
How can we evaluate dQ/dt ?

Radiation reaction to the Carter constant
Schwarzschild “constants of motion” E, Li ⇔ Killing vector

Conserved current for GW corresponding to Killing vector exists.  

gwE E= −

Kerr conserved quantities E, Lz ⇔ Killing vector

×

In total, conservation law holds.
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5. Adiabatic approximation to radiation reaction

Q ⇔ Killing vector



At lowest order, the trajectory is given by a 
geodesic specified by E, Lz, Q (Carter const.).

Backreaction to E, Lz, Q can be evaluated by 
using radiative field rather than R field.
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Adiabatic approximation

T: orbital period, τRR : timescale of radiation reaction

T << τRR
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For E and Lz the results are consistent with the balance 
argument. (shown by Gal’tsov ‘82)

For Q, it was proved that the use of the radiative field gives 
the correct long time average. (shown by Mino ‘03)

Key: under the transformation

every geodesic is transformed into itself.
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•Radiative field does not have divergence at the 
location of the particle.



Constants of motion for geodesics in Kerr

← definition of Killing tensor



dQ/dt formula

• Self-force f a is explicitly expressed in terms of hμν as
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Introducing          which coincides with      in the limit x→z(τ)( )u xμ uμ

expression as simple as dE/dt by the balance argument?∃



Similarity between expressions for dE/dt and dQ/dt

• Energy loss can be also evaluated from the self-force.

• Formula obtained by the energy balance argument:

• dQ/dt has a similar formula
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Final expression for dQ/dt
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This expression is as easy to evaluate as dE/dt and dL/dt.

Analytic evaluation of dE/dt, dL/dt and dQ/dt
for generic orbits has been done (Ganz et al., in prep.)
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Summary

• BH perturbation is a useful tool to investigate EMRI.
• For Schwarzschild BH, the metric perturbation can be 

solved by RWZ formalism.
• For Kerr BH, there exists no metric perturbation theory, 

but NP-formalism can be used to solve the Weyl 
curvature perturbation.

• QNMs dominates GW at late times.
• MiSaTaQuWa force describes local gravitational reaction 

to an orbiting particle.
• Under adiabatic approximation, rate of change of energy, 

angular momentum and Carter constant can be 
evaluated by GW amplitudes at infinity and horizon.
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