Interacting Majorana Fermions and Cosmic
Acceleration

G. J. Stephenson Jr. (UNM)
with

B. H. J. McKellar (Melbourne), T. Goldman
(LANL), and P. M. Alsing (UNM)



A system of fermions interacting through scalar
exchange, like a nucleus, exhibits negative
pressure when perturbed to densities less than
the equilibrium density. This preliminary study,
using an adiabatic approximation, asks if there
are parameter ranges that could be compati-
ble with cosmic acceleration. We argue that
the answer is affirmative.



Any fermion, Majorana or Dirac, with vac-
uum mass mg, interacting with coupling g
with a scalar field with mass mg, develops an
effective mass

m* =mg — L5 () (1)
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Using scaled variables y 2_ Qmo’ TF = g
ep = \/x% +y2 and Kg = 7{2”;13, this becomes
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epzr — 1y In (eF_I_xF) (2)
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Define < e > as the total energy per fermion,
including scalar field energy.
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Scaled Total Energy and Effective Mass
vsx_ for K = 3.35, 10, 100, 1000, 10000
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The acceleration of the time evolution of the
scale parameter is given by the Friedmann
Equation

a 4G

= (p+3P) + 2 (3)
where the energy density p and pressure P
refer to the matter being considered and A
IS the cosmological constant. The Equation
of State relates p and P through

P = wp (4)



For the system under consideration,

10<e>
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lepKord —3(2—y)(1 —y)
3 epKoz 4+ (2 —y)(1 —y)

w =

(5)



W vs. In(x;)
for 11 values of Ko
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T he figure suggests scaling for large enough
Ko and this can be shown with the use of
analytic expansions. w becomes, to a very
good approximation, w(§¢) where

¢ = Koo} (6)
Empirically, the location of the minimum of
W, TEmin 1S diven by

1
L Emin — (3'83/KO)3 (7)
and the minimum of w is



To compare the model acceleration for a
given value of Ky, including the ACDM es-
timate of the total matter density and ig-
noring radiation, we need to set the relation
between z and xp. We do that by choosing
the value of zp corresponding to Z = .755,
where the acceleration goes through 0. The
most obvious choice would be to use xp -
However, consider the example of Ky = 10°7.
Since w remains very close to its minimum
for a range of zp, we could choose a larger
value of xzp or, equivalently, set zp,;n tO
correspond to a smaller value of z.
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(Ua)d“a/dt” (2.9461x10 ° s7)
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Scale Acceleration vs. z

for w=min at 6 values of zand ACDM
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W VS. Z

for w =min at 6 valuesof z
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(Ua)d“a/dt” (2.9461x10 ° 7))
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Scale Acceleration vs. z

for w=min at 6 values of zand ACDM
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To connect with reality, we need to know the
density required at some value of z. Without
a separate fitting of the model to data we
have taken the energy density to be equal to
that deduced for dark energy in the ACDM
model, ppp = (2.4meV)*. A good approxi-
mation in this model is

(9)
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Look at two examples, mg = 160meV, 160GeV .

mog = 160meV

Ko = 10°

p = 33 x103(cm)3 (10)
mg = 160GeV
Ko = 10°%

p = 33x10 2(ecm)3 (11)

where the densities hold at z = .75.
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xp x (14 2) implies that, as z becomes large
for any mg, w — % appropriate to a rela-
tivistic gas of fermions. The number density
of light, active neutrinos today is about 110
per (¢m)3 per spin per flavor. That becomes
about 185 at z = .75. Therefore BBN effec-
tively rules out that example. Larger masses,
however, will have too small a number den-

sity to affect BBN and are not constrained.
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CONCLUSIONS

1) Neutral Majorana fermions, interacting with
a very light scalar, could lead to 2 > 0 for a
wide range of vacuum masses mg and strength
parameter Kj

2) % exhibits small differences as a function
of these variables for z > 1. Such differences
vanish as z increases and have no effect on
Big Bang Nucleosynthesis.

3) Within the adiabatic approximation this
system can give the same z-dependance as
NC' DM over a large range of z.
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An Open Question

How well do these conclusions survive a full
time dependent study? In particular, the
long run in z of w ~ —1 implies a long pe-
riod when the system is smoothly departing
from its equilibrium density. This is not sta-
ble. If the system breaks up into smaller
systems with densities near the equilibrium
density the effect in the Friedmann Equation
will be to add more matter and the apparent
tracking with ACDM will be destroyed.
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