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Introduction
Coalescing Compact Binaries

Inspiralling phase

weak gravity(but strong internal gravity)

cvorb <<

small tidal effect

Post-Newton

approximation

Merging phase Numerical Relativity

Ringdown phase BH Perturbation



Brief History of pN equation of motion
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Ambiguities of 3pN
Blanchet and Faye

4 parameters associated with the use of singular source 

2 gauged away and 1 determined by requiring energy 
conservation

1 parameter        remainλ

Jaranowski and Schafer

2 unknown parameters                                              
also associated with the use of singular source

Damour, Jaranowski and Schafer
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Poincare Invariance

Equivalence between two approches



Our approach

• No use of singular source
regular source
systematic introduction of multipole moments

• Strong internal gravity
strong field point particle limit 
EIH type approach

• No assumption of regularized geodesic equation
use of only local conservation law



Formulation
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Equation of motion in the surface 
integral form

Equation of motion in terms of surface integral 

and strong field point particle limit

Basic equation



Equation of motion in the surface integral form
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Momentum-velocity relation
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General form of equation of motion
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Strong field point particle limit

tετ = : Newtonian dynamical time
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Nearly Newtonian orbit
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Body zone

Contribution from the body A at the body zone boundary can be 
estimated by the far zone expansion( multipole expansion)



Scaling and ordering
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(n-1)- pN EOM and field h
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Newtonian order
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Up to 2.5 pN order we can find appropriate 
super potential to calculate near zone field
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3pN EOM
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Problem:

All of necessary super potential can not be    
obtained 



We only need surface integral at body zone boundary
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Evaluate surface integral directly

Expand the field around the boundary
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3pN mass-energy relation



3pN momentum-velocity relation
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Logarithmic dependence of 3pN EOM
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If we choose
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Then the correspond acceleration cancel the logarithmic 
dependence of 3pN EOM
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Our equation has no ambiguous parameters, 
admits automatically conservation of an 
orbital energy of the binary system and 
gives  a correct geodesic equation in the test 
particle limit, is Lorentz invariant.
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Is 4pN calculation possible?

We do not have explicit expression 
for 3 pN field in near zone

~100,000 terms in 3pN order

~10,000,000 terms in 4pN order

NO, because

New approximation scheme??


