
Daemon Decay and Cosmic Inflation

Emil M. Prodanov

Dublin Institute of Technology



Emil M. Prodanov, Daemon Decay and Inflation,
Physics Letters B 681, 214-219 (2009)
arXiv:0910.1769 [hep-th]

Emil M. Prodanov, Rossen I. Ivanov, and V.G.
Gueorguiev, Reissner-Nordström Expansion,
Astroparticle Physics 27,150-154 (2007)
hep-th/0703005

Emil M. Prodanov, Rossen I. Ivanov, and V.G.
Gueorguiev, Equation of State for a van der Waals
Universe during Reissner-Nordström Expansion,
JHEP 0806:060 (2008)
arXiv:0806.0076 [hep-th]



DAEMONS – Dark Electric Matter Objects
(Drobyshevsky et al., Ioffe Physical-Technical
Institute, Russian Academy of Sciences)



Hawking’s arguments:





…



The inflation is followed by a period of reheating
phases and has a graceful exit into a mechanism of
expansion of a radiation-dominated Universe.

The inflation mechanism is based on the accumulative
effects of Coulomb repulsion at very short range,
initially completely “cocooned” by purely general-
relativistic Reissner–Nordström gravitational effects
of naked singularities and subsequently unleashed by
quantum tunneling.

Tracing the evolution of such objects, a mechanism
accounting for the cosmic inflation is proposed.





The Kerr–Newman metric in Boyer–Lindquist
coordinates and geometrized units is given by:

where:



The motion of a particle of mass m and charge q in
gravitational and electromagnetic fields is governed
by the Lagrangian:

Where λ – proper time τ  per unit mass m: λ = τ /m,
and A – the vector electromagnetic potential,
determined by the charge Q and specific angular
momentum a  of the centre:



The equations of motion for the particle are:

where:
– conserved energy of the particle
– conserved projection of the
particle’s angular momentum on
the axis of the centre’s rotation



K is another conserved quantity given by:

with − the θ-component
of the particle’s
four-momentum.

We consider the radial motion of a particle in
Reissner–Nordström geometry with |Q| > M:



The radial motion of an ultra-relativistic test particle
of m and charge q in Reissner–Nordström geometry
can be modeled by an effective one-dimensional
motion of a particle in non-relativistic mechanics with
the following equation of motion:

where                   is the specific energy of the
effective one-dimensional motion,! 

is the specific energy of the three-dimensional
relativistic motion and the effective non-relativistic
one-dimensional potential per unit mass is:



Thus the radial coordinate of the test particle must
necessarily be outside the region (r_ , r+) where the
turning radii are given by:

 Motion is possible only if – non-negative.



Trapped particles tunnel quantum-mechanically
through the classically forbidden region between the
two turning radii r_  and  r+

Schrödinger equation in the effective potential:

where:

Potential           in quantum mechanics is pathological
– no bound states (E < 0) and no well-defined
vacuum. We are interested in the continuum of
scattering states (E > 0) only.



Following the analogy with the Gamow theory of
alpha-decay, the Wentzel–Kramers–Brillouin (WKB)
approximated wave function is:

where:                     and

The amplitude of the transmitted wave, relative to the
amplitude of the incident wave, is diminished by the
factor       , where:



The tunneling probability P  is proportional to the
Gamow factor               .

Upon integration:

With the drop of the temperature (when    starts
falling from        to 1) the inner turning radius
tends to a finite value, while the outer turning radius
.         tends to     . The width of the forbidden
classical region,                 , also tends to      in the
limit           1.



As a function of       and     , the width                     .
of the classically forbidden region initially drops with
the drop of the temperature and then rapidly increases
to infinity.



As a function of       and     , the tunneling probability
P initially increases rapidly and consequently falls off
to zero.

In the very early Universe, at extremely high
temperatures (regime            ), the two turning radii
are approximated by                                    and       is
not temperature-sensitive:



The tunneling rate in alpha-decay is given by the
Gamow factor multiplied by           , where      is the
particle’s speed and       is the radius of the nucleus.

For an ejectile to be recaptured, it has to oscillate
between two daemons charged identically. The rate of
recapture is proportional to           and diminishes very
rapidly (as fast as the barrier widens). We neglect the
process of recapture.
Over dimensionless time dt, the charge of the daemon
will decrease by the amount d|Q| which is
proportional to –Pdt. Thus, in the very early
Universe, |Q(t)| ~ ln (C – t) and P(t) ~ 1/(C – t),
where C = const.



In alpha-decay, the daughter nucleus recoils after the
emission. The ejectile’s kinetic energy E prior to the
emission, is diminished by the recoil energy after the
emission:

where m and M are the masses of the ejectile and the
daughter daemon, respectively.

If      is the total kinetic energy of all particles inside
the daemon, the kth ejectile will have energy

where k(t) is the number of particles emitted after
dimensionless time t.



The charge inside a daemon decreases in time from its
initial value Q0 as Q(t) = Q0 – k(t) q.

Thus
where C = const.

The energy of the outer fraction is therefore:

The temperature drops at least as the square root of E

The outer turning radius r+ (which is inversely
proportional to the temperature) has an accelerated
increase with time.



The scale factor of the Univrse, a(t) (which is
proportional to the outer turning radius r+) has an
accelerated increase with time and positive second
derivative. Thus we have power law inflation.
The graceful exit of the inflation occurs when the
width of the barrier,

grows large enough so that quantum tunneling is
naturally switched off.
This happens before daemons become fully depleted
– when the temperature T drops sufficiently low and
the second term in     takes over:

! 
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As the probability for tunneling is brought down very
rapidly towards 0 and particles are no longer ejected
by the daemons, the medium outside the daemons is
no longer cooled by the tunneling process.

Without quantum tunneling, the charges of the
daemons remain practically constant.
However, the temperature of the outside fraction of
the Universe  continues to drop after the rapid
accelerated expansion, as a different expansion
mechanism (Reissner–Nordström expansion
mechanism) has naturally taken over.
With constant charges of the daemons, the Universe
continues to cool:                    and expand:



This is the start of the radiation-dominated epoch and
also the beginning of a supercooling phase.
At the end of the inflation, the daemons are still much
hotter than the outside fraction of the Universe.
A daemon will now cool not through quantum
tunneling, but through interaction with the particles of
oppositely charged daemons, which, in turn interact
with the particles outside the original daemon. In
view of the low densities, this does not happen as fast
as the Universe expands. Eventually, the temperature
of the daemons and the temperature of the “free”
fraction of the Universe will equalize and, in result,
the Universe will have reheated, but not enough to
reignite the inflation.



During the reheating, the scale factor a(t) of the
Universe does not decrease as there is no mechanism
to draw particles, blown away by the growth of the
daemons' outer radii, back towards the daemons.

The Universe then enters another supercooling phase
followed by another reheating. This process is
repeated until daemons cool down to the temperature
of the surrounding fraction and cannot re-ignite futher
reheatings.
After this, the temperature drop will simply follow

and the expansion will be at the rate of




