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 Composition of universe:
— 30% non-relativistic matter
— 70% dark energy

* Equation of state for
— Py is w =10

— FPpge evolves differently according to different
models



In phantom models, for Poe, aw << —1

— Therefore, at epochs much earlier than the
present, Py # Ppg

— while at epochs much later than the present,
Ppe # Py
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where r 7 2 according to current observations.



Period of Coincidence

1
To

where 13 is accepted to be 10.



Phantom Dark Energy Model with
future singularity

Finite lifetime
Possible to calculate coincidental fraction f
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Coincidence problem significantly ameliorated



llie et al.'s Phantom Cyclic Model
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FIG. 1: Numernecal solutions for the energy densities as we
complete a cycle from a deStiter phase back to 1it. Here we
have chosen: w = -'5_, pp =5, gy = .1, m = 1072 M, and we
have set M, to one. Note the six distinct phases: LA and [LB
corresponding to reheating; ILA and IL.B corresponding to a
radiation dominated universe; IIILA and IILB corresponding
to the phantom and dS phase respectively. In order to make
all phases clearly distinct we chose the transition set the min-
imun‘; energy density at around 10~% instead of the realistic
mel’”



Toy model
— Ppetracks 2
— ppg decreases tom*

— Ppe behaves like phantom fluid, enters
inflationary phase

— ppgincreases to M*



Friedmann equation in terms of Pa and Poe
components:

L : 5 [ R 3 R —3(14ea)
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Assume ¢cu IS constant.




 The time the universe takes to complete one

cycle:
Py MY 2
R=R. [—2— . _L
B DEPDEDF,H:' EME—l o g —E B —gla+) zdR
e = i P ﬂr-f:.(_ﬁ—n]' tPDE, ILE_:-}

* The time the universe takes to expand from k
to Eg :



In each cycle, the fraction of time that the
universe spends in a coincidental state:
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which is also that of entire universe’s lifetime.
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This ameliorates the coincidence problem.
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