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Motivation: BH-PT overlap



Motivation: Transition to Kerr

• Previous works of the UNC Gravity Group involve orbits in Schwarzschild

• Forseth/Evans/Hopper: 7 PN, .

• Munna/Evans/Hopper/Forseth: 8.5 PN, .

• Munna/Evans (2019): select  coefficients, AO in .

• Munna (2020): 19 PN, , .

• Munna/Evans (2020): select coefficients, AO and CF in .

• Munna/Evans (2022): redshift invariant

• Munna/Evans (2022): spin-precession invariant

• Munna/Evans/Forseth (2023): tidal-heating 
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Motivation: A Parallel Approach

• Motivated by developing a track parallel to analytic calculations involving 
 Teukolsky functions.


• Initially used to compare quantities calculated using the  Teukolsky 
functions


• Flexibility in calculations, as some calculations may prefer a specific 
Teukolsky function.
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Motivation: Practicality

• When using  Teukolsky functions, Starobinsky transformations are 
used to generate the  Teukolsky functions.


• Fine for numerical calculations.


• Runs into issues with practicality when dealing with very high order 
analytical expansion.


• For applications where only  functions are needed, going the  
route may take far longer than needed.
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Motivation: Goals

• Develop a procedure to efficiently expand the  Teukolsky functions


• Calculate quantities using the  Teukolsky functions


• Infinity-side and horizon-side fluxes are the easiest quantities to calculate.
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Methods: Teukolsky Functions from MST* 
• Represented as hypergeometric functions (Mano, Suzuki, Takasugi (1996)):


• Expansion procedure flows as: .


• Forms as written are not suitable for expansion.



Methods: Recasting the Teukolsky functions
• Recast the Teukolsky functions using hypergeometric identities 





• The Teukolsky functions are recasted in the following form




Methods: Teukolsky Sub-functions 

• We then end up expanding the following functions





• In an analytic expansion, truncation rules depend on the leading order 
contribution, a truth table of leading order contribution necessary



Methods: Truth tables for s = + 2
• Leading-order power of 





• Leading-order power of 
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Results: Infinity-side Fluxes
• For eccentric-equatorial orbits, the infinity-side fluxes have the following structure


 


• In the case of Kerr, the coefficients have additional structure





• Expanded to 7PN and .e20



Results: Sample Coefficients
• We present select coefficients for the infinity-side fluxes







Results: Horizon-side Fluxes
• Horizon-side fluxes have their own structure 





• Red coefficients survive as  (Munna, Evans, Forseth (2023))


• Same additional structure present





• Expanded to 6PN and 

a → 0
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Results: Sample Coefficients
• We present select coefficients for the horizon-side fluxes:










Summary

• A procedure for expanding the  Teukolsky functions was developed.


• Expanded infinity-side fluxes up to 7PN and .


• Expanded horizon-side fluxes up to 6PN and .


• Extend calculation to…


• Conservative quantities


• Spherical inclined orbits
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