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Capra 2007: Where were we?
(or, if you like, Capra 2008: Where are we?)

Lior Burko
UAHuntsvillePercise, yet useless answers:

2007: We werein Huntsville

2008: We are in Orléans
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• Analytical methods
– Post Newtonian (EIH, Schäfer, Whiting)
– Local neighborhood (Flanagan, Wiseman)
– Adiabatic

• Assume:

describes orbital evolution

– Two time-scale / post-adiabatic (Flanagan, Price, 
Poisson)

• Numerical methods
– Weyl scalars
– Metric perturbations

• Frequency domain
• Time domain
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Metric Perturbations
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Adiabatic waveforms

• Waveforms built by invoking the two time scales

• Assume describes orbital evolution
• Short-time motion is a geodesic of the background
• Can use fluxes (and average change of Q)
• All applications to date were pure dissipative, 

ignoring conservative effects
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Adiabatic waveforms: Frequency domain
• Frequency domain waveforms in Schwarzschild and Kerr

(Hughes, Drasco)
Mature approach, can in principle do any orbit:
Solve the Teukolsky equation for using mode 
decomposition

next, 
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Hughes (2001):

Adiabatic waveforms: Frequency domain
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• Traditionally suffering from poor accuracy
• Current accuracy comparable to frequency domain

• Equatorial orbits (LMB and Khanna, 2007):

Adiabatic waveforms: Time domain
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Adiabatic waveforms: Time domain

• Generic orbits (Sundrarajan, Khana, Hughes, Drasco, 2008):
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Adiabatic waveforms: Time domain
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Adiabatic waveforms: Frequency vs. Time domain

• Inclusion of dissipation of the orbit in the time domain is still work 
in progress

• Which method should EMRI waveforms be calculated with?

Barton, Lazar, Kennefick, Khanna, LMB, 2008:
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Metric Perturbations

• Frequency domain: using Mode-Sum Regularization
– Important test cases (useful for comparisons)
– Schwarzschild scalar charge circular orbits (LMB; 

Detweiler, Messaritaki & Whiting)
– Schwarzschild gravitational SF circular orbits 

(Barack & Sago)
• Time domain: “m regularization”

– Schwarzschild scalar charge circular orbit (Barack 
& Goulburn)

– Schwarzschild gravitational SF circular orbit 
(Lackeos, Barack, Khanna & LMB, in progress)
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Gauge problem

Given the SF, how is it to be used?

In what gauge is the SF to be written?

Detweiler (2008): Even in Newtonian gravity the SF is 
ambiguous
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Gauge problem
• Attempts to backreact on the orbit with the SF were made in 

some very simple cases:
– Quasi-circular Schwarzschild orbits w/ scalar field SF (LMB, 

2003)
– Quasi-circular Schwarzschild orbits w/ PN gravitational SF 

and spin-orbit coupling (LMB, 2004): In what gauge is the 
orbit calculated?

Focus on gauge-independent quantities: the waveform
• Barack and Ori (2001): “The meaningful description of the 

gravitational self force must include both and the metric 
perturbations .”

• Detweiler (2008): “The value in calculating the self force, in any 
particular gauge, is to apply it to a question whose answer is 
related to some physical observable. And a physical observable 
ought to be independent of the gauge choice.”
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Gauge problem

A way to avoid this problem: Instead (or in addition) of a self 
force, find geodesic motion in a perturbed metric

One still needs to calculate in some gauge. Which one? 

Credit: L. Barack

RW gaugeRadiation gaugeLorenz gauge
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Post-adiabatic expansion: test case
(Quasi-circular Schwarzschild orbits)

The EOM are described in full by and

We write the EOM with unknown                  :

which we can solve perturbatively 
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Need for second-order self forces

• Talks by Poisson and by Pound; Rosenthal; Flanagan
• For quasi-circular Schwarzschild orbits (LMB, 2003):
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Two timescale / post-adiabatic expansion

• Use the two different time scales:
• Expand the equation of motion:

• Action-angle variables and adiabatic invariants
• Hinderer and Flanagan (2008): applied for Kerr orbits 
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Weyl scalars

• Metric reconstruction
• Treatment of the source: Detweiler-Whiting approach
• Non-radiative modes
• Kinnersley tetrad
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