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Brans-Dicke TheoryBrans Dicke Theory
For a FRW universe filled with perfect fluid,
the gravitational field equations are
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Our AssumptionOur Assumption

• Flat FRW Universe• Flat FRW Universe
• Filled with dust and dark energy
• BD field varies with time as a power• BD field varies with time as a power 

law of scale factor. i.e.
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The gravitational field equation becomesg q
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The wave equation for scalar field isThe wave equation for scalar field is
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The energy conservation equation becomes
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Dark Energy ModelDark Energy Model

• Holographic PrincipleHolographic Principle

2223 −= LMcρ (6)

• Hubble horizon as IR cutoff

3= LMc Pxρ (6)

• Hubble horizon as IR cutoff

(7)2223 HMc=ρ (7)3 HMc Px =ρ
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• Interaction of matter and dark energygy
Energy conservation equation becomes

QH+ ρρ 3&
(8)

( ) QH −=++ ραρ 13&

QH mm =+ ρρ 3

where with is the interaction rateQ ρΓ= 0>Γ

( ) QH xx =++ ραρ 13

where             with          is the interaction rate

and is the equation of state parameter

xQ ρΓ 0>Γ

xpα=and             is the equation of state parameter 
of the dark energy                      xρ

α
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Equations (1) and (2) gives
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Using equations (7), (10) and first equation of 
(8) we get(8), we get

⎥
⎤

⎢
⎡ +−−Γ

=
rnHHr )1(3ρρ& (11)

C i ti (11) ith d ti

⎥⎦⎢⎣
=

rxx ρρ (11)

Comparing equation (11) with second equation 
of (8), we find
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Different forms ofα
1.                      (13)⎟
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Dark energy density parameterDark energy density parameter

It is defined as withx
x
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Estimation of ΓEstimation of 
For           equation (17) gives 
Present observation tells for

0≈t 0≈Ωx
Present observation tells for

,1014 9
0 yrtt ×== 7.0≈Ω

We estimate

,10140 yrtt × 7.0Ω x

(18)0
111 7.0)(105 Hyr ×≈×≈Γ −− ( )07.0)(105 HyrΓ
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for different eraΩ for different era
• For radiation dominated era(                 )

xΩ
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Observational ConstraintsObservational Constraints

• LSS ConstraintLSS Constraint
For ,31 << z 5.0<Ω x

our calculation gives 34.0<Ωx

• BBN Constraint
For 21.0<Ωx,1010=z

our calculation gives

x

23.0<Ωx
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Present value of andα ΩPresent value of    and
For we finds

α xΩ

011=β 79.00 −=αFor              we finds 

experimental value is

01.1β 79.00α

72.00 −≤αexperimental value is 

For equation (17) gives0=z

72.00 ≤α

For           equation (17) gives 0=z

100 =Ω+Ω 1=Ω+Ω mx
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Deceleration parameter
Equations (1), (3) and (7) gives
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T iti d hift i
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320Transition redshift is          
experimental value is 

32.0~0=qz
5.0~0=qz
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Coincidence ProblemCoincidence Problem

From equation (8) one can getFrom equation (8), one can get
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ConclusionsConclusions

• Addresses Present AccelerationAddresses Present Acceleration
• Satisfies LSS and BBN constraints

A ith i t l l f• Agrees with experimental values of 
equation of state parameter of dark 

d T iti d hiftenergy and Transition redshift
• Softens Coincidence Problem  
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