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The contribution of zero-point energy exceed by many orders of 
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Heisenberg-Euler Effective Lagrangian in QED 
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Contribution of Vacuum Fluctuations 
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Heisenberg-Euler Effective  Lagrangian

Massless limit of fermions    
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Effective Lagrangian in Yang-Mills theory  

L(1) = −

1

8π
2

⁄
ds

s3
e−iµ2s (gF1s) (gF2s)

sinh(gF1s) sinh(gF2s)
−

−

1

4π
2

⁄
ds

s3
e−iµ2s(gF1s) (gF2s)[

sinh(gF1s)

sinh(gF2s)
+

sinh(gF2s)

sinh(gF1s)
]

F 2
1 = −F − (F2 + G2)1/2, F 2

2 = −F + (F2 + G2)1/2

introduced the infrared regularisation parameter 2. Choosing the integrat

The YM effective Lagrangian take the following form     

Vanyashin and Terentev  1965 

Duff and Ramon-Medrano 1975 

Skalozub 1976

 N.Nielsen and Olesen  1978 

Ambjorn, N.Nielsen and Olesen 1979 

H.Nielsen and Ninomia 1979 

H.Nielsen and Olesen 1979 

Ambjorn and Olesen1980

Bartalin, Matinyan and Savvidy 1976 

Savvidy 1977 

Matinyan and Savvidy 1978



Dimensional Transmutation and Condensation   
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Quantum Energy Momentum Tensor
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Yang-Mills Quantum  Equation of State 
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Isotropy of the Yang-Mills Energy Momentum Tensor
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It follows from relations (26), (27) and (28) that the classical Yang Mills equation of state is
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Isotropy of the Yang-Mills Energy Momentum Tensor
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)

+
(
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Yang-Mills Quantum  Equation of State 
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GR Action   
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Friedmann Evolution Equations  
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Friedmann Evolution Equations  
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Friedmann Evolution Equations  
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Y M is the dimensional transmutation scale of YM theory  
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Polarisation of the YM vacuum and the Effective Lagrangians    
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k = �1, � 2
= � 2

c =
2

p
e

Region III (separatrix, ã  µc)
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Type II Solution —  Initial Acceleration of Finite Duration       
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Type II Solution         Initial Acceleration of Finite Duration   
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e following form:

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

the scale factor‡

a(t) ƒ ct, a(÷) ƒ a0eη. (5.87)



Type II Solution —  Effective Parameter w      
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ã4(τ)

− 1
2 .

2 4 6 8 10 12
τ

-0.3

-0.2

-0.1

0.1

0.2

w(τ)



Evolution of the Field Strength     
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Type II Solution —  Initial Acceleration of Finite Duration       



Evolution of Energy Density and Pressure     
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Type II Solution     Deceleration of finite duration 
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Hubble Parameter  
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Type II Solution     Density Parameter 
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Type II 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) ƒ ct, a(÷) ƒ a0eη. (5.87)
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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
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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) ƒ ct, a(÷) ƒ a0eη. (5.87)
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Type IV Solution -   Late time Acceleration     
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The Freidmann equation in the gauge field theory vacuum
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together with the acceleration equation
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and the linear perturbation equation will take the form
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Primordial Gravitational Waves 

In case of Type II solution with ã(0) = µ2 the system avoids a singular behaviour in vicinity ÷ = 0.

The amplification of the primordial gravitational waves is due to the second term when n2 < 2/“2µ2
2.



Thank You !


