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Introduction and Motivation

» Linearised Einstein field equation
Elh)=8nT

» Instead, often solve scalar field equations for invariant master
variables, but sometimes we need full A

» Teukolsky reconstruction formalism is elegant

» RWYZ reconstruction is opaque
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RWZ equations

» Scalar wave equations
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» Gauge invariant master functions
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RWYZ reconstruction in literature
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Vacuum reconstruction: Teukolsky (CCK)
» Operator identity (Wald)

Oy =S
— OT1n = S&[n]
— 0T =8¢
» For Hertz potential ®, if
O'd =0
then solution to £[h] =0 is
hag = RS ;0

» Circularity condition
Yo =TSTd

5/12



RW equation in 4D

» Some formulations in math literature

» Choose to write manifold = 2% 52
M=M
a=t,r A=0,¢p

ov=3S,S

where O := (O + i—@”) and

W= S0 D+ D 2 (8 ) Yin(6,6) = O[]

Im

S = 30— 1)U+ 1)(€ +2) - SLy (8 7) Vim(0, 6) = [T]

Im

» Note: Of = O
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Odd-parity: vacuum

» Circularity condition from W = W[

v="0STo
= —8(r’D?0 - D)o
= 8D

» Purely angular relation, where
D := D*(D? +2)
» Reconstruct metric from h = ST

h,g = —4eabeBADAVb(r2d>)
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Odd-parity: operator symmetries

» Operator relations

~ 1 A 1 A
Ut = §r_25T(r2~

very useful

» Odd-parity analogous with electromagnetic (s = 1)
perturbations in Kerr
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Odd-parity: nonvacuum

» Reconstructed metric includes corrector tensor (GHZ)
haﬁ = Slﬂd) + Xap
» Circularity condition and Einstein equation

W = 8D — 8r2D%Sy + Wx
8rT = UtSy + Ex

» Freedom to demand V = 8D®, now have
8r2D2%Se = Wx
1Aara
D(8rT) = é\uTS(fm T) + DEx
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Odd-parity: nonvacuum (continued)

» Conditions on x
Ux = 8r2D?S,

DEx =D(B8rT) — =Wi§(8xT)

1
8
> Satisfied by any solution to

(D? 4+ 1)x,5 = 167(r* Tag + f5)

» Solution for x,p is unique up to a ker[D? +1]; an £ = 1 vector
harmonic
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Summary

» Solved: Odd-parity vacuum and non-vacuum

> Next steps: ldeas and progress on even-parity
P> Next steps: Further analogy with Teukolsky reconstruction
> Bridge between mathematics and GW physics communities
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Conclusions

» Operator algebraic formulation

» provides geometric insight
» clarifies structure
» helps facilitate general derivations

» Foundation could enable extensions

» to studies in modified gravity theories
» to 2nd order GSF

Thank you
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