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Scalar Tensor Theory

... the geometrical and inertial properties of space are meaningless

for  an  empty  space,  the  physical  properties of space have their

origin in the matter contained therein ... 




Scalar Tensor Theory
They consider a kind of action with a scalar field non-minimal coupling 

to the Ricci Curvature: 

Geff := G/ϕ

which retains the weak equivalent principle with an effective gravitational

coupling strength



Scalar Tensor Theory
The action in the Jordan frame can be cast into the Einstein frame,

where the scalar field minimally couples to R

with                    and the redefinitions of 
V := A4U

F = A−2

T. Damour and G. Esposito-Farese, Class. Quant. Grav. 9, 2093 (1992)

One can describe GW in the Jordan frame in terms of the scalar field in

the Einstein frame in 1PN ! 

(i.e. assume the coupling function to be                                                 )α :=

d ln A
dφ

= α0 + β0(φ − φ0)



Equivalence of Two Frames
To have the equation of motions of the scalar fields in the Jordan

and the Einstein frame be equivalent

δ
δφ

=
δ

δϕ
dϕ
dφ

implies that one should prevent the Jacobian of scalar fields from vanishing.



Note that this critical value of the scalar field in the Einstein frame is 
independent of the potential !

Equivalence of Two Frames
From the definition of coupling function, one have the relation

α = α0 + β0φ ≠ 0 ⇒ φ ≠ φc := −
α0

β0

The condition                       makes the action possible to be reduced 

to BDBW case. Under this assumption and W.L.O.G. we set              ,

the Jacobian of two scalar fields is non-vanishing iff 

dF/dϕ ≠ 0
φ0 = 0



Simulation Setup

1. Spherically symmetric situation: 


2. Hybrid EoS which is of the form                          and                       , where




Simulation Setup

4.  Consider the action


     where


5.  Simulation parameters are {α0, β0, m, Γ1, Γ2, Γth}
V = 2m2φ2

The EoM of       with                              isφ

•GW detectable inside the LIGO sensitivity window:  m < 10-13 eV


• Strong scalarization and satisfy binary pulsar constraints:  m > 10-15 eV

We fix {m, Γ1, Γ2, Γth} = {10−14,1.3,2.5,1.35}

3. Perfect fluid: 

α = α0 + β0φ

and require 



Results



Results

From which one can define an effective mass of the scalar field 

m2
eff := − 4πGβ0T⋆ + m2 ≈ 4πGβ0ρ + m2

Recall the EoM of the scalar field:

FAR AWAY

(∂2
t − ▿2 +m2

eff)φ = 0

It defines a cutoff, i.e. the modes whose angular frequencies above it will 
propagate outward, but for the others they will exponentially damped out. 



Results

-35 -30 -25 -20 -15 -10 -5

0

-12

-11.5

-11

-10.5

-10

-9.5

-9

-8.5

-8

-7.5

-7

ln
 

0

k = 1  10-5

k = 8  10-6

k = 7  10-6

k = 5  10-6

k = 2.5  10-6

k = 1  10-6

k = 5  10-7

• Consider the sets defined by


• For each there exists a unique

    pair of                  labeling the 

    maximum relevant value of


• Trace out the limit of       continually, 

    one can draw a boundary. 


(α0, β0)
β0

Remark: For different initial data, 
the boundary would be different

β0



Conclusion

• In the first order post newtonian approximation of coupling function, the 
criterion to ensure the scalar field in the Einstein frame has a reflection in the 
Jordan frame manifest itself as a critical value of the scalar field.


• For a specific initial data, the criterion induce a inviable region on the 
parameter space of ST theory in 1PN.


• Using the parameters in the relevant area of the parameter space, the results 
of the simulation show that the generic inverse-chirp signal of GWs.




Thank you for your 
attention!


