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What Is the Influence of the
Gauge Field Theory Vacuum

on the Cosmological Evolution?
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The vacuum energy density
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The contribution of zero-point energy exceed by many orders of
magnitude the observational cosmological upper bound on the
energy density of the universe
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The Effective Lagrangians Heisenberg and Euler 1956
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Contribution of Vacuum Fluctuations to the Cosmological
Constant

Only the difference between vacuum energy in the presence and in the
absence of the external sources has a well defined physical meaning
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1. Effective Lagrangians in QED and YM theory

2. Quantum Energy Momentum Tensor
3. Vacuum Condensate in YM theories

4. Solution of Friedmann Equations in
Gauge Field Theory Vacuum

5. Inflation
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Heisenberg-Euler Effective Lagrangian in QED
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Contribution of Vacuum Fluctuations

Renormalisation of massless Heisenberg-Euler and Yang-Mills
Effective Lagrangians GS 1976
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where F = iGﬁywa is the Lorentz and gauge invariant form of the YM field strength tensor



Heisenberg-Euler Effective Lagrangian

Massless limit of fermions G.S. 2020
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the energy momentum tensor by using the formula derived by Schwinger in [5]:
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In massless QED using the one-loop expression (1.2) for 7),, one can get
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Effective Lagrangian in Yang-Mills theory

The YM eftective Lagrangian take the following form
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Dimensional Transmutation and Condensation
G.S. 1977, 2020
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Quantum Energy Momentum Tensor
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Yang-Mills Quantum Equation of State
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[sotropy of the Yang-Mills Energy Momentum Tensor

1 a 1 a a a 1 a a a a a a a a
Too = 5 (Ef)" + S (HY),  Toi = eijuBfHE, Ty = 50, (B Ef + H{ H{') — E{ B} — H{'HJ.

The ”"white colour” solution
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and the corresponding chromoelectric and chromomagnetic fields take the following form:

Ef =67 f(t), Hf = gd] f*(t).

The energy density therefore is:
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°T would like to thank Prof. Viatcheslav Mukhanov for the discussion of this point.



[sotropy of the Yang-Mills Energy Momentum Tensor
T()i — SZ = EijkE]qH]? = 0. (27)

Thus importantly the space components of 7}, in (23) are diagonal:
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The full energy momentum tensor has the form of a relativistic matter:
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It follows from relations (26), (27) and (28) that the classical Yang Mills equation of state is

equivalent to a homogeneous relativistic matter

p= —€. (30)

As we have seen above there are quantum corrections to the classical equation of the state (30)

given by the first formula in (19)
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Anisotropy of the Abelian Energy Momentum Tensor
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_ Friedmann Evolution Equations
: a
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Equation of State

general parametrisation of the equation of state p = we

when w = —1,p = —€ < 0,

the acceleration is positive:
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Yang-Mills Quantum Equation of State
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general parametrisation of the equation of state p = we



GR Action
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The YM field strength Fis not a constant function of time but evolve in time in accordance
with the Feidmann equations, thus the cosmological term here is time dependent



Friedmann Evolution Equations
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the first equation can be solved for the field strength
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Friedmann Evolution Equations

2¢°F a* = const = Ay, ag,

the energy density and pressure are
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the first Freidmann equation will take the form
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Friedmann Evolution Equations

a(t) =agp a(r), ct=1Lr,
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Polarisation of the YM vacuum and the Effective Lagrangians
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Ay IS the dimensional transmutation scale of YM theory
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the YM vacuum energy density is well defined, is finite and is
time dependent quantity

Eur.Phys.J. C 80 (2020) 165
e-Print: 2109.02162


https://arxiv.org/abs/2109.02162
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Type Il Solution — Initial Acceleration of Finite Duration
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Type Il Solution Initial Acceleration of Finite Duration
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The regime of the exponential growth will continuously transformed into the linear in time growth of

the scale factor*

a(t) ~ ct, a(n) ~ agpe”. (5.87)



Type Il Solution — Effective Parameter w

w(T)
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Evolution of the Field Strength
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Type Il Solution — Initial Acceleration of Finite Duration
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The r.h.s € 4+ 3p of the Friedmann acceleration equation (1.4) always negative



Evolution of Energy Density and Pressure
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Type Il Solution  Deceleration of finite duration

The deceleration parameter of the Type II solution is always negative:
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Hubble Parameter
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Type Il Solution  Density Parameter
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Type Il Solution Initial Acceleration of Finite Duration

The number of e-foldings

typical parameters around 72 = 1.211, 3 ~ 1.75 we get 75 = 10 and N ~53. N = In C;((Tds)).
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The regime of the exponential growth will continuously transformed into the linear in time growth of

the scale factort

a(t) ~ ct, a(n) =~ ape”. (5.87)



The regime of the exponential growth will continuously transformed into the linear in time growth of

the scale factor?

a(t) ~ ct, a(n) >~ ape". (5.87)

At the late stages of the inflation the asymptotic behaviour of the scale factor became linear in time

a(t) ~ ct and corresponds to a flat geometry. The metric
ds* = c2dt* — c*t*(dx? + sin® xd?)

transformation r = ctsinh x , 7 = t cosh x reduce metric to flat metric ds? = c*dr? — (dr? + r?dQ?).



Type IV Solution - Late time Acceleration

The type IV solution is defined in the region v > ~2 where the equation
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Type IV Solution - Late time Acceleration

a(r)
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Primordial Gravitational Waves

The Freidmann equation in the gauge field theory vacuum

gives

and the linear perturbation equation will take the form

9//+9(n2—|—32&12+/€) = 0.

In case of Type II solution with @(0) = us the system avoids a singular behaviour in vicinity n = 0.

The amplification of the primordial gravitational waves is due to the second term when n? < 2/v°u3.
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