals.
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Figure 2: Pictorial representation of the evolution of a universe filled with
phantom energy which is being accreted onto an initially sub-microscopic
wormhole for the case: (A) (bottom) when the wormhole keeps its connections
to the original phantom universe and can be used by advanced civilizations
colonizing the solar system or the Milky Way galaxy to escape Sun’s death,
without resorting to connections to extra large universes, (B) (up) when the
universe is re-connected to two quite larger universes of the multiverse and
undergoes a big trip before the big rip singularity.


