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Abstract: | outline an algorithm for obtaining the first order metric perturbation solving the linearized Einstein equations sourced by a point massin
(a) ano-string gauge and (b) the Lorentz gauge via a variant of the Teukolsky formalism. The aim is to suitably combine the attractive features of
this formalism with the milder singularity structure and better localization properties of the solutions in the latter gauges. This part of our work is
intended as a starting point for the second order self force problem and relies in an essential way on the recently introduced corrector formalism by
Green, Hollands and Zimmerman.
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15t & 2"? order self-force calculations: effective handling of linear EE:

ghab = Tab

Metric reconstruction [chrzanowski, 75], [Cohen, Kegeles, 74], [Ori 03]
Teukolsky formalism — CCK, Ori
String-like singularity!

Does not decay fast enough!

Solution invalid inside source!

e string singularity <— sphere singularity

e No-string gauge in distributed source = puncture scheme v
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Our work

Improvements

® GHZ (: “Corrector”) method [Green, Hollands, Zimmerman 19]. —» hab inside source

e Suitable gauges — no string singularity, better decay [us, 21

e No-string gauge [us 21) <— this tall
e Lorentz gauge

<, and/or
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GHP & Held

=
GH P W [Geroch, Held, Penrose, 73]

e Adapted null tetrad /¢, n?, m? and m?
e Adapted covariant directional derivatives b, b’, & and &'

e Weyl components V;, optical scalars 7, p, 7/, p'.

@ IFrame and coordina L - nvarian t

Held @ [Held, 74]

i

e “‘r’-independent Weyl-components, optical scalars, directional
derivatives

17

Indicated by “o" or “~
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G H Z [Green, Hollands, Zimmerman 19]

< Metric reconstruction: hyp = 2 ReSZbQD where OT® =0 — hy
solution to homogeneous EE.

= Does not work for generic source!

GHZ method:

i. Integrate ODEs along 17 — Xmm, Xnm: Xnn-
ii. Solve O =8T — .
iii. p*® = —2¢p — .

iv. hap = Xap +2Re S, ®.

v. Solution valid inside source!

e For example:

25 (L |2
pb(ﬁ’b p

e The step ii. and iii. € CCK/Ori.
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The corrector potential outside the source

e |In vacuum, _
I 0] p p O i

Xmm=a" | =+ = | +b°(p+p),

pop |

=%
(p+p)

p 7°3° 4+ pOb° + (p+ p)° 7°b° +

Xnm = P°0a° +
+p(p+p)e’,

Xnn_.---

e For point source,

1
= Efer;]dup,

(1 1
1
= z — + = | Judup,
8'/ (p% pf,) ’
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Disadvantages

e h,p has string-like singularity in the shadow of the source. (pound, Meriin,

Barack, 14, Green, Hollands, Zimmerman, 19] :

e Linear divergence as r — oc.
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No-string gauge

Resolution

Avoid disadvantage by gauge change h,, — hap — Legap, with {2 such that
new h,p:

< Has reconstructed form “outside source”
« Has decay as r = o©
« Has singularity only “inside source”
Outside source (“Held quantities”) (price, Shankar, Whiting, 06]:

1 1 /! ~o = _0=0¢0 1 o} 110 = 0 =0 ()0 ¢O
(+_>b£;—|—pp7‘7‘§,—l—(Wp—i—Wp)f;—l—pTQ£m
p P 2

— 0O ~0 —0O = ~0 — ox! +o0

—pr V&g, — pT O] — pT O &S,

10 — 00 X ~0
Em ==Em + PT & — O/
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Finding &7, £, &2 (“Held quantities”)

Step 1: Integrals from source — determine a°, b°, . ...

Step 2: Solve g

§ 3 +Cc° = }5’5,?,,,

o ! o 1 o 1Y o
a :b51+§5§fn+565ma

1
2
~ 0 =z g/ . " .
e b = 0 and 0, 0 are spheroidal raising and lowering operators.
u
o 7°, Q° p° and V° — Held's background-related scalars.

bO

e Using frequency domain methods (purely algebraic problem in
Schwarzschild).

Step 3: Obtain gauge vector £ — no-string gauge.
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Conclude

v' Review GHP and Held.

v' Review the GHZ reconstruction.

v Explain passaé;e to no-string.

X Lorentz gauge.
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Thank you for your attention!
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