
Constraints on Cosmological constant due to 
Scale invariance 
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Changes in Derivative of fields In Local Scale Invarianceg f f
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So ,we have :,
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Motivation of scale invariant standard 
d lmodel:

1. Scale invariance is one kind of symmetry.
2. A simple local scale invariant Phi-4 theory give the dynamical

fExplanation of dark matter. 
3.  It was shown by authors (a,b)that Scale symmetry is not 

anomalous. 

Scale Invariance removes the constants in usual standard model. 

a: E. Englert ,C. Turffin and R. Gastmans (1976)g ( )
b: R. Kallosh (1975)



Our work:
The action for scale invariant extension of standard model in d dim:

Where  H is Higgs doublet ,  

are SU(3),SU(2),U(1) and Weyl vector fields res.





Constraints on the Cosmological Constant
1. Pure Gauge Fields:



(a) The kinetic energy terms for the vector fields do not contribute to
Cosmological constant. 

(b) Th l li di l QED d QCD fi ld d i(b) The results applies directly to QED and QCD gauge fields and in exact
at all orders in the gauge coupling. Here higher order in gravitational
coupling and Weyl meson coupling f  has not been considered.



2. Mass less Dirac fermions:f

The above result also applies directly if we include gauge interactions of fermions.
We find that we get zero contribution to the cosmological constant from  both
The strong field and electromagnetic interactions as long as we do not include
The mass term for fermions or equivalently Yukawa interactions terms.



3. Pure Higgs fields: gg f

With help of following Einstein Equation



We get:g

Here we find two above equation are consistent with one 
another.



The Scale Invariant Standard ModelThe Scale Invariant Standard Model

considering the full action the equation of motion of scalar field:

Th ti f ti f SU(2) d bl t d i l t f i

……………………………(X)

The equation of motion of SU(2) doublet and singlet fermions:



The energy mom. :The energy mom. :



Simplified energy momentum tensor (using fermion’s equations of motion 
To eliminate the kinetic energy term ) 

Using following Einstein equation and above equation we find equation – (X.)
So the equations are consistent to each other.





Conclusion:Conclusion:

1. There are no contributions of  pure gauge fields and mass less fermions in
Cosmological constant.

2 Cosmological symmetry breaking generate the cosmological constant2.   Cosmological symmetry breaking generate the cosmological constant .
3.   This Symmetry Breaking also generate the masses of massive fields , besides

the Planck mass.



Thank you……………..
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