Coincidence problem within
decaying self-interacting Bose gas
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Coincidence problem
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Fine-tuning problem
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Thermodynamics of interacting Bose gas

Single-particle energy

g=%+von,(vo <0) (valid at low T and T~TC)




Total energy

The total energy can be obtained by integrating the single-
particle energy into the Bose distribution. When T<T,

Pressure

The pressure can be obtained from the above expression,




Interactive Bose gas and radiation, no interaction between components

Energy density growing with a

Super-exponential acceleration




Acceleration in terms of the total density and pressure

The universe expansion is accelerated when [y ZRL0.

The universe Is accelerated super-
: +p<O0
exponentially when

(e.g. phantom dark energy)



Horizon problem, within inflation
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Fig. 8.4: The evolution of the physical siee of the comoving scale, A, and of the
Hubhle radius, A1, in the standard and the inflationary cosmologies. In the stan-
dard cosmology (i.e., no inflation) a given scale crosses the horison but once; while in
the inflationary cosmology sll scales begin sub-horizon sized, cross outside the hori-
gon (“good bye”) during inflation, and re-enter again (“hello again”) during the post-
inflationary epoch. Note that the largest scales cross cutside the horizon first and
re-enter last. The growth in the scale factor [N = In{Rpn/R)] between the time n
scale crosses outside the horigon during inflation and the end of inflation is also in-
dicated. For a galaxy, Ngar = In(Rpg/R:) ~ 45, and for the present horizon scale,
Nion =In{Ran/Ra) ~ 63. Causal microphysics operates only on scales less than H—1
{indicated by srrows). During inflation H—! = H;! = const, and in the post-inflation
e, H~! ~t o RY" (n = 1/2-—radistion dominated, n = 2/3—matter dominated).




When the parameters used
predict a super-
exponential inflation this
range Is larger




L ate Universe Acceleration

Problem in describing dark energy:

Interaction term decays faster than mass and kinetic terms

Generic decay term:  N=cV" ; N=N(t)

*Valid in fluid exchange processes: black hole decay, cosmic ray
generation, dust interaction.

*Markoffian (not dependent on previous history) .

*Includes H factor in FRW equations.



Two-component model

1) Dark-energy conservation

d(paV) = —padV + padNy

2) Total energy conservation

S d(pV) = S (—pidV + pdN; + TydS;)

3) 00 component of Einstein equations

Markoffian process: dN=N(dV/V)




Parameter study example
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Boson model vs ACDM

Density ratio vs a Magnitude vs a



Main conclusions

Attractive interaction (within a Bose gas) leads to negative
pressure, and positive acceleration.

Condensate interactive Bose model can solve the horizon
problem.

Possibility of obtaining Gaussian, scale-invariant fluctuations

With Markoff-like dependence of N(V), scaling behavior,
solving the coincidence problem.









Cosmology data

Cosmology “standard model”

parameter symbol WMAP-5 comment

alone + BAO + SNe

(reference)

CMB temperature T 2728 0.004 K - from (Fixsen er al., 1996)
total energy density ot 099 ] 0052 + 0.0064
matter density
baryon density . 0.0441
cosmological constant 2a0 0.742

Hubble constant / 0.719

assuming spatial flatness
 |here and below

power-spectrum normalisation |og 0.796
age of the Universe in Gyr 13.69
decoupling redshift 1087.9
reionisation optical depth : 0.087
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spectral index : 0.960




Standard cosmology equations

R, — 59 IR —Ag,, = 87l

el

FRW metric ( )W 02 = i — R2(t)(da? + dy? + d2?)

Perfect fluid at rest T, = (pispi-pi- i)

-

-00 component of

H? — = e = —(pA + pr + i) :
RGBS Hubble constant TSI

-contraction of . energy

conservation

Parametric

within and expanding volume dependence on
N d (V) = — Z n;dV V, , etc.

A




Stabllity of the model

we assign ay, to the Hubble radius 1/ H
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Scale-factor dependence

Asymptotic limit
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Dark energy

component

matter




Supernova data

distance-redshift relation

[ = hl 210 ['_ d L)+ 25




Entropy

The entropy of the gas can be obtained by the
extensivity relation

E=Nu+T71T5-pV

As1T =(0S/0E), , - the equation leads to a partial differential
equation for the entropy whose solution 1s

3/5
3 j\’r:
S=CV*’| E- lvg
2 "V

C being a numerical constant.




From the energy density evolution equation for the condensate

where we assume constant particle number (i.e. an adiabatic
expansion).

The pressure of the interacting Bose gas is




Acceleration with radiation term

The expansion becomes
decelerated:

the interaction term decreases
with the scale factor faster
than the condensate and
radiation terms

eventually the expansion is
dominated by the radiation.



Fluctuation relations

Non-condensate component
Energy fluctuations in a volume




Allowing the interaction
parameter to be much larger
than the initial density of
condensate, predicts p, <<0.
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The range of wavelengths of density
perturbations needed can be obtained if
the Bose gas has an interaction parameter
sufficiently high.

But then, which is the initial amplitude of
the perturbations required?




The Interacting Bose gas gives a natural way of obtaining an
accelerated expansion.

Even with these parameters the acceleration
ends soon.

Present acceleration needs decaying
particle model?

Possibility of inflation-acceleration unified
model



