
Easy way of regularization?

Takahiro Tanaka (Kyoto-u)

in colaboration with

Hikida, Jhingan, Nakano, Sago, Sasaki 



6/25/2003 Sixth Capra Meeting in Kyoto 2

Self force in curved space
DeWitt & Breme　(1960) ,Mino et al. (1997), 
Quinn & Wald(1999), Detweiler & Whiting (2003)
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Regularized self-force is determined by R-part 
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Since we don’t know the way of direct 
construction of R-part, we compute 

Both terms on the r.h.s. diverge⇒regularization is needed

Mode sum regularization
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Coincidence limit is taken before summation over {
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Decompostion into { mode
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can be expanded in terms of
・S-part is determined by local expansion near the particle. 

S-part
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ξ : spatial distance between x and z
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・Mode decomposition formulae
(Barack and Ori (’02), Mino Nakano & Sasaki (’02))
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Solving full part

0=ψL

Once homogeneous equation is solved, 
Green function method is applicable to calculate full part.
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Spherical(Spheroidal) 
harmonics expansion 
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Master equation for BH perturbations

Regge-Wheeler eq. or
Teukolsky eq.
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Green function method

Green function

Radial part of Green function
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Problem 

Time 
domain

Frequency 
domain
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S-part

Harmonic 
expansion
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full-part

?

Now, problem is remaining in the full-part !

As a simple example we discuss scalar charged 
particle in Schwarzshild spacetime. 
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Systematic method of solving the radial functions
(Mano-Takasugi-Suzuki)

Expansion in terms of Coulomb wave fn.

ν: eigenvalue (determined later)

determines ν 
and 

Problem is reduced to solving 3 terms recursion eq.
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New decomposition of full-part 
Essence of the new method 

Post-Newtonian expansion

No log ω 
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O(v 6{)

O(v 4{−1)O(v 2{+1)
○ finite { - sum ⇒ regular
○ no step function ⇒ homogeneous solution
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Our strategy 

Time 
domain

Frequency 
domain
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S-part

Harmonic 
expansion

full-part

Regularized force up to n -PN
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S-part in time domain 
～

Since there is no logω, ω –integral is easy



6/25/2003 Sixth Capra Meeting in Kyoto 13

Result for S-S part 
～

Here we assume geodesic motion to eliminate higher derivatives. 
After lengthy calculation, we have

….
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Conclusion

• S-R decomposition was proposed.

• Expression for the singular S-part force in 
time domain is calculable for general orbits. 

• The remaining R-part is truncated at finite {.
• (S-S)-part was explicitly computed for a 

scalar charged particle in Schwarzshild
spacetime.

Regularized force up to n -PN

～ ～

～

～

～


