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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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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, 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 G.S. 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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The YM effective Lagrangian and of the Energy momentum tensor
and
the Renormalisation group

The YM effective Energy Momentum Tensor has the following form:
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Quantum Energy Momentum Tensor in RG :
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Alternative Renormalisation group approach
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Quantum Energy Momentum Tensor
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Yang-Mills Quantum Equation of State
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_ Friedmann Evolution Equations
: a
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Equation of State

general parametrisation of the equation of state p = we

whenw = —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

a(t) =agp a(r), ct=1Lr,
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Type Il Solution — Initial Acceleration of Finite Duration

da 1 1 L\?2
R _ _ _ 2 — 2 _ (=
dT—i\/&Q(log&4 1) = k72, k=041, v _(ao).
it = pde”,  belo,00,
db 2 2yl 1/2
E—N—%e (b2 (62—1)—1)
=2 (- ) 0?2 2 ades
M2 72 — 2\/57 ~ 7 <\/Ean a = U9



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*
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Type Il Solution — Effective Parameter w

w(T)
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Evolution of Energy Density and Pressure
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Hubble Parameter
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Polarisation of the YM vacuum and the Effective Lagrangians
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the YM vacuum energy density is well defined, is finite and is
time dependent quantity
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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
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