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Rµν −
1

2
gµνR = −8πGTµν , (1)

Rµν −
1

2
gµνR − λgµν = −8πGTµν , (2)

• 1930 λ : Removed

• 1960 λ again was introduced to describe the dynamical
nature of the universe.
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< Tµν > = − < ρ > gµν (3)

λeffective = λ + 8πG < ρ > (4)

where λeffective is effective cosmological constant.

H0 = 2.133h × 10−42GeV 4
,
|k|
a2
≤ H2

0 , |ρ− < ρ > | ≤
3H2

0

8πG
. (5)

Using FRW metric the Einstein equation gives,

λeffective ≤ H2
0 , (6)

ρv ≤ 10−47GeV 4
, (7)

We get very large value for < ρ > from QCD and electroweak theory.
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Why Scale Invariance?

• We impose scale invariance since it does not permit a
cosmological constant term in action.

• Hence it might impose some constraints on the cosmological
constant in the full quantum theory .

• We construct a theory where scale invariance is broken
spontaneously.

• In this case scale transformations may not be anomalous.
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Global Scale Invariance

φ (x)→ φ′
(
x ′
)

=
1

Λ
φ (x) , (8)

xµ → x ′µ = Λxµ, (9)

Aµ (x)→ A′µ
(
x ′
)

=
1

Λ
Aµ (x) , (10)

L0 =
1

2
gµν

∂φ

∂xµ
∂φ

∂xν
(11)

L0 =
1

Λ4
L0 (12)

S =
1

2

∫
L0|g |1/2d4x → invariant (13)
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Global Scale Transformations in d dimension

Scale Transformation → Pseudo Scale Transformation + General Coordinate Transformation

xµ → xµ, (14)

φ →
φ

Λ
, (15)

gµν →
gµν

Λ(b(d))
, (16)

ψ →
ψ

Λc(d)
(17)

Aµ → Aµ (18)

where, (19)

b (d) =
4

d − 2
, (20)

c (d) =
d − 1

d − 2
(21)
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Theory in d dimension

S =

Z
dd x

p
−g

"
β

8
χ

2R +
1

2
gµν (∂µχ)(∂νχ)−

1

4
λχ

4(χ2)−δ

+ LMatter

#
(22)

where δ = (d − 4)/(d − 2),

R
µ
ναβ

= −∂βΓµνα + ∂αΓ
µ
νβ

+ ΓµγαΓ
γ
νβ
− Γ

µ
γβ

Γγνα,

Rνβ = R
µ
νβµ

, R = Rνβgνβ . (23)

LMatter = gµν (DµH)†(DνH) +
1

2
gµν∂µΦ∂νΦ−

λ1

4
(H†H− λ2Φ2)2(Φ2)−δ

−
1

4
gµνgαβ (Ai

µαA
i
νβ + BµαBνβ + Gj

µαG
j
νβ

)(Φ2)δ + Lfs, (24)

Lfermions =
“

ΨL iγµDµΨL + ΨR iγµDµΨR

”
−
h

g
Y

ΨLHΨR(Φ2)−δ/2 + h.c.
i
, (25)
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The covariant derivative of fermion fields:

DµΨL,R =

„
D̃µ +

1

2
ω

ab
µ σab

«
ΨL,R , (26)

and spin connection can be written as,

ωµab =
1

2
(∂µebν − ∂ν ebµ)e νa −

1

2
(∂µeaν − ∂ν eaµ)e νb −

1

2
e ρa e σb (∂ρecσ − ∂σecρ)ec

µ . (27)
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Dimensionful Parameters

G The Gravitational Constant,
M Masses of particles,
ρ Energy density corresponding to cosmological

constant.

??? In Scale Invariant Theory.
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Cosmological Symmetry Breaking

Φ (x , t) = η (t) + φ (x , t) (28)

All dimension ful parameters are generated by cosmological
symmetry breaking.
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cosmological constant by CCB

βχ2R

8
+

1

2
gµν(∂µχ)(∂νχ)− 1

4
λχ4(χ2)−δ

we expand:

χ = χ0 + χ̂, (29)

• The value of λ can be set by comparing the value of observed
value of cosmological constant.
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Electroweak Scale

VM = −
λ1

4
(H†H− λ2Φ2)2(Φ2)−δ (30)

H†H = λ2Φ2 (31)

We assume that classically,

Φ = Φ0 (32)

where Φ0 is a dimensionful parameter. We denote the classical Higgs field by H0. We may express it as,

H0 =
1
√

2

„
0
v

«
(33)

where v is the electroweak symmetry breaking scale. We shall choose λ2 and Φ0 such that we generate the correct

electroweak scale.
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S =

∫
ddx
√
−g

(
λ

8πG

)
(34)

< 0|Tµ
µ |0 >∝ 4λ (35)

• The value of trace of energy momentum tensor of fields in the
vacuum gives the contribution to cosmological constant for
corresponding fields.

• We do the theory in d dimension with scale invariance so we
preserve the symmetry up to full quantum theory. So, any result
valid for classical field is valid for quantum fields as well.
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Equation of Motions

DµDµH = −
λ1

2
(H†H− λ2Φ2)H(Φ2)−δ − g

Y
Ψ̄RΨL(Φ2)−δ/2 (36)

The scalar field Φ equation of motion is given by,

Φ∂µ∂µΦ = λ1λ2(H†H− λ2Φ2)Φ2(Φ2)−δ +
λ1δ

2
(H†H− λ2Φ2)2(Φ2)−δ

−
δ

2
BαµBαµ(Φ2)δ + δ g

Y

h
ΨLHΨR(Φ2)−δ/2 + h.c.

i
(37)

Finally the equation of motion for the fermion fields may be written as,

iγµDµΨR − g
Y
H†ΨL(Φ2)−δ/2 = 0, (38)

iγµDµΨL − g
Y
HΨR(Φ2)−δ/2 = 0. (39)
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Matter Energy Momentum Tensor

Tαβ = −gαβL + (DαH)†(DβH) + (DβH)†(DαH)

+∂αΦ∂βΦ− gµνBαµBβν (Φ2)δ

+
1

2
Ψ̄L iγαDβΨL +

1

2
Ψ̄R iγαDβΨR +

1

2
Ψ̄L iγβDαΨL +

1

2
Ψ̄R iγβDαΨR

−
1

4
(ψL iγβψL);α −

1

4
(ψL iγαψL);β −

1

4
(ψR iγβψR );α −

1

4
(ψR iγαψR );β (40)
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Result in the Vacuum

< 0|Tµ
µ |0 >

Matter = 0, (41)

• Here we have used the equation of motion of fields.
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Summary and Future Work

• There is no fine tuning problem as we get null contribution from the matter sector.The result is valid for
full quantum theory.

• Electroweak masses are generated by spontaneous symmetry breaking.

• Planck constant and Cosmological constant is generated by cosmological symmetry breaking

• We are extending the theory for local scale invariance.

Pankaj Jain, S. Mitra, S. Panda and Naveen K. Singh Scale Invariance and Cosmological Constant Problem


	Cosmological Constant Problem
	History
	The Problem

	Scale Invariance:Motivations
	Motivation for Scale Invariance
	Scale Invariance?
	Theory in d dimension
	
	Dimensionful Parameters
	Cosmological Symmetry Breaking
	cosmological constant by CCB
	Electroweak Scale

	Our Theory for CCP
	Method
	Equation of Motions
	Matter Energy Momentum Tensor
	Result in the Vacuum

	Conclusion
	Summary and Future Work


