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Self Force
• Smaller mass does not follow a geodesic of the 

background

• Its mass curves the space-time itself - it 
follows a geodesic of an effective space-time

• 3 main approaches all require subtraction of 
an appropriate singular component from the 
retarded field to leave a finite regular field 
which is solely responsible for self-force.



Self Force
Retarded field satisfies

Given the Detweiler-Whiting Green Function, 

We may define the Detweiler-Whiting singular field, 

The retarded solution to the above equation gives rise to a field which 
gives the self-force, fa = pa

AϕA
(R)



Singular Field
The scalar singular field and self-force are 

The EM singular field and self-force are 

The gravitational singular field and self-force are 
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Singular Field
For coordinate expansion, we introduce the notation

We expand the Synge world function

We use                             to solve for coefficients

Once we know             , we can calculate the Van Vleck Determinant

We can differentiate this easily to obtain 

∆xa = xa − xā, δxa′
= xa′

− xa = xa′
−∆xa − xā



Singular Field
We expand     around the point     .  Representing the worldline in 
terms of proper time gives us

We want to determine the points on the world line that are connected 
by a null geodesic.  That is we want to solve

Writing                                            , this gives us

Use                      to  calculate bivector of parallel transport.



Singular Field - Schwarzschild
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Effective Source
Splitting the retarded field into approximate singular and regularized 
parts ϕA

(ret) = ϕ̃A
(S) + ϕ̃A

(R)

Substituting into the wave equation gives                                      with an 
effective source,

DA
Bϕ̃B

(R) = SA
(eff)

SA
(eff) = DA

Bϕ̃B − 4πQ
∫

uAδ4 (x, z(τ ′)) dτ ′.

Schwarzschild



Effective Source
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Mode Sum

The Schwarzschild metric is now given by the line element      

To obtain expressions which are readily expressed as mode sums, it is 
useful to work in a rotated coordinate frame.  We introduce Riemann 
normal coordinates on the 2-sphere at     , in the form

where sin θ cos φ = cos α

sin θ sinφ = sinα sinβ

cos θ = sinα cos β



Mode Sum
Barack and Ori (2000, 2002) first looked at the multipole 
decomposition of the self-force,      

The   mode contribution at                                 is given by

With particle on the pole,                                         for all               , so

We find the self-force has the form

where  
and 



Mode Sum

As                                                     , it can now be shown that 

Explicitly in our coordinates,                                       takes the form

We use our definition of     to rewrite our       ‘s in an alternate form 

where 



Mode Sum

a

For the higher order terms we can write

where
                                                    
and

We note that                  will simply integrate to 1

a

We note that integrating over     is the same as averaging over the 
angles     , so

Tidy up resulting equations with
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Results - Scalar
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Results - EM
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Results - Gravity
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Future Work

• Eccentric orbits in EM and Gravity Kerr

• Second order Effective Source

• Spheroidal harmonic decomposition into 
spherical harmonics for Kerr

• Radiation gauge

• Kerr gravity????


